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PREFACE.

TeRovaHOUT this work the writer's object and desire have been to
collect together in one volume the most useful information, with
illustrations and discussions on every subject which it is the
founder’s special interest to know, so that after perusal he may be
familiar with the best modern practice in his particular art. It
should also be stated here that, in addition, the author has
endeavoured to make the best use of the more important matter
and illustrations included in SprETson’s treatise, ‘Casting and
Founding,’ the issue of which the Publishers have decided to dis-
continue. The more valuable parts of that treatise have been
carefully revised and reconstructed, to suit the general character of
the new work, in which the various subjects are introduced to
the reader concisely in their natural progressive order, and in
the most practical manner that the subject will permit.

Like all other departments of manufacture, the art of founding,
although an eminently practical one, has latterly been consider-
ably advanced by the application of natural science; and the
founder is mow able to solve many of the more abstract and
difficult problems which present themselves throughout bis many
and varied operations. In this work, where it has been con-
sidered desirable, such chemical reactions, also the various hydro-
static and mechanical principles, us are involved in foundry
practice, are all described more or less in detail, endeavouring at
the same time to treat these problems in the simplest possible
way consistent with accuracy. By such theoretical considerations
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vi FOUNDING AND CASTING.

the founder is not only made to understand clearly many of those
phenomena (otherwise difficult to explain) in ordinary practice,
but he will often be enabled to foresee these, and therefore
take such precautionary meesures as may be dictated by calcu-
lations, chemical analysis, etc, made with such mathematical
precision as will enable him to prevent many of the failures by no
means uncommon even in the foundries of the so-called leading
firms of to-day. Such theoretical knowledge, however, by itself will
be of little or no service, and can only be used to advantage when
it supplements a thorough practical knowledge and experience
gained by a careful study of the various causes of failures, and the
successful remedies adopted. To do this requires a constant
exercise of the greatest care and watchfulness at every step
throughout the moulding process, because, if only one apparently
small point is overlooked among the numerous processes leading up
to the final operation of casting, that omission (which in all likeli-
hood cannot be discovered later on) may be the direct cause of the
casting turning out defective, and even unfit for the work for
which it was required. It is therefore broken up by the foundry
and remelted at considerable loss in material and wages, apart from
the inconvenience through delay to the general progress of the
work of the engineer.

As it is the founder’s business to deal largely with his iron in
the form of pigs, which he subsequently melts so that it may be con-
veniently poured into moulds to form castings of every conceivable
form, such as may be required for the various fundamental parts
of machinery, engines, also many other useful and ornamental
appliances, prominence is given here to those questions with regard
to the composition of cast iron, and the characteristic properties
produced by each element, such as, for instance, the fusibility,
ultimate strength, toughness, ete., of cast iron generally.

Cupola management and the subject of cupolas generally are
treated fully, referring in detail to the characteristic changes in
the quality of cast iron as the direct result of remelting, also the
relations at present existing between the quantity of coke consumed
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under the most favourable actual conditions, and the quantity of
fuel shown to be necessary by theoretical considerations.

Gaseous fuel by its increased importance in modern founding
calls for the detailed particulars given regarding the production
from coke and coal, its subsequent combustion and comparative
efficiency relative to the use of coal when burnt direct as in
ordinary foundry stove work.

The composition and properties of the various materials used
in the foundry, including sand, loam, blacking, etc., are treated
here fully from a thoroughly practical point of view, in addition to
many theoretical observations which will be found of considerable
value.

An attempt has also been made to generalise the various charges
representing the cost of production under ordinary conditions,
with due regard to the differences in the amount of labour required,
also the particular process of moulding adopted. The various items
are here classified under six different heads, in order that some one
of these may always be found which will represent approximately
these items of cost for any particular casting.

It may be thought by some that these tabulated values are some-
what arbitrary and insufficiently accurate for the purpose; so we
must explain that it is only proposed to use these results and
values for readily estimating approximately the value of castings
generally, the more elaborate treatment of this important subject
being considered quite outside the scope of the present work.

The writer desires here to acknowledge the assistance received
from many personal friends and other authorities referred to
throughout this work, and to these gentlemen are due our best
thanks.

JOHN SHARP.
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FOUNDING AND CASTING.

——AA O e

CHAPTER 1L

PIG IRON: ITS omucmnis’nos AND MIXTURES.

Irox, to be suitable for foundry purposes, must have the property
of being readily reduced to such a liquid state that will permit of
its being carried in ladles to a reasonable distance, and still be
sufficiently liquid as fo run into and occupy the most minute
spaces in & mould, so that it may be possible to produce castings
of the most intricate forms conceivable—as, for instance, the various
parts of engines, machinery, and also the more highly ornamental
iron castings adopted in structural ironwork generally.

Such iron compounds, now so well known as cast or pig iron,
it should be pointed out here, are comparatively modern products
when compared with the purer and more malleable qualities of
iron capable of being welded together, drawn out and shaped under
the hammer when raised to a suitable red or white heat, as in
ordinary smith-shop practice. That the latter malleable qualities
should have been the only products from the early smelters was
due naturally to the primitive methods then adopted, and practised
more recently at Catalonia, in Spain, the furnace and general
procedure in the latter instance being here illustrated in Fig. 1,
and known as the “ Catalan process.” The quality of iron pro-
duced in the manner illustrated varied even in the same mass (as
it left the furnace) from soft to steely iron, owing to the want of
uniformity in the decarbonising effects of the air blast, along with
that of the oxide of iron present in the slag and ground iron ore

B



2 FOUNDING AND OASTING.

which forms the bottom of the furnace referred to, all of which, it
will be seen, acted more directly on the surface of the mass of iron
towards the end of the process.

As the demand for iron manufactures increased, sme'ters began
to enlarge the dimensions of their furnaces throughout. The iron
ores, too, which previously might not have been considered quite
pure, nor rich enough, were now being used, with the result that
accidentally now and then a highly liquid quality of iron was
produced, by reason of the higher percentage of carbon, silicon,

n

FiG. 1.

and other elements the iron contained, which liquid iron for a
long time was considered even worse than useless, by its having
to be run off in the same manner as the slag, until later on it was
observed that, by subjecting it to the influence of air directed
through it, or by stirring the liquid metal so as to expose its in-
terior as much as possible to the direct influence of an oxidising
atmosphere (as now practised in the well known puddling process),
the metal became thickened, due to the removal of the previously
combined carbon so as to leave the iron comparatively pure and
malleable.
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Now that the liquid metal could be further treated favourably,
and its production had become more general, it seems natural that
some one should have suggested the direct use of this liquid form
of metal by casting it into moulds, which could be readily formed
in the earthen floor-space near the furnace.

The earliest efforts in the direction just indicated, and appa-
rently those marking the introduction of iron foundry practice
generally, are eome simple iron castings, in the form of chimney
backs and grave slabs, unearthed in the south of England, on which
the year 1550,® cast on, serves to indicate clearly the date of their
origin.

Later on, in 1595, we have evidence of a considerable develop-
ment in the art of iron founding, as in this year cast-iron cannons
were being produced, weighing up to three tons each. And again,
in 1685, we find that the first cast-iron pipes were made and
adopted for the Marseilles water supply.

This latter date, it will be observed, marks the beginning of one
of the most important of the many and varied branches of iron
founding in our own day.

Cast iron, or carbide of iron, which was considered by the early
smelters as useless, has now, by later experience, turned out to
be the most desirable product directly reduced from the iron ores.
For convenience in handling this metal, it is run direct from the
blast farnace, and cast in open sand-moulds into long bars or pigs,
of D-shaped section, each weighing about one hundredweight, or
roughly speaking, twenty pigs to the ton. The remarkable changes
in the quality of metal which can be produced by slightly different
treatment of pig iron are of the utmost importance and utility—
such as, for instance, the conversion of pig iron into steel direct
by the Bessemer process, the power of obtaining from the same
cast iron either a soft, flexible, or elastic steel, or one so hard and
brittle that nothing softer than corundum or a diamond will cut
into it for any length of time. Such extraordinary variations in
the quality of metal produced are chiefly obtained by varying
the proportions of carbon retained in combination with the iron.
Thus we have, on the one hand, malleable iron, when the amount
of carbon retained is reduced to a minimum, and, on the other, wo

* See article in ¢ Engineering,’ April 20, 1897.
B 2




4 FOUNDING AND CASTING.

have cast or foundry iron containing the maximum percentage
of carbon in combination with iron; while between these two
extreme conditions or qualities of metal there are the various
qualities of steel, the different properties of which are chiefly
dependent on the amount of carbon present. So much so, that
the quality of steel to be supplied is often indicated in specifi-
cations by a statement of the percentage of carbon required ;
so-called mild steel being simply that quality in which the carbon
present is reduced to a minimum, and in which case the metal
resembles in character that of puddled iron, but, on account of the
steel producing methods of production, it is more homogeneous in
quality ; otherwise it might be termed malleable iron.

The hardness of cast iron may itself also be affected consider-
ably, by merely altering the rapidity or rate at which it is allowed
to cool down from the liquid to the solid or normal condition; by
such variations it can be made to form hard white, chilled, or soft
grey castings (the latter of which can be turned and:bored
almost as easily as brass, and is therefore that quality desired for
general casting requiring to be afterwards machined).

Cast ¢ron is a granular and crystalline compound of iron and
carbon, more or less mixed with uncombined carbon in the form of
graphite, but never containing more than 5 per cent. It is harder
than pure iron, more brittle, and not so tough, and is obtained by
the direct reduction of iron ores in the blast furnace. The modes
of combination of the carbon with the metal, as well as the nature
and proportion of foreign matters, such as silicon, alumins, sulphar,
phosphorus and manganese, determine the infinitely varying quali-
ties relating to its colour, degree of fusibility, hardness, tenacity,
and 8o on.

In practice the different varieties of cast iron when in the pig,
that is, as they are sent from the smelting furnace, are distinguished
by the colour and general appearance shown by newly broken
surfaces ; tlese exhibit every variation from dark grey to dead
hard hite.

All cast irons are not available for foundry purposes; those
preferred are irons which become sufficiently fluid upon fusion to
fill every part of the moulds into which they are poured ; and also
shrink but slightly upon cooling; such castings, once in a solid
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state, should admit of easy manipulation, and, whilst eatisfying
these conditions, possess sufficient strength for the purpose to
which they are to be applied. These different qualities are found
combined in a higher degree in grey cast iron than in white irons,
and the former are therefore most generally used for foundry work.

Pig Irox Fracrumes.

No. 1 Grade. No. 4 Grade.

White Iron.

Grey tron merges into white iron by imperceptible degrees, and
in some irons the two are clearly developed in the fracture of one
and the same pig; it is then called mottled iron, and this is fre-
quently of great strength. Some seven or eight classes may be
found running from clear white at the one extreme to dense grey
at the other, and in order to represent more clearly the structural
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differences to be observed at the fracture of different grades of pig
iron, the foregoing illustrations of pig iron fractures have been
selected as typical.

Nos. 1 and 4 pig shown, represent as nearly as poesible the
actual grain of the highest and lowest grades of foundry iron, the
characteristic appearance of white pig iron being also shown.

Although in each example the outline or size of section has
been reduced, the grain represented is almost actual size. As
already statel, ail grades of pig iron are not suitable for foundry
purposes, so that they have been classed under two heads, viz,
foundry and forge pig, the foundry pig being divided into four
grades, and known as Nos. 1, 2, 3 and 4 pig iron; the forge
pig including the mottled and white iron.

There is still another grade of forge pig between the two just
named, the characteristic appearance of which is that a portion of
its fracture at the centre is mottled, while the remainder towards
the outside is entirely white.

In white cast iron the greater part of the carbon is present in
the form of a chemical combination, carbide of iron, whilst in grey
cast iron the carbon is mechanically interspersed in small black
specks amongst the lighter coloured particles of metal, the fracture
being of a dark grey colour, and being of a granular or scaly
crystalline character. Grey cast iron is much softer and tougher
than white iron, and may be filed or turned ; whilst white iron is
very brittle, and can neither be turned in a lathe nor filed.

These qualities may be altered toa certain extent, as by casting
grey iron in thick iron moulds, or chills, it becomes almost as hard
as steel ; but this change tukes place only at the surface, the inside
of the casting still retaining its grey colour. If it is desired to soften
a casting which is too hard to be turned or bored, this can be done
by heating the casting for several hours in a mixture of bone-ash
and coal-dust, or in common sand, and allowing it to cool slowly
whilst still imbedded in these bad heat-con lucting materials.

Grey cast irox requires a higher degree of heat befors it com-
mences to fuse, but becomes very liquid at a sufficiently high
temperature, so as easily to be run into moulds.

White cast iron is not so well adapted for casting, as it does
not flow well ; it is rather pasty in consistence, and scintillates
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a8 it flows from the furnace to a much greater extent than grey
iron, and is excessively hard and brittle.

This quality of iron is obtained by using a low temperature and
a small quantity of fuel in the blast furnace. It is a homoge-
neous chemical compound of iron with from 2 to 4 per cent. of
carbon, and is well suited for forge purposes, to which it is generally
applied.

Granular cast iren can be converted into grey cast iron by
fusion and slowly cooling ; whilst grey cast iron can be converted
into granular white cast iron by fusion and suddenly cooling.

Crystalline white cast iron is harder and more brittle than the
granular, and is not capable of being converted into grey cast iron.
This variety is too brittle for nse in machinery.

No. 1 pig contains the largest proportion of graphite; it is
distinguished in appearance by great smoothness on the surface
of the pig, produces the finest and most accurate castings, but
is deficient in hardness and strength, in which it is inferior to
Noe. 2 and 3.

It is indeed charged with carbon to excess, and, when turned,
free carbon may be observed flying off like powder. The crystals
are large, extending over the entire fractured surface, which shows
a characteristic blue-grey colour and coarse grain. When broken,
the pig does not ring, but falls asunder with a dull leaden sound,
and it usually breaks very evenly, showing but little tenacity.
When fluid, it is marked by a notable absence of either sparks or
splashes. The surface is dark and sluggish, and as it cools it
becomes covered with a thick scum, which is a source of much
waste. Used very hot, as when melted in a crucible and air
farnace, it is so fluid that it will run into the finest and most
delicate moulds. This property, as already remarked, peculiarly
adapts No. 1 foundry pig for the purpose of small thin and orna-
mental castings, and anything that requires a minute adaptation of
the metal to the mould. No. 1 is not often employed by itself, but
commonly as an admixture with scrap.

No. 2 pig, which is lighter in shade than No. 1, is finer in grain,
not 8o soft, is not so fluid when melted, nor the skin of the pig
80 smooth. Being closer grained and more regularin the fracture,
it is more tenacious, and, while capable of being easily turned and
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polished, being harder and stronger than No. 1, it is preferred for
strong ornamental castings. Melted, it is seen to be of a clear
reddish-white colour, splashing little when poured into the ladle.
There is a scum and a sluggish flow, but not to the same extent as
with No. 1. When being run into the mould, it breaks over the
edge of the ladle in large sheets, leaving behind them long narrow
lines running from side to side. As the iron cools, these lines open
in various directions until the surface is in lively motion, lines
intersecting each other in every direction. This activity continues
until the surface becomes stiff or pasty, but, on removing this
covering, these lines are again seen flitting over the surface.

No. 3 pig is the most extensively used foundry iron, owing to
its being a medium between the extremes, which can therefore be
used for a variety of purposes. It has less carbon than the other
two kinds, and possesses less ﬂnidity when melted ; it is also more
minutely grained, and smoother in the fracture than No. 2. The
broken surface shows a shghtly mottled appearance at the margin,
while at the centre there is a regular arrangement of smaller
crystals comparatively compact and dense. As it flows into the
ladles there is a display of sparks flying in various directions, and
an absence of scum, the surface being clean. Figures are slightly
visible at surface, but are small, and pass off entirely as the metal
cools. It possesses a greater degree of toughness, as well as hard-
ness, and turns out strong, durable castings ; it is therefore selected
for parts liable to great and sudden strains, and exposed to constant
wear and tear—tram plates, for example, heavy shafts, wheels,
and ordinary steam cylinders, where large quantities of scrap are
available. It is the opinion of many founders that a considerable
advantage can be gained by a liberal use of No. 3 in conjunction
with a smaller mixture of good soft pig iron.

No. 4 foundry ¢ron, as it is called, when fractured, is more or
less mottled, with a whitish glossy appearance. The pig is difficult
to break, and the fracture uneven, indicating a considerable amount
of tenacity. When melted very hot it has a clean, glowing surface,
and as it i8 poured it throws out showers of sparks in all directions,
which continue to break into small particles, and fuse during their
flight. This phenomenon is peculiar to this description of irom,
but may be observed with other irons which have been very much
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exposed, and oxidised by the atmosphere. While still in & melted
state a constant succession of small globules rise to the surface, these
expanding gradually and seeming to merge by degrees into the
molten mass, being replaced continually while the iron remains
flaid. On cooling, the surface is found covered by thin scales of
oxide. No. 4 will be found applicable to very heavy castings, such
a8 girders, bed plates, engine beams, plain columns, and the like,
especially where there is little after machine manipulation neces-
gary. It is obviously ill adapted for light casting, as its density
renders it unsuitable for filling delicate moulds The purely
white irons are entirely unsuitable for foundry purposes, and are
therefore beyond our consideration here.

The following remarks upon some points which we have
already treated of, may aid in roughly eshmatmg the ‘quality of a
cast iron.

When the colour is & uniform dark grey, the iron is tough,
provided there be also high metallic lustre; but if there be no
metallic lustre the iron will be more easily crumbled than in the
former case. The weakest sort of cast iron is where the fracture
is of a dark colour, mottled, and without lustre.

The iron may be accounted hard, tenacious and stiff when the
colour of the fracture is lightish grey, with a high metallic lustre.

When the colour is light grey, without metallic lustre, the iron
is hard and brittle.

When the colour is dull white, the iron is still more hard and
brittle than in the last case.

When the fracture is greyish white, interspersed with small
radiating crystals, the iron is of the extreme degree of hardness and
brittleness.

When cast iron is dissolved in muriate of lime or muriate of
magnesia, the specific gravity is reduced to 2155 ; most of the iron
is removed, and the remainder consists of graphite with the impu-
rities of cast iron. A similar change takes place when weaver's
paste is applied to iron cylinders. Sea-water, when applied for a
considerable time, has the same effect. It takes much longer to
saturate white cast iron than to affect grey. The soft grey iron
yields easily to the file after the outer crust has been removed, and
ina cold state is slightly malleable.
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We may state also that the quality of iron in a melted state is
readily judged of by a practised eye from the nature of the agitated
aspect of its surface. The mass of fluid seems to undergo a circu-
lation within itself, having the appearance of ever varying network.
When this network is minutely subdivided, it indicates soft irom.
If, on the contrary, the iron be thrown up in large convolutions,
the quality of the metal must be hard.

There are many individual exceptions to the ordinary classifi-
cation of pig iron, which, although a matter of great convenience,
is so far artificial, inasmuch as iron varies in quality, measured by
the minuteness of the grain and foreign admixtures, by minute
graduations between the two extremes. Considerable latitude is
therefore allowed in the classification of pig iron.

¢ Serap,” or the broken-up fragments of every conceivable
article which cast iron is employed to make, is as variable in com-
position as can well be imagined. A gereral characteristic is that
it can be melted with less fuel, as it is deficient in the thick silicious
skin which usually covers the pig, and more can be melted in a
given time, as the silica necessitates a liberal use of limestone or
some other flux, by which course damage frequently occurs to the
lining of the cupola. It should be observed that ““scrap™ has
become altered from its original composition as often as it has been
remelted, and hence its common daily use as an addition to soft
pig. in order to confer upon the latter greater hardness and closer
grain. It is a mistake, however, to suppose that a casting made
with fine-grained scrap will bave a finer grain than that of the
pig employed to make it, for it is obvious from a slight considera-
tion of the laws of crystallisation, alluded to at page 67, that
the fineness of the grain, that is, of the crystals in a finished
casting, materially depends upon its size and the rate at which
it cools.

The properties and general characteristics of the various grades
of pig iron just described, constitute in many instances the founder’s
only guide in forming some ideas of the physical properties of
the various kinds of pig iron at his disposal, the proper judgment
of which is of the utmost importance, as shown by the many
castings condemned from time to time as unfit, not because of any
apparent flaw or defect such as might occur through defective
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moulding, but on account of the metal being unable to stand the
grecified physical tests.

The particulars of fracture referred to, although assisting the
founder to some extent in detecting some of the more outstanding
properties of cast metal, cannot be relied upon, owing to the
fact that the appearance of fracture varies considerably, even
where chemical analysis has shown that the composition is the
game exactly. Accordingly we find that-within these last few
years quite a number of iron founders, desirous of carrying on
their work with greater certainty of success, are now system-
atically making analyses of suitable samples of all the pig iron
delivered at their works, in order to bave such data as will enable
them to mix their iron so as to produce desired results with a
degree of certainty otherwise impossible.

Others, again, who thoroughly appreciate the importance of a
knowledge of composition, are content with their method of pur-
chasing the pig iron with a guarantee as to its composition from
the makers.

There will nevertheless always be a considerable number of
founders producing castings which do not demand such accuracy
a8 regards the quality of metal, and for which only low-grade
iron is used. But even in such cases, especially when large
quantities of duplicate castings are turned out daily, a know-
ledge of the composition of the iron available would be the
means of preventing many of the losses which frequently occur
from the use of unsuitable metal, instead of the more common
practice of endeavouring to cure after serious loss has been
incurred.

The latter and more common methods of trial and error,
aided by the appearance of fracture, &c., with a view to pre-
venting further loss, often result in a considerable proportion
of the day's cast turning out bad before the faults have Leen
checked or removed. All this proves of how little service is the
fracture of a pig in determining its properties, although there are
many pretentious individuals who claim to have sufficient skill to
do so.

Tablée Nos. 1, 2, 3, 4 and 5 will here be found of special
interest and value, by giving the complete analysis of a number
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of well known brands of pig iron being extensively used at home
and abroad. .By these tables it will also be observed in what
respects the various grades of iron differ as regards their com-
position.

P1e TrRoN ANaLYSIS.

Tasre L.—SCOTCH PIG IRON.

GapItic uarovn DYV | DOV | BTOW I ITHI | Lo | We | 3TOUD| .. | B°192
Combined ,, 0°07 | 0-090| 040 | 0200 ..|..]| 0°125|..| 0-266
Silicon e .. | 329 (287 | 1°61 | 3°430(..|.. | 2:438|..| 2-158
Sulphur .. .. .. 0:034| 0°037| 0:0641 0°022|..|..{0°0385,.. | 0-114
Phosphorus .. 1096 | 1:08 | 0°940| 0-904| .. | .. | 1°088[..| 1-120
Manganese 1'19 | 115 | 0-810 1-580|..|..| 1:015(..| 0-799
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Tasie IL—ENGLISH PIG IRON.

Maker. ‘W. B. Saxuersox & Co., Ltp. BoLcxow VaugHaxN Co.
Brand. B. 8. Newport. Cleveland.
Grade. 1 3 4 1 3 Foundry.
Iron .. .. .. 91:04 | 91-83 | 92-12 | 90°96 | 91-35 | 91-95
Graphitic Carbon .. 3-20 3-00 2:90 3-50 3:30 3:15
Combined ,, . 0-20 0-35 0-45 trace 0-15 0-25
Silicon .. .. .. 3:30 2-80 2-50 3 30 3-00 2-50
Salphur .. .. .. 0-01 0-04 0-10 0-03 005 0-10
Phosphoras .. .. 1:50 1-46 1°48 1-51 1:50 1-50
Manganese .. .. 075 0-52 0-45 0-70 065 | 0-55
Maker. BELL Broa., L1D. -
Brand. Clarence. Skinningrove.
Grade, 1 3 ‘ 1 3 Fo"“:;jf,’.
Ironp .. .. .. .. |91-659 | 91-805 | 92-644 | 91-063 | 91-892 | 92-424
Graphitic Carbon .. 2-7R 2-91 2-90 8-35 |.8°020 | 2-970
Combined . 0°52 0-38 0-30 trace trace 0-190
Silicon .. .. .. 2-91 270 202 8-26 2-950 | 2-850
Sulphur .. .. .. 0°031 0-037 | 0076 | 0°007 | 0:008 | 0-056
Phosphorus .. .. 1:-50 1-64 1-50 1710 1-580 1-531)
Manganese e s 0°60 0-53 056 0-610 | 0:600 | 0°480
TasLe IIL.—COLD BLAST PIG IRON.
Maker. M. W. CrAZEBROCK, Braxxavox,
Brand. Cold Blast Mine Pig. Blaenavon.
Grade. 1 3 3 4 5 3 4 5
Graphitic Carbon .. | 8°07 | 804 | 8-12 | 3-03 | 2:81 | 1°55 | 1-50 | 230
Combined . . . . . .« 030|029 |'0°63
Silicon .. .. .. [1°48|1-27]1-16 (083 0°57 | 114 {1-12|1-02
. {0°03)|0°04]005|004|0:06|0:09]0-08]|0-09
e | 0°43 | 0°34 | 0°44 | 0-31 | 029 | 0-38 | 040 | 0-30
. | 0°96 | 080 | 094 ]0-27 | 0-18| .. . .
GOLDEXDALE. MADELEYWOOD.
Goldendale. Madeleywood.
1 3 3 1 2 3
. 93-44 . . . 92-137 | 92-625
. 2:84 . . . 3-170 | 2-920
. 0-04 . . . 0-505 | 0-570
216 o . . 1:471 1-294
0-04 . . . 0:047 | 0-053
0-85 . . . 0-463 | 0-482
. 0-63 . . . 1756 | 1-575
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TasLe IV—SPECIAL BRANDS OF PIG IRON.

Maker. l Dourars Irox Works. | RoLckow Vaugenax Co. AuuxA.

Brand. 1 Be;s{mor. —_ Forge Pig.

Grade. i 1 l 2 3 Forge. |Mottled.| White. | Grey. |Mottled.
Iron .. .. .. .. 92‘80| 92°44(93-60|94:00| .. ..
Graphitio Carbon .. | 8-40 300 1-50| trace | .. .
Combined ,, . {0307 0-40| 1-50| 3-00| .. ..
Silicon . 2-50 2:00| 1-20| 0-80(0-78 | 0-69
Sulphur 0-05 0-15| 0-25{ 0-835/0-041/ 0°115
Phosphorus 0-05 1-51) 1-50( 1-5G!0-7121 0-733
Manganese i0'90 0-50( 0-45 0‘35|'0‘27 | 0-33

TasLe V.—ALABAMA PIG IRON, U.S.A.

Maker. ! Woopst ick Fouxpry Pig Irnn.

Brand. I — — —_

Grade, No. 1 Strong Foundry. N‘go‘:d%h No. 4 Fouhdry
Iron .. .. .. .. . . .
Graphitic Carbon .. 334 to 3°50 3:50 to — 3:06 to —
Combined ,, . 0-42 ,, — 0-20 ,, 0-24 0:50 ,, —
Silicon .. .. .. 176 ,, 2°75 3-50 ,, — 1:20 ,, 1-50
Sulphur .. .. .. 0:02 ,, 0-03 0-02-,, 0-03 0:03 ,, 0-04
Phosphorus .. .. 0-50 ,, 0°75 0-50 ,, 0-75 046 ,, —
Manganese .. .. 0-80 ,, 0-95 0-80 ,, 08 -| 060 ,, 0°80

For such valuable details and particulars we are indebted in
many instances to the mak:rs themselves, in which cases the
analyses are certified as charucteristic of the results obtained from
repeated tests. Where such particulars were not obtainable from
the makers themselves or by direct analysis, it was then necessary
to fall back on the next most authentic source of information
available. In no case, however, can we expect these pig iron
analyses to do anything more than indicate some of the more out-
standing features of the various brands mentioned. And, indeed
that is all that is necessary for our purpose here. Anyone de-
giring to fol'ow the characteristics of any of the brands mentioned,
for direct practical reasons, would find it more reliable to make a
private analysis of the differcnt brands he may be interested in.
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Table No. 6 shows the characteﬁétic differences to be observed
in the composition of the various kinds of pig iron classified under
various letters A, B, C, D, &ec.

TasLe VI.
A B (o] D B F G H
-— . Grey Common Mottled Best Found
Cinder | White Mine 'Y | Grey. [Mottled.| White.
Pig. Pig. Iron. Pig. Pig.
Iron ee ee .. | 9355 95-27 [93-29(94-56| 93-53 | 90-24 [ 89-39 | 89-86
Combined Curbon } 2-80 2,42{ 2-78| 0-04 . 1-82| 1-79| 2-46
Graphite . 1-99| 8-10( 8-44 | 2-64| 1°11| 0-87
Silicon .. .. .. 1-85| 0-36| 0-71| 2-16] 1-13| 8-06| 2-17| 1-12
Salphur <« .2 | 0°14] 0-87 | trace| 0-11| 0-03 | 1-14| 1-48| 2-52
Phosphorus .. .. | 1'66] 1-08 | 1-28| 0-63( 1:2¢| 0-93 1-17| 0-91
Manganese .. .. . . . 0-50( 043| 0-83| 0:60| 2:72

By grouping together the analyses of so many different brands
of iron, it becomes comparatively easy to distinguish the charac-
teristic variations in the composition of pig iron generally.

Tukiog each element separately, the following particulars are
observed.

Iron.—The fundamental element in pig iron, by reason of the
increased proportion of the other elements, is always the lowest in
high grades, gradually increasing in the lower grades, until in
white iron it bas reached the maximum of 94 per cent.

In foundry grades the tables show the following variations :—

No. 1 grades contain an average of 91139 per cent. pure iron.
No. 4 » » 92513 ” »

Showing a difference " 1-384 ”

”

The state or condition in which iron is found in pig iron varies,
In the No.1 grades the crystalline form has obtained the maximum
dimensions, as represented in No. 1 grade, page 4, also Fig. 22,
page 99. .

In these high grades the crystals may be removed for ex-
amination, and when tested are found to resemble malleable iron as
regards softness and toughness, which properties they impart to the
higher grades, and especially to the No. 1 pig.

It is sometimes stated that these crystals are approximately
pure iron ; this, however, is somewhat misleading, considering that
the important difference between the higher and lower grades is
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in the proportion of carbide of iron, the amount of which in the
highest, or No. 1, grades may be so small that it is difficult even
to find a trace; the whole of the carbon present in which will
be found to exist in the form of graphite or free carbon; the other
various elements being retained in combination with the iron as it
exists in the crystalline formation referred to. The characteristic
softness must therefore be due to its freedom from carbon, the
latter always tending to harden iron when chemically combined
with it to form carbide of iron. Generally speaking the effect of
carbon to harden iron when combined with it, is much greater than
that of any of the other elements present in pig 1ron, or indeed the
whole of them together.

Carbon, the presence’ and condition of which plays a most
important part in the production of the various characteristics of
pig iron, is derived from the fuel during the smelting process in the
blast furnace. It exists, as isseen by the tables, in two distinct con-
ditions, viz.,, the graphitic and combined state. In some analyses,
however, the total carbon only is stated; this will depend on the
purpose for which the analyses are made. The maximum total
carbon which foandry iron is capable of absorbing is from 4} to 5
per cent., the whole of which is understood to be combined or in
chemical union with the metal when in a molten state. That
portion which, when the metal is solid and at normal temperatures,
has become separated in the form of graphitic carbon, must have
changed its condition and separated at some period of the cooling
process. (Further reference to this will be made under the head of
Expansion of Cast Iron, pages 26 to 30.)

As indicating the relative proportions of the two conditions of
carbon existing in the different grades of pig iron, we have the
following abstract from the analyses given in the tables : —

No. 1 Carnbroe graphitic carbon .. .. = 3°90 per cent.
» combined , .. .. = ‘07 »
» Total ,, =397 maximum.
No. 4 Gartsherrie graphitic carbon =220 "
" combined = 90 ,
» Total ,, =310 , minimum.
White pig iron graphitic carbon .. = trace
» combined ,, = 300 = Total.
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Graphitic carbon is the condition of carbon as it exists in pig
iron when not in chemical union. In No. 1 grades the amount of
carbon set free has reached the highest degree, leaving sometimes
only as much as may be represented by a trace combined.

The presence of graphitic carbon is easily distingnished on
account of its mirror-like appearance, represented in No. I pig,
page 5, as it adheres in flakes or scales to the innumerable sur-
faces of the various crystals of iron exposed at the fracture of
any high-grade pig iron. That this carbon is free, and not chemi-
cally combined with the iron, is readily shown at least to some
extent by reducing a portion of such pig iron to a coarse powder.
By simply handling the powdered iron the fingers will become quite
black, the same as the effect produced by rubbing with ordinary
black lead or graphite.

Combined carbon, on the other hand, represents the carbon that
exists in chemical union with the metallic iron in the pig, the pro-
portion of which is lowest in the higher grades on account of the
high percentage of graphitic carbon shown to be present. The pro-
portion of carbon in combination with the iron increases gradually
in the lower grades until in white iron it is wholly combined.

It will be observed that the total carbon present in the various
grades of pig iron does not vary to any great extent, so that any
increase in the amount of carbon chemically combined means a
corresponding reduction in the amount of graphitic carbon in any
particular grade.

In a casting, the relative proportions of combined carbon to that
in the graphitic state depends on the chemical composition of the
pig iron, aleo the rate at which the casting is cooled. Some
elements, as for instance silicon, have the effect of increasing the
proportion of graphitic carbon, while the effect of the presence of
sulphur is exactly the opposite, and will increase the amount of
combined carbon.

The rate of cooling when increased, as in the case of chill cast-
ings by contact with metal moulds, has the effect of increasing the
amount of combined carbon, causing that portion of the casting next
the chill to be extremely hard. The opposite effect is produced by
reducing the rate of cooling, as in the case of annealing, which has
for its object the softening of the casting, and in which it will be

°
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found that the graphitic carbon is increased and the combined
carbon diminished. Similar effects to those just referred to are
produced by reason of variations of the thickness of metal in a
casting, such as castings of thin metal being hard owing to the in-
creased proportion of cooling surface exposed, causing it to cool
down more rapidly than castings of thicker metal, the rate varying
inversely as the thickness.

Generally speaking, a high percentage of graphitic carbon
corresponds to a coarse grain, large crystalline form, and soft or
tough metal easily machined ; while high combined carbon has the
effect of closing the grain, so that the metal is made finer, harder
and more brittle, but may be stronger.

Silicon in pig iron is derived by the reduction of silica in the
presence of carbon during the process of smelting. The pro-
portions in which it may combine with the iron depends on the
degree of temperature attained in the furnace during the period of
reduction, high percentage of silicon being the result of high
temperatures, which correspond to increased proportion of fuel
used. These conditions are also favourable to the production of
high grade iron, with its high percentage of graphitic carbon. The
highest percentage of both silicon and graphitic carbon will there-
fore be found in the same grades of pig iron, and this, it will be
observed, is verified by the figures in the tables, in which the

No. 1 grades attain the maximum of 3-30 per cent. silicon.
No.4 » minimum of 1:43 » "

The effect of silicon in cast iron is to promote the separation of
carbon into the graphitic state, so that even a white iron may be
made to have a granular * or greyish appearance at the fracture by
the addition of silicon in the form of ferro-silicon. The silicon,
when added, combines with the iron to form a silicide of iron, the
iron in which was previously in combination with carbon forming
a carbide of iron, the latter being, as already stated, much harder
than silicide of iron. During this changing process it will be seen
that carbon is set free. The effect of this is also the softening of
the metal, which will therefore be more suitable for machining.
By thus adding silicon a larger percentage of scrap may be used.

* See the tests for effects produced by remelting, page 55.
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The percentage of silicon, however, which may be added should
never exceed that necessary for the conversion of the whole of the
combined carbon into the graphitic state, in which case it is said to
bave reached its limit of usefulness.

The proper use of silicon, either by its addition in the form of
ferro-silicon, or by the careful mixing of different brands of iron,
will enable the founder to produce castings successfully with higher
proportions of low grade iron; or when it is required that a high
proportion of scrap be used, castings will by this means be softer,
and shrink less than if no silicon had been added, both of which
properties -are most essential, especially in such castings as belt-
pulleys, spur wheels, and others in which the thickness of metal
varies to any great extent.

Sulphur, on account of its great affinity for iron, readily com-
bines with it when under the influence of sufficient heat, and as the
fuel used for the smelting of iron ores is seldom or never free from
sulphur, and at the same time is in contact with the metal during
the process of reduction, it follows that a portion of the sulphur will
pass into the iron. For the same reason it will be seen that to
remelt pig iron in a cupola is another opportunity for the metal to
take up additional sulphur from the fuel required to melt it; every
time, therefore, that cast iron is melted or remelted, it will take up
additional sulphur, the effect of which is to harden it, until it
becomes 80 brittle that it is unfit for use except when mixed with a
considerable proportion of soft iron, or it may be the addition of
ferro-silicon already referred to. It may be mentioned, however,
that increased sulphur, up to a certain point, will increase the
strength. But, generally speaking, the proportion of sulphur should
be as low as possible for ordinary castings.

The percentage of sulphur, it will be seen from the tables, is
least in the higher grades, and increases in the lower grades, as
shown in the following : —

Eglington No. 1 contains .. .. .. -0% per cent. sulphur.

” No. ¢ e e e '_(E » »
Cleveland No. 1 ” e e . 03 ”» »

» No. ¢ e e LO . »
Alabama No. 1 ’ e e e 0025, "

w No.3 v e . 030, N

c2
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Sulphur, generally speaking, tends to whiten the iron, and in-
crease the shrinkage in the castings produced. It tends also to
make the molten metal run thick and sluggish, causing blow-holes
in the castings, owing to gases being held in suspension and pre-
vented from rising through the molten metal, which has cet too
quickly.

Silicon, as already stated, will have the effect of increasing the
Auidity, and otherwise counteracting the bad effects produced by
sulphur, although for equal quantities the sulphur is much more
effective for evil, being estimated by some authorities as even fifteen
times that of silicon for good.

Phosphorus in pig iron is derived either from phosphates of
lime, contained in the ore, the fuel and the flux, or from phosphate
of iron in the ore; phosphorus being most abundant in those
strata where animal remains are found.

the phosphorus present in the ore and other
passes into the pig iron produced, the cqntrol of this element
during the smelting process being quite impfossible.

It has therefore become a characteristlic property of certain
brands of pig iron, such as, for instance, sonhe of those produced in
Middlesbrough and other districts where} the ores are high in
phosphorus, and where only these local ores} are used.

From the various analyses given in they tables, it will be seen
that in the Scotch brands the phosphoriis varies from ‘94 to
1-00 per cent., whereas in Middlesbrough{ brands phosphorus is
1:50 per cent. .

The latter proportion of 1-50 per cent.| will generally be con-
sidered in excess of that desirable, on acq. .ount of its hardening
influence, also increased shrinkage on the cq istings produced.

Phosphorus, however, may be, and is, ekwessively high in many
other brands of iron, not on account of tl{c‘ne ore from which it is
derived, but by the addition to the charge y, 5f puddler’s slag rich in
phosphorus, all of which, as already stated,; will pass into the pig
iron produced. The only reason for usirs. ag puddler’s slag is, of
course, its cheapness, the greater inducemen,ts being offered in those
districts where it is most plentifal.  Wher  the proportion to the
charge is high, an inferior quality of pig ™ yop is produced, known
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as cinder iron, the objectionable characteristics of which are chiefly
due to the excess of phosphorus.

Although the presence of phosphorus has a hardening effect on
pig iron, it will generally be found that it causes increased fluidity,
by reason of which otherwise inferior iron will be found quite
suitable for such purposes as ornamental casting, in which strength
may be of secondary importance.

Manganese, like phosphorus, is derived from the ores of iron,
in which it is always present, although in proportions varying
considerably. As an evidence of this we have the following
abstract from the analysis given in pages 12 and 14 :—

Eglington iron (Scotch), from 2-11 per cent. in No. 1to 1-74 per cent. in
No. 4 grades.

Clarence iron (English), from -60 per cent. in No. 1 to 56 per cent. in
No. 4 grades.

Alabama iron (American), from ‘36 per cent. in No. 1 to 34 per cent.

in No. 3 grades.

The amount of manganese taken up in the iron during the
smelting process is dependent on the degree of temperature. Its
presence often produces a characteristic softness in a brand of iron
which otherwise would be comparatively hard, due, it is considered,
to the combination of the manganese with each of the other
elements as they combine with the iron. Manganese, again, has
a softening effect by reason of its great affinity for sulphur, with
which it combines during the melting process, so as to form a
comparatively light fluid compound which is carried off as a portion
of the slag, thus diminishing the amount of sulphur left behind
to combine with the iron, the presence of which it has already
been seen is 80 undesirable. Manganese also effects the removal of
blow-holes in & casting by its reducing influence on gases containing
oxygen, so as to form manganic oxide ; as, for example, the reduc-
tion of carbonic oxide present in the molten iron.

In addition to the various elements referred to in the fore-
going, cast iron may also contain either of the following : arsenic,
chromium, tin, copper, titanium, the effects produced by the addition
of which, although not very important, are briefly indicated in the
following : —

Chromium does not readily combine with iron, which it causes
to be excessively hard.
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Arsenicimparts a fine white colour to iron, but makes it brittle.

Gold combines very readily with iron; it serves as a solder for
small iron castings, such as breast-pins and similar articles.

Stlver does not unite well with iron, but a little may be alloyed
with it; it causes iron to be very bard and brittle. The alloy is
very liable to corrosion.

Copper, if alloyed with iron, is not regarded as a homogeneous
compound, but a small quantity of iron added to brass increases its
tensile strength.

Tén, with iron, makes a hard but beautiful alloy, and can be
mixed in any given proportions, which, if nearly half-and-half,
assumes a fine white colour, with the hardness and lustre of steel.

Aluminium as a metal is not found in nature, but may be
derived from every variety of clay, in which it exists as oxide of
aluminium, ie. “alumina.” Clay being a common constituent of
iron ores, one might expect in such cases that, during the process
of reduction in the blast furnace, aluminium would be taken up to
some extent, and appear along with the various other elements
usually present in pig iron. This, however, is not the case, and
instead of aluminium forming one of the natural constituents, it
must be subsequently added in the metallic form when considered
desirable.

Two methods of adding aluminium are usually adopted. The
one, by reason of its comparatively low melting-point of 1500
degrees Fabr., is simply to add it to the molten metal after it is
run into the ladle, and afterwards stirring or mixing by means of
an iron rod or feeder. The other method is that of forming a
composition of aluminium and iron, called ferro-aluminium, which,
on account of its higher melting point, is generally placed at the
bottom of the ladle before the molten metal is poured into it.

In the case of pure aluminium being added, from 1 to 1} oz.
per cwt. of cast metal is required to produce certain changes.
And when ferro-aluminium is used, from 2} to 4 ozs. are considered
necessary.

By addition of aluminium as deseribed, the cost of production
is increased by about 2s. 6d. to 3s. per ton; this for castings
otherwise expensive, may not appear much. But when the daily
tonnage of casting is great, this item of extra cost reaches amounts
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which require considerable proof as to the merits of aluminium
before adopting it generally.

In such cases the founder will be most particular in his in-
quiries or investigations as to the various points of merit claimed
for aluminium, some of which are as follows :—

L. 1t makes the molten metal more fluid.

2. It makes the castings sharper and smoother.

3. It eliminates the blow-holes, and makes the castings sound
and uniform in texture.

4. It makes the castings a little stronger.

That aluminium, added to cast metal, will produce in castings
the foregoing desirable results, there seem to be differences of
opinion, and this fact in itself indicates that its merits in many
instances are not very marked.

One property of aluminium when added to cast metal is, how-
ever, quite apparent, and that is its effect in producing greater
fluidity of the metal, so that it takes longer to set, making it
correspondingly valuable in cases where the moulds to be cast are
situated at a distance, where, without the addition of aluminium, a
higher proportion of bad castings would result through dull
metal ; or it may be to save a considerable proportion of the metal
being returned and emptied out as too dull, causing delay and
consequent loss, as well as the cost of remelting.

The effect on the surface appearance of the molten metal
thus treated is also very marked, the change being suggestive of in-
creased temperature, supposed at one time to take place owing to the
recombination of the aluminium with oxygen present in the metal.

Increased fluidity, as indicated in the foregoing, will certainly
be favourable to the production of sound castings, owing to the
increased freedom for the escape of gases. Aluminium will no
doubt reduce the presence of blow-holes in breaking up any
carbonic oxide gas present, by forming oxide of aluminium, the
result of which will be an increase in the carbon in combination
with the iron.

When aluminium is added to the molten metal as indicated,
before it becomes mixed it may be seen at the surface, by reason
of its change to a white heat, due to the heat of chemical union,
which at one time gave rise to the idea that the increased fluidity
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was due to increased temperature. This, however, will be seen is
not the case, when it is considered that the total heat due to the
chemical union of oxygen with all the aluminium added (even if
the oxygen required were present) is sufficient only to raise the
temperature of the whole something like 22° Fahr. Such an
increase, considering the high temperatures to be dealt with,
viz. 2786° Fahr. for cast-iron molten, would not be worth con-
sideration.

Total heat due to chemical union of one pound of aluminium
with oxygen is taken at 1200 British thermal units, and the
specific heat of molten metal -25.

Ferro-Silicon.—S8ilicon, although it is always present in pig
iron, as indicated in the tables of analyses given. Some pig irons
are quite unsuitable for certain classes of casting on account of
their extreme hardness, and other properties characteristic of low
silicon, and usually referred to as low-grade iron. The amount of
silicon in a casting may be too low, owing to an excess in the pro-
portion of hard scrap added to the cupola charge. In such cases
silicon may be added in the form of ferro-silicon, in the manner
already described for ferro-aluminum. The composition of ferro-
silicon manufactured at the Govan Iron Works, and suitable for
foundry purposes, is as follows :—

Iron .. .. .. .. .. .. 8316 percent.
Graphitic carbon e e <52 »
Combined ,, .. .. .. .. 1-84 "
Sulpbur .. .. . L L 03 »
Silicon o e e e .. 10-55 .
Manganese .. .. .. .. .. 3'86 »
Phosphorus .. .. .. .. .. <04 »
100°00

Here the silicon is shown to be 10-55 per cent., so that when
10 per cent. of ferro-silicon is added to the cupola charge, the
metal produced will contain, approximately, 1 per cent. more
silicon than if no ferro-silicon had been added.

As indicating the importance of silicon in the production of
castings, some authorities have suggested that the different propor-
tions ascertained would enable the founder to determine the quality
of his pig iron according to the percentage silicon, instead of relying
on the appearance of fracture, which, as alrcady stated, was too often
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misleading. In support of this theory we have the results of
W. J. Keep's experiments, a3 plotted out by him in Fig. 2. By

Fia. 2.

means of these curves he shows that a well-defined relation exists
between the amount of contraction in a test bar, and the percentage
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of silicon it contains. So that the shrinkage of a test bar, when
carefully measured, will give a fair idea of the percentage silicon.
By the latter method it is claimed that the accuracy will compare
favourably with even the most perfect, but in many cases incon-
venient and expensive, method by analysis.

The curves in this diagram, it should be stated, are more even
than could be obtained by actual experiment. They represent,
however, the characteristic changes due to variations in size of
bars and percentage of silicon, as indicated by repeated experi-
ments which Mr. Keep suggests every founder should make for
himself, so that the results in each case would be free from differ-
ences due to differences in the working conditions.

The above diagram also shows how the properties of the metal
in a casting are dependent on its thickness, as indicated by differ-
ences in the amount of shrinkage due to variations in the rate of
cooling : showing that lower grades of iron may be used for heavy
castings with thick metal, than that required for small thin cast-
ings, and the resultant quality of metal in each case be practically
the same as regards softness and general suitability for castings to
be machined.

ExpansioN AND ConTRACTION OF Cast IRON.

That cast iron contracts and becomes smaller than the pattern
from which its mould was made is well known, to allow for which
patterns are always made a certain amount larger. But that cast
iron expands during the cooling, or period of solidification, although
asserted by some, has not hitherto been accepted as certain by
many. It has been suggested that the general sharpness of cast-
ings could not be obtained, were it not for expansion causing the
metal to fill the mould more completely. Some others have under-
taken experiments to ascertain the behaviour of cast iron, from the
moment it is run into the mould until it has become solid and cooled
down to the normal temperature, and although such experiments
have often led the authors to the conclusion that iron did expand,
their proofs were as often considered unsatisfactory by others.

The latest particulars regarding this point which have come
before the writer's notice, are those derived from the separate
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experiments made by T. D. West and W. J. Keep, both of America.
The recording instruments were in each case somewhat similar in
principle, and the recording pointers made to cover a distance
10-66 times greater than the actual variations which took place in
the length of test bar when cooling or expanding. In other respects
every care seems to have been taken to obtain reliable results.

Fig. 3 is a diagram showing various results obtained 1
Mr. West, in which the first eight tests have special referenc”e to
the influence of increased sulphur, and the remainder to tbe/ influ-
ence of thickness of metal in determining the amount of e;‘PﬂﬂSlOll

and final contraction in cast iron. N
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In these tests the variations in i sulphur were produced by the
addition of brimstone to a second Ladle, into which the remainder
of the metal from each cast was pouxed and then stirred up so
that it was thoroughly mixed. Test bary” obtained in this manner
from each cast gave the results represeyated in each alternate or
second test shown : viz. tests Nos. 2, 4, §6 and 8.

From the first series of tests up tof No. 8, it is clearly shown
that increased sulphur will influence thy> amount of expansion and
contraction of cast iron, but to an ext{ent which seems at first to
be not altogether in line with the thfory of W. J. Keep, already
referred to in page 25, Fig. 2. It w.1ll be observed, however, that
in these latter tests, shown in Fig- 3, the percentage of sulphur
present is far in excess of that which is usually found in pig iron ;
and, as shown in page 13, where t}e maximum is ‘10 per cent., a8
compared with *306 per cent. ‘= the latter tests.
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Generally speaking, these first eight teats confirm what has
already been said regarding sulphur and its influence to lower the
grade, increase the hardness and contraction of cast iron; while
the latter tests indicate the effects of variations in thickness of
metal in determining the amount of shrinkage, and these confirm
the results shown in Fig. 2, page 29.

Test No. 9 in Fig. 3 gives an interesting example of increased
con'taction caused by preventing the natural expansion taking
place, as compared with Test No. 10, in which a similar bar was
free to «xpand. The condition suggested in Test No. 9, it will be
observed,’s the same as that of a casting in an iron chill mould, and
indicates tuat such castings are subjected to increased internal
stresses, and trerefore more liable to crack in the cooling than cast-
ings produced 1\ sand moulds.

In addition t. the properties indicated in the foregoing diagram,
Mr. Keep, by takug into account the element of time, has been
able to point out sevral other impoitant features regarding the
physical changes whicL take place in a casting from the moment it
is poured until it has berome solid and cooled down to its normal
temperature, some of wh-:h are represented in Fig. 4. In this
diagram it is shown that cist iron not only does expand, but that
the amount of expansion vaies in such a manner as to suggest
three distinct periods, referrew. to by Mr. Keep as the first, second
and third expansions; the anount and duration of each being
represented by those portions of the curve which rise above the
line A B, all points on whia'line correspond to the length of
pattern or initial length of #e test bar; the contraction is there-
fore represented by that {brtion of the curve falling below the
line A B. :

By a carefully arranged set of eighteen test bars, also repre-
sented in Fig. 4, which we) cast at the same moment and from
the same ladle of metal as fat which cast the test bar in commu-
nication with the recordinginstrument, from which the curves
shown in the diagram were B‘m'ned, it was possible to observe the

various changes in the appearar of fracture or physical condition
of the metal from time to time each of which conditions would
correspond exactly with the stat%)r condition of the other standard
test bar, which was fixed in the IW instrument. In addition

f
A}

1
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to these observations, a portion of each bar at the same moment
it was withdrawn from the sand was plunged into ice-cold water,
in order to arrest the further development or rearrangement of

Fia. 4.

crystals. By thus cooling each test bar, all of which were after-
wards analysed, the following changes in the proportion of com-
bined carbon were observed :—

No. 1 test bar at 1} minute after casting contained -60 per cent.
combined carbon.

No. 8 test bar at 9 minutes after casting contained 45 per cent.
combined carbon.

No. 13 test bar ut 14 minutes after casting contained ‘06 per cent.
combined ecarbon.

from which it should be noted that no marked change in the
amount of combined carbon took place until 14 minutes after the
metal was poured into the mould. Comparing this change with
the corresponding period in the curve formation, it will be seen
that the marked fall in the amount of combined carbon takes
place during the period of third expaneion. This fall in the
amount of combined carbon will cause a corresponding increase in
the amount of graphitic carbon, which should cause the metal to be
softer and tougher ; and this has been verified in these experiments
by the failure in attempting to bore the test bars from No. 1 to
No. 8, which were cooled earlier and in the order stated. Those
bars, however, which were withdrawn during the period of third
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expansion, i.e. No. 12 to No. 18, were found quite soft and easily
bored. These facts have suggested that to soften or anneal cast
iron it must be raised to a temperature corresponding to that of the
third expansion, during which, as has been shown, the combined
carbon becomes separated into free or graphitic carbon to such an
extent as will cause the metal thus treated to become softer.

It is also shown by these curves in relation to time, that expan-
sion does not begin until about one minute and a half from the
moment the metal is run into the mould, at which period the state
or condition of the metal was ascertained by withdrawing test bar
No. 1, which was then so red-short that it broke by its own weight ;
it was noted, however, that the metal was set throughout, and there-
fore solid before expansion began.

Another important property of cast iron observed after the
mould has been filled with metal, is the well known sinking of the
molten metal which composed the head or runner, and especially
noticeable in the case of heavy or thick metal castings such as
hydraulic cylinders. No doubt this sinking is due to the expansive
property of cast iron, referred to by West as shrinkage in contrast
to contraction, and explained as follows.

After the metal is run into a mould, that portion next to the
walls of sand is of course the first to set, and will form a shell
which at this early stage is filled with molten metal. This shell,
however, after a short period, indicated by the diagram, Fig. 4,
begins to expand, causing a corresponding increase in the capacity
of its interior, so that it requires a greater quantity of molten
metal to fill it, the difference of which is represented by the fall
or sinking of metal at the top or head, and sometimes made good
by adding the required amount in order to ensure a sound casting
throughout. For this reason, as also the necessity of maintaining
a sufficient head or pressure of metal near the top, it is necessary
to have a very large head, espccially on hydraulic cylinder castings,
which is afterwards cut off. The expense of cutting these heads,
which must be thick, has often led engineers and founders to reduce
the thickness where it has to be cut, so as to form a throat or
narrow neck. This practice, however, is sometimes carried to
excess, so that the thinned portion sets too early and shuts up, or
stops communication between the upper portion or head (which
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should have acted as a reservoir) and the casting proper, thus
defeating the object for which it was designed, with the result that
the upper portions of the casting are spongy, and unsuitable for
hydraulic purposes owing to their failure to keep in water under
pressure ; and further, if the casting referred to should happen to
have a heavy bracket or other similar formation near the top,
when broken through at the thickest part, it will most likely be
found hollow. .

Such cavities in castings, occurring as they always do at points
where the metal is thickest—as, for instance, the junction of one or
more thicknesses of metal—are due to the metal remaining longer
in a liquid state at these points, by reason of which it becomes
the last source of supply, made necessary through expansion of
the outer shell, &c., already referred to, just as in the case of the
extra head piece of thick metal, in which a similar hollow takes
place; but with the latter the cavities, &c., are removed to a point
outside of the casting proper.

Cavities may occur at different points of a large casting where
the metal is extra thick, due to the junction of metal and other
causes. At all such points, which may be anticipated by reasoning
and experience, the casting should be fed until the metal has
fairly set.

StrENGTH AND Erasticiry or Cast IroN.

The physical properties of cast iron are a subject which, when
treated in relation to various well known brands, must be of con-
siderable interest to both engineers and iron founders. The want
of such particulars in the hands of foundrymen is perhaps too
often the cause of the disposition to look unfavourably on certain
brands, even when there is no good reason.

In order to obtain more reliable information, many iron-founders
are now adopting the method of systematic testing, from which
much useful and interesting data have been obtained. The in-
creasing practice, however, of such methods is no doubt due in
a considerable degree to the increasing importance attached
to these tests by engineers, who, by reason of the failure of the
test bars to come up to the conditions specified, may reject or
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condemn castings, of the metal of which the test bar referred to is
a sample. To guarantee this it is sometimes specified that the
test bar be cast as part of the casting proper, and afterwards
broken off.

With the increasing demand for a testing machine suitable
for foundry purposes, we have the result that quite a variety of
designs are now in use. In some of these the stress is applied
by means of dead weight, and in others by means of a smaller
weight, the effect of which latter may be varied by moving it along
a lever until the desired intensity of stress on the test bar is pro-
duced.

Fig. 5 gives an illustration of a very suitable machine of the
latter type, which is neither unnecessarily heavy, complicated or
expensive, by means of which any required test may be carried
out for the transverse strength of cast iron.

Fig. 6 illustrates another form of a machine for testing the
tensile strencth of metals. This latter test is, however, not so
often speciticd, hience such muachines are not generally adopted,
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and indeed they are not so essential for testing cast iron when it
is considered that by means of the simple formula given here,
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a very accurate idea of the tensile strength is obtained from the
results derived from actual tests with transverse bars.

WL
8= T 558D = W x 7-79.
S = ultimate tensile strength of cast iron per square inch
in tons.

W = breaking load derived from a transverse test in tons.

B = breadth or thickness of transverse test bar in inches.

D = depth » 9 ” ”»

L = length between supports in inches.

1:155 = a constant derived from theoretical considerations with
reference to the varions strains and stresses occurring
in a beam or test bar of rectangular cross section
when subjected to a load transversely.

D
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In the foregoing 8 and W are both, as already stated, in
tons; W, however, may be stated either in lbs. or cwts., in which
case the value of 8 will correspondingly be derived in lbs. or cwts.

Cast iron is sometimes tested to ascertain its power to resist
compression ; this, however, is seldom done, and for such data we
will refer to the experiments by Hodgkinson, some results from
which are shown in Fig. 18, page 40.

TrsT Bars usep ror Cast IRox.

Figs. 7 to 15, page 35, illustrate the various forms of test
bars used to ascertain the strength of cast iron. Fig. 7 represents
the ordinary method of supporting a test bar loaded transversely,
the supporting edges in which are not more than % inch
broad. Fig. 8 shows another method, in which the sharp edges
are replaced by comparatively broad bearing surfaces which, by
reason of the circular bearings shown, are free to adjust them-
selves as the set of the bar changes. With this arrangement the
distance between the centres of bearing at s s corresponds to the
distance between the knife edges at s s, Fig. 7, the load being
applied through two similar bearing pieces arranged as shown,
one on each side at equal distance from the centre of bar. It is
claimed that a truer result is obtained by the latter method.

The transverse test is perhaps the best for machinery, construc-
tional, and indeed all other works in cast iron, partly because the
strains set up correspond to those most likely to occur in actual
work, and also because it gives us a means of estimating at the same
time the elasticity without the use of excessively long test bars, as
shown in the previous page.

As regards the form of cross section, it is suggested that the
round bar will give results more uniform and true on account of
its being least affected by cooling, which may cause lines of weak-
ness, as indicated by the crystalline formations illustrated and
described in Chapter II., page 58. The rectangular section,
Figs. 14 and 15, has been adopted here, however, with the idea that
it will better serve for purposes of comparison with other results
with which at present we are the most familiar in common practice,
being the size and form generally specified by engineers.
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TEST BARS USED TO ASCERTAIN STRENGTH OF CAST IRON.
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Figs. 9, 10, 11 and 12 illustrate various forms of test bars
used to ascertain the tensile strength of metals. In each of these
the size is usually 1} inch diameter and 8 inches long, and turned
all over as in Figs. 9 and 10. With cast iron, however, there is
no advantage in turning the test bar its whole length of 8 inches,
as is the case for malleable iron, steel, and other such metals,
because with cast iron the small amount of elongation in so short
a test bar could not be measured. It is therefore sufficient to turn
down a small portion at the centre, as shown in Fig. 11, allowance
being made on the casting. It should be mentioned, however, that
test bars turned down give lower results than the same size of
bar not turned, by reason of the extra strength of the original
skin of the casting in the latter. It should be further stated, that
the thicker the casting of a test bar, and consequently the more
metal required to be turned off to make the standard size, the
lower are the results obtained. The reason of this is that the
thicker a casting, other things being equal, the coarser and softer
i8 that portion at the centre ; and this has also the effect of reducing
the average strength per square inch of metal in thick castings or
test bars, as shown by the following results of experiments made
by Hodgkinson : —

Fortestbars .. .. .. .. 1linch, 2inch, and 8 inch square scction.
The average strength per sq. in.

of section varies approxi-; 100 80 77

mately as

The ball-shaped ends shown in Figs. 9 and 11 are particularly
desirable for tensile test bars of cast iron, as by means of these
ball bearings the test bar is free to align or adjust itself when
the load is applied ; whereas in the case of a test bar with ends
as shown in Fig. 10, to suit the usual grips of the biting type,
the bar is not permitted to adjust itself, in which case it may be
twisted and strained so that it breaks under a much less load than
if the stress had been properly applied. Such tests as are obtained
from bars with ends shown in Fig. 10, are therefore not so reliable
for cast iron. Fig. 12 represents a form of test bar often used to
ascertain the tensile strength of cast iron. The method of trans-
mitting the load here is by means of an ordinary shackle and pin,
the latter passing through the eye of test piece as shown ; the bear-
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ing parts, it will also be seen, are rounded off, so that the bar can
align or adjust itself. Such bars are usually small in section,
% inch square or diameter. The metal, however, as indicated by the
fracture of these, gives no idea of the strength of the same metal in
a casting in which the thickness is greater, because the small test
bar cools more rapidly, and the metal is consequently closer and
stronger. The square bar is further objectionable on account of
the irregularity in the crystalline formations already referred to.
Fig. 13,* page 35, illustrates the arrangement adopted by
Hodgkinson to ascertain the resistance of cast iron to compression.
The test piece shown at A is  inch diameter and  inch long,
additional test pieces being 1} inch long, or double the diameter in
length. The end faces of A were carefully prepared to ensure a
uniform distribution of the load, which was applied by means of

D

the plug P, turned accurately to fit the circular chamber in which
the test piece is placed. Some results as to the nature of fracture
produced in cast iron under compression to destruction are illus-
trated at A, B, C, D, Fig. 16, in which the upper and lower
figures represent the test pieces before aud after the load was
applied.

Having thus described some of the more important methods
adopted for testing the strength of cast iron, reference will now be
made to the value of such tests in determining the different pro-
perties and suitability of the various brands and grades of metal
for different kinds of work to be done.

* See Tredgold and Hodgkinson, ¢ On the Strength of Cast Iron.
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Before dealing with the less apparent differences, especially with
reference to the elasticity of cast irom, it will be interesting to
examine the different curves in Fig. 17, which have been laid down
in order to show more clearly the relative properties of cast iron,
malleable iron and mild steel, each of which examples may be
taken as representative of the different mefals referred to. By
analysis of these curves the relative value of the different metals
as regards their tenacity and elasticity are clearly shown; such
curves give also an idea of other properties, as for in<tance tough-
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A B Curve for cast iron. A C Curve for malleable iron.
A D Curve for mild steel. EL in each curve shows the elastic limit.
Fia. 17.

ness and softness, all of which properties require due consideration
in the choice of a metal for constructional work. As regards the
first two and most important properties to be observed, it will be
seen that cast iron is much inferior to malleable iron or steel, the
latter two having properties very similar to each other, and differ-
ing only in degree, in which mild steel is much superior, and at the
same time quite as easily put into shape by forging, so that it has
now replaced malleable iron to a considerable extent. Cast iron,

Ep—
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on the other hand, still continues to hold its own in the scale of
importance for two reasons: first, on account of its low cost of
production ; second, by its property of becoming liquid at a com-
paratively low temperature, at which it can be run into moulds,
and good castings produced of any conceivable form.

In cast iron the important property of elasticity is certainly not
very marked ; that it possesses such however, is clearly shown
in Fig. 18, which represents in diagrammatic form the results of
Hodgkinson’s experiments to ascertain the degree of extension and
compression of cast iron under different loads, beginning low, and
gradually increased until the breaking point was reached. Careful
obeervations were also made, and note taken, of the amount of
permanent set or recoil by removing the load before proceeding
with the next increase of load.

Tho results of these compression and tensile tests are usually
shown in two separate diagrams of different scales, but in Fig. 18
both sets of results are drawn to the same scale, and placed together
in order that the relative values of cast iron under compression and
tension may be compared more readily.

The test bars used to obtain such data were necessarily long in
order to give measureable results, their length being 10 feet, and
cross section 1 inch square.

Having thus shown that cast iron is compressible, also capable
of being extended to a measurable degree, no test should therefore
be considered complete without data regarding these properties,
either by direct measurement or other means by which they could
be estimated, as it is from such data only that we can form any
idea of the toughness and elasticity, these latter important proper-
ties being often lost sight of entirely in attempts to increase the
strength, such as by remelting cast iron, as shown in Fig. 21,
page 53.

And, indeed, it is more essential that cast iron for general en-
gineering and constructional purposes be tough and of moderate
strength, than that it has a high breaking resistance if otherwise
bard and brittle. The latter properties, along with comparative
weakness, are the usual characteristics of so-called inferior brands,
while some of the best brands of iron, although showing no better
results as regards their resistance to a dead load, are much softer
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and tougher, the latter being often mixed with the former hard
and inferior qualities, which latter alone are of little value.

To ascertain the two important properties of cast iron, as in-
dicated in Fig. 18, is practically impossible by direct measurement
of the ordinary test bars used, owing to the inappreciable amount in
8o short a length. When we consider, however, that the bending
or deflecting of a ber subjected to a transverse load is entirely due
to the extension and compression of those portions, whether above
or below the neutral axis A B, Fig. 14 (page 35), it becomes
apparent that any variation in the amount of such deflection may
be taken as sufficient data for determinirg the relative values of the
different pieces of cast iron tested as regards their properties of
elongation and compression.

When a test bar has been cast in a horizontal position, the
upper portion and surface is liable to be dirty and slightly honey-
combed, as indicated in Fig. 14, page 35; for that reason the
upper side referred to should be so placed that it will be under
compression when being tested. In this manner the results obtained
will more nearly represent the true strength of the metal without
in any instance being higher; whereas if placed with the upper
side mentioned so that it is in tension, the strength as represented
by the breaking load will most likely be much below the true
value. To obviate such tendencies to incorrect results, the test
bars are often cast in a vertical position, so that at the point
of fracture the metal will be uniform throughout.

The strength and elasticity of different brands and mixtures of
pig iron will be found to vary considerably, the cause of which
can often be traced by means of analysis showing the different
compositions. Some elements however, as already stated, have a
much greater influence in this respect than others, when all are
combined together, as in cast iron ; and as a means of ascertaining
a measure of the various influences referred to, it will be interest-
ing to note the effect of each element separately when alloyed with _ .
pure iron, as shown by the results of a series of tests made by™
Professor Arnold, and subsequently plotted out by Mr. Hatficld
in the manner shown in Fig. 19.* In theseexamples the pureiron
is alloyed respectively with about 1} per cent. of each of the fol-

* See ‘ Enginecring,’ 9th July, 1897.
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lowing elements : Carbdon, Silicon, Alumsntum, Manganese, Nickel,
Copper, Chromium, Tungsten, Arsento, Phosphorus and Sulphur.
In addition the comparative values of pure iron, cast, and also
when forged, are stated.

The latter results will show how inadequate pure iron would
be for the various requirements of the present day; its properties
resembling more nearly those of copper than what is popularly
known as iron.

Fis. 19.

In these tests it will be obs:rved that each alloy contained a
small percentage of carbon. This is no doubt due to the difficulties
in the way of producing iron entirely free of carbon. The different
effects produced by each element alone are clearly shown.

Some of these elements, however, have a more striking influence
than that indicated in the foregoing diagram, when all the others
are in combination, as in the case of cast iron. Take, for example,
the efleets of silicon a~ indicated in I'ig. 20, also IMig. 2, page 23,
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both of which diagrams have been constructed from the results of
experiments by W.J. Keep. It is here shown that increased silicon
produces an increase in strength, provided the thickness of metal is
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not more than £ inch ; beyond this increased silicon hasa weaken-
ing influence  The diagram, Fig. 20, also shows clearly how the
strength of cast iron diminishes as the thickress of metal is in-
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creased, by means of test pieces varying from } inch to 3 inches
square.

Having in the foregoing pointed out some of the more out-
standing features to be observed in cast iron generally, it will be
interesting now to note the following differences in the strength
and elasticity as obtained from test bars made from a few of the
brands of iron referred to, also mixtures of same, the metal to be
tested in each case being melted in a crucible, in order that the
composition might be unaltered, by keeping the molten metal as
free from contact with the fuel as possible.

The couditions of loading the test bars from which the follow-
ing results were obtained, are represented in Fig. 7, page 35.
The distance between supports S S is 36 inches, and the bar, as
shown, is 1 inch thick and 2 inches deep, loaded at the centre.
D represents the deflection or set at the centre, the amount of
which was registered automatically on a scale enlarged six times.
These readings, however, were checked from time to time by careful
direct measurement.

The results shown in Tables Nos. 7 to 14, pages 44 to 47,
will be of special value in enabling a comparison to be made between
the composition of cast iron, shown in Tables Nos. 1 to 5, pages
12 to 14, and the relative strength obtained therefrom.

TaBLe VII.—Scorca Pie IroN, Hor BLasT.

SumumerLEE No. 3. CoLtxess No. 3.
s’l‘enlilell Peficction S'fensﬂe
rength,
Load in Pounds. {:?ﬁg:: T:T::?-‘er' Load in Pounds. in l;ghec. ‘l‘onsgu:-
Squate Inch. Square Inch.
2350 *170 . 2250 200
2550 +195 . 2450 +233
2750 <215 . 2650 *269
2950 +235 . 2850 -805 .e
3150 =260 e 3050 +342 .
8350 -285 . B L. 3250 -3556 11-30
8550 316 .
3750 *342
3950 *375 .
4150 +402 .
B.L. 4250 *410 14-60
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TaBLE VIL—continued.

45

Garrsezreis No. 3. DarLugrLixgTON NoO. 4.
S'Leemﬂe Deflect, s"l"ensll;
Load in Pounds, | Defiection | Surength, | 104 1n Pounds, | Deflection |- Strength,
Sqm?;rch. X Square ﬁch.
2350 -230 . 2350 -210 .
2350 *265 2550 +285
2750 =300 . 2750 *260
2950 *335 . 2950 =290 .
B.L. 3070 -365 10°67 B.L. 3150 *360 10-95
TasLe VIIIL
CoLtNEes No. 3 AND GARTSHERRIE No, 3 AND
Caxwzzoz No. 1. Carxsrog No. 1, SummEerLEg No. 3,
EQUAL PArTS or Each. EQUaL PARTS OF Each.
Deflec- | Strongth Defioc- | Shrengin Deflec- | Stramat
s - | Strength, | - N
R | B (e KD |l (Tebel |
8. u
Inch. sl?nch S?nc:
2350 | -240 . 2350 | -210 . 2350 | 160 .
2550 | 270 . 2550 | -230 . 2550 | <180 .
BL.2890 | -350 (10-05 2750 | 260 . 2750 | 200
3170 | -330 . 2950 | -230 .
B.L. 3300 | ‘850 {11:03 3150 | -250
8350 | -280
3550 | -310 .
3750 | -345 .
B.L.3950 | ‘370 13-56
TasLe IX.—ExgLisa CoLp Brast P1e IroN.
"™  Inches. | Square "~ ' Inches. | Square  *““““> Inches. | Square
2350 | -195 . 2350 | -205 2350 | -250
2550 | -220 | .. 2550 | 280 2550 | -295 | ..
2750 | 245 . 2750 | -250 . 2750 | -330 .
2950 | 275 . 2950 | -275 3.L. 2950 | ‘360 |10°25
3150 | -305 . 3150 | -300 .
3350 | -335 . 31.8350 | -315 |11-03
3550 | -875
3780 | 415 .
4010 | -460 .
BL 4240 | -530 |14-74
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TasLE X.
GOLDI!DALI, BLAIBAVOI, AND Mznm.moon,
ALL nv EQuar Parrs.
Tenslle St
Load in Pounds. Deflection in Tons ;:nfq"m
2850 190 .
2550 -215 .
2750 +240 .
2050 265
3150 290 .
B.L. 8350 -320 11-65

Taste XI.—ExaLiza Pie Inox (MIDDLESBROUGH).

Crarxxce No. 8, 10 PARTs; AXD

Cragxxce. CLAYLANE No. 3, 1 PAxT,
Deflection s'{ i Deflecti s'er —th
Load td Pounds. | pefection | Genst | Load inPounds. | pefetion | Srene.
Square Inch. Square Y;ch.
2350 285 2850 <240 .
2550 270 . 2550 <275 .
2750 800 . B.L. 2820 +830 9-80
B.L. 20560 *330 10:25
TasLe XII.—AMERICAN Pi¢ IRON (ALABAMA STATE).
Tensile 8% ,
Load in Pounds. Delllnecc;l:: in 19;:; E::;é;ﬁ
2350 -235
2550 +270 .
2750 *305 .
B.L. 2950 +350 10-25

TaBLe XIII.—SOoNDRY MIXTURES.

GARTSHE4RIE No. 3, SUMMERLEE No. 3,
BLANEAVON, MEDDLKYWOOD, AND
GOLDENDALE, EQUAL PARTS OF Eacm.

CARNBROE No. 1, 12 ParTs;
SKINNINGR +VE NO. 8, 1 PART;
BessxMxr STERL SCRAP, 2°76 PAkTS.

Deflectt Sirangtn Deflection | Stemmin

ection rength, n

Load in Pounds. | {XIOCIoR | Gl | Losdin Pounds. | Defecion | Gecetty

. Square Inch. Squ:ch.

2350 *160 . 2350 ‘175 .
2550 -182 2550 +200 .
2750 *205 2750 *220 ..
2950 +230 . 2950 +240 .
8150 +250 . 3150 +260 .
3350 277 . 3350 -285 .
8550 +800 . 8550 -305 .
8750 830 . B.L. 83780 +325 13-14

B.L. 3900 -365 13-56
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TasLe XIV.
Caxxzmox No. 1, 8 Parts;
q : Cra No. 1, ¢ Parts;
s‘“’s“"'o‘:'g;“ﬁoi :;,'AIR: ARTS Bmu::;onz"ol{o. 3, IA?:R':
Defloction. | Stvengs, Deflection. | Strenttn
on ,
Load in Pounds. | ") 0000 | Tonater | Losdin Pounds. | pRITCCD | SRt
Square Y;d: Square f;ch.
2350 -215 . 2350 +225
2550 -240 . 2550 -250 ..
2750 -270 . B.L. 2750 ‘276 9-:56
B.L. 2840 -290 9-87

In these tables B. L. is the « Breaking Load.”

The tensile strength stated in each is derived from the trans-
verse breaking load by means of the formula stated on page 33.

The deflection stated is represented at D, Fig. 7, page 35.

Each of the foregoing results of transverse strength and deflec-
tion is the maximum obtained after breaking four test bars of the
same metal By an examination of the fracture it will be found
genenally that the strongest bars were close grained and finely
mottled, whereas in the case of high grade and even the lower
grades of such as the Coltness brand, the fracture is distinctly
granular throughout.

MIxTURES.

In the choice of a suitable brand or grade of pig iron, very
much depends on the purpose for which it is intended, the cost at
the same time being duly considered. In some cases, indeed. the
latter consideration is all that is necessary, such as, for instance,
metal for sash weights and other similar goods, in which weight
is the essential element.

Nos. 3 and 4 grades of the Middlesbrongh brands of pig iron,
such as Clarence, Claylane, Cleveland and Skinningrove, will be
found even by themselves quite suitable for - castings of regular
form, being therefore least affected by internal stress due to con-
traction, and also for castings in which high teénsile strength is not
considered essential. The grain of metsl from the brands referred
to is very close, and when the casting is otherwise sound there is
little fear of leakage of water due to spongyness, even when under
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considerable pressure. For this reason most of the brands will be
found suitable for hydraulic cylinder castings, care being taken to
have sufficient thickness of metal to meet any deficiency in the
strength.

In castings of spur wheels, pulleys, and other such work in which
the internal stresses are usually great owing to variations in the
rate of cooling, as described in pages 321 to 332, such brands as
those referred to will not be found so suitable when used alone as
when judiciously mixed with other softer brands and high grades,
such as, for instance, with equal parts of Coltness Nos. 1 or 3,
according to the judgment of the founder and the general character
of the castings required. By adopting different brands and mixing
as indicated, the amount of shrinkage is likely to be reduced, while
at the same time the quality of metal is tougher and more elastic,
both of which properties tend to secure the desired result, and
diminish the losses from cracking through unequal contraction, too
common when hard or inferior brands of pig iron are used. The
mixture of brands snggested will also give a metal which is softer,
and therefore more easily cut or machined, than when the Nos. 3
and 4 grades of iron referred to are used alone. This latter point
regarding machining becomes of still more importance when the
castings are small, the rate of cooling being therefore increased
and the degree of hardness correspondingly raised, so that the
cutting speeds necessary are far below what might be adopted with
suitable metal.

When it is desired to have the maximum strength along with a
minimum of weight, as, for example, the sole plate, cylinders, and
other iron castings forming parts of a marine engine, and especially
so when these are for torpedo-boat engines, the choice of suitable
pig iron becomes a very important matter indeed.

In the Clyde district the following brands and grades ar3 gene-
rally held in high favour, especially for marine engine castings.

For Steam Cylinders and Slide Valves.

Gartsherrie No. 3

Summerlee No. 3 } in equal parts.

Columns and Condensers.
Gartsherrie No. 3
Summerlee No. 3
Coltness No. 3

in equal parts.



MIXTURES OF IRON. 49

In melting different brands of iron for the first time, it is
found that the resultant metal is somewhat irregular in quality,

and to ensure that the mixture is uniform throughout, it has been

found advisable to remelt the mixtures several times; and as the
character of the metal is also changed, the number of times con-
sidered necessary will depend on the particular property of metal
required. Remelting, however, is not likely to be carried too far,
on account of the additional cost, which is something like 10s. per
ton for each melting.

The practice in some foundries with which the writer is
familiar, is to have the foregoing mixtures remelted for the third
time before it i8 run into the moulds to take up its final form.

Iron to be remelted is generally charged into the cupola early
m the day, and timed so that it can be completely run off before
the metal for foundry cast proper is required.

All metal to be remelted is cast into suitably sized pigs, and
afterwards stacked in the usual manner, taking care to note the
different quality of iron in each stack.

For torpedo-engine cylinders and valves in which the thick-
nesses of metal are reduced to the extreme limit, and the strength
of metal spedfied correspondingly high, in order that the weights
may be es lov as possible, the founder will find it necessary to
use cold blast pig iron, in addition to those already specified as
good practice for ordinary marine work.

The following mixture has hitherto been found to meet the
highest requirements :—

A zlxm cold blast * { In equal parts, all melted together
eywood ,, ° and run into pigs.
Goldendale »
B No. 3 Summerlee hot blast } In equal parts, melted together three
No. 3 Coltness " times by running into pigs.

\ The two qualities of remelted pigs, represented under classes A

and B, are then charged together into the cupola, and when melted

are again run into pigs, the latter of which is again to be remelted
before being run into the moulds.

The quality of the latter mixture is in some respects indicated

in Table No. 13, page 46, which shows it to be very strong and

lnding The fracture will naturally be found close in the grain,

f E
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yet it is not excessively hard or difficult to machine. Thus we
have all the points of merit which we can hope to obtain in one
and the same casting.

Under most conditions a mixture of several brands of iron is
stronger than the average strength of the whole, each taken by
itself. It is rare, therefore, to employ only one kind of iron in the
foundry. Generally mixtures are made varied, according to the
nature of the objects to be cast, the work to which they will be
applied, and the strains fo which they will be exposed. It is
the power of making mixtures which possess these qualities of
various kinds of iron in the casting, that forms the principal
advantage of the second fusion. The founder can thus modify
entirely at will the nature of the metal according to the exigencies
of his work, and apply to each object the quality of iron best
adapted for it.

A thorough acquaintance with the different kinds of cast irom,
and the results obtained by their mixture, constitutes one of the
qualifications of a good founder. It is, like many other things,
very difficult to acquire, and can only be the fruit of numerous
observations and a lengthened experience. :

The kinds of pig iron which should be mixed to obtain the
best results, depend very much upon the situation of the foundry,
and the qualities of iron which are most easily aa’i cheaply pro-
cured in the immediate neighbourhood ; and as the /nominal brands
of iron differ considerably in quality in various Jocalities, only a
few general considerations can be mentioned, ag in purchasing
the buyer will have to be guided mainly by his experience and the
possibilities of obtaining an article as near his requirements as his
position affords. :

If pig iron is too grey, or too spongy, it may be improved
by adding No. 3 iron, or scraps from old castings, which are
preferable.

Very black grey iron will bear an addition of 30 per cent. of
No. 3 pig or scrap. Iron which contains too little carbon is suc-
cessfully improved by adding No. 1 until the wished-for strength
and texture are obtained. Iron from different furnaces ought to
be mixed together, and if there is any possibility of obtaining iron
from different localities and different ores, it is to be preferred.
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In all cases, however, it is better to mix No. 1 of one kind
with No. 2, 3 or 4, or scrap, of another kind.

A mixture which makes a close and compact grey iron i8 the
best both for strength and economy, but in each instance proper
consideration must be given to the purposes for which the iron
i8 required, as it by no means follows that a mixture which is
excellent for one class of casting is even tolerably adapted for
another class. Thus iron which makes a sharp clear casting for
small ornamental work could not with safety be used for parts of
heavy machinery, or for beams and girders.

Iron which is a little cold short, containing a slight admixture
of phosphorus, does well for such work; whilst for railings or
balustrades, or other purposes where the iron may be subjected to
rather sudden strains, the pig should be fine grained and free
from phosphorus.

In order to obtain a metal having the utmost slipperiness of
surface, manganiferous iron is strongly recommended. For heavy
castings where great tensile strength is required, spiegeleisen
should not be used ; butif an iron is required that will be good for
tarning and boring, as in the case of steam-engine cylinders, a
manganiferous iron must be used in such proportions as will render
it most suitable for undergoing these operations. Spiegeleisen
alone does not give the right metal, as it contains from 8 to 10 per
cent. of manganese, which is too large a proportion ; 2 or 3 per
cent. of manganese is the best for giving a good slippery surface,
which will continue in the best order in working, and is
consequently well suited for horizontal, stationary and locomotive
cylinders, and for other sliding surfaces. A metal possessing great
fluidity in melting can be obtained by a mixture of North
Lincolnshire manganiferous iron with haematite and a little Scotch
pig; this gives a close metal which, though difficult to file, can
be turned and bored with facility. By the use of the simple
ingredient manganese, added in proper proportions, iron for the\,
exact character required for steam cylinders, slide valves or
motion bars, can be obtained.

While ordinary cast iron emits sparks when run from the
farnace, and often gives off occasional bubbles of gas during its
cooling, iron containing manganese evolves so much combustibl

E 2
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gas that upon the surface of the metal while flowing from the
furnace is a sheet of burning gas. While the iron is cooling the
gas is discharged in numerous jets. Iron containing manganese
retains after solidification much more hydrogen than cast iron. A
specimen of each kind of iron weighing 500 grammes (17 - 635 oz.),
heated in & vacuum to 1472° Fahr., gave off the following quantities

of gas :—
gﬁB Charooal Iron. Splegeleisen.
Carbonioc acid 06 . 0-0
Hydrogen . 12°8 27°0
Carbonic oxide .. 2-8 0-0
Nitrogen 10 25

The carburetted manganese takes up much more hydrogen than
iron carburetted to the same degree. It is seen, then, that the
presence of manganese in cast iron increases materially the occlusion
of hydrogen, and diminishes that of carbonic oxide.

When & tough, close-grained casting is required, borings and
tarnings of wrought iron are often put in the cupola along with
the broken pig. An instance of such a mixture is when a powerful
hydraulic cylinder is to be cast, for unless the metal is very fine in
the grain it will be useless for the purpose. Care and judgment
exercised in the preparation of the charge of metal for the cupola
will always bring their own reward, and substantially add to the
reputation of any foundry.

Morris Stirling had a process for making tough iron, which
consisted in putting pieces of wrought iron into cast iron and
passing them through the furnace together. Most practical iron-
founders have some particular mixtures of iron to which they
attach great importance, and with reason, for upon the judicious
union of different brands of iron the ultimate value of the casting
for its special purpose mainly depends, and as carriage is an
expensive item in dealing with so weighty a material, that which
is lightest is, other things being equal, the best iron to employ.

Tae StrENGTH OF CasT IRON A8 AFFECTED BY
ReMELTING.

. Cast iron, although sometimes comparatively weak when cast
divect from the pig, may have its strength considerably increased
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by remelting, as shown in the diagram, Fig. 21. The metal to
begin with was composed of the following : —

Carnbroe No. 1

e+« e s e 3 parts,
Skinningrove No.4 .. .. .. .. 1lpart.
BhopSerap .. & . o e o 1,

AA. kI‘:-: MeLTing

:% 5':' : : CoxrostTION.

.C.|95,

0.0.6:‘ . . No. 1 Carnbroe .. 3 parts

E.E 7'-' . . No. 4 Skinningrove 1

F.F. N . Shop Scrap .. .. 1 ,,

G'G - .

wrlll® oo o

232 « . wirw 16 pi cike FimorDiticon

Fie. 21.

The particulars given in the diagram are the result of experi-
ments by the writer, the deflection for each additional load being
carefully noted. These results clearly show that although the
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ultimate strength of the metal was gradually increased for each
additional melting, the other important factor, “deflection,” is
shown to have correspondingly decreased, the metal gradually
becoming more brittle and close in the grain, until after the ninth
melting its character was completely changed from its original
“ granular ” appearance to that of “white iron”; previous to the
Intter state the fracture of the test piece was distinctly mottlel.
It is incorrect, therefore, to say that remelting improves cast iron,
unless qualified by a statement as to the initial pro_erties of the
metal to be treated, also of the purpose for which it is required.

It may be stated here that the above remelting would have
been carried still further but for the condition of the metal in the
molten state, which had become so thick and sluggish (even at
high temperatures) that it was impossible to obtain a solid test bar,
the appearance of fracture at the latter stage being represented in
Fig. 15, page 35, although outwardly the bar appeared quite
sound.

Having thus got to the end of this series of remelting tests, so
far as the present purpose was concerned, it occurred to the writer
as & good opportunity to ascertain the effect of silicon in restoring
the quality of the metal which had become white by remelting.
For this parpose 10 per cent. of ferro-silicon was added (equal t>
1 per cent. in the casting produced), the mixture being melted
again in a crucible and cast into the form of a test bar. The
results are indicated in the diagram by a dotted line, and show
that the metal had really been brought back by the addition of
silicon to a state of comparative usefulness; as seen also from the
fracture, which was now somewhat granular although close in the
grain, but solid throughout as compared with the previous white
appearance, which was extremely hard and brittle ; also so sluggish
when in a molten state that it was quite unsuitable for foundry
purposes.

In the foregoing tests, although the breaking load after re-
melting the ninth time will be considered very high, the metal to
begin with was rather of an inferior quality. Another series of
tests was made to ascertain the effect of remelting on pig iron of
the hest and most expensive qualities, for which purpose the follow-
ing brands were mixed together in equal parts: Gartsherrie No. 8,

\

\\
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Summerlee No. 3 (Scotch hot blast), Blaneavon, Meddleywood and
Goldendale (English cold blast); each of these brands had been
previously melted once separately and afterwards in combination
before casting. The first bar of the series, of which test bars carried
a load of 3900 lbs. at the centre before breaking, with a deflec-
tion of *355 inch, which represents a tensile strength of 1356
tons per square inch, as deduced by the formule stated in page 33.
Subeequent remeltings, as in the previous tests, had the general
tendency to raise the ultimate breaking load, until after thirteen
times melting, when the maximum effect was attained. The latter
test bar sustained a load up to 5450 Ibs. at the centre before
breaking. The deflection was *31 inch, and the calculated tensile
strength by the formul® referred to, 18-95 tons per square inch.
The test bar was 1 inch by 2 inches by 36 1nches, loaded at the centre
asshown on page 35, Fig. 7. Asin the previous remelting tests,
the metal after the thirteenth test became sluggish and difficult
to run, until at the sixteenth melting it was impossible to obtain
a solid bar.

Having shown generally the nature and characteristic physical
changes brought about by remelting cast iron, the reader will now
be in a position to form an opinion on the following idess, as ex-
pressed by that great master of the founder's art, Robert Mallet,
who says:—

“Every melting mixes it up with more or less finely divided
oxides and silicates, in addition to which the earths, which are met
with in the materials of the furnace, the fuel and the flux, often get
reduced, and their bases in minute quantity alloyed with the iron.
The conjoint effect of the foreign bodies and diffused oxides is to
prevent the metal running clean in the moulds, or making sharp
sound castings; and the effect both of the diffused oxides and of
the alloy with the metals of the earthy bases, is frequently to
sensibly impair the ultimate cohesion of the cast iron.

“ These evils are masked, or rather may be occasionally masked,
by the increase of hardness, and the approach towards white cast
iron, which are produced by each successive cooling; but the
combined effect is not that of improvemeni in the metal as a -
structural material, but a deterioration; for although it is, as is
well known, a fact that the ultimate cohesion of white cast iron is
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much greater than that; of grey or darker coloured metal, its co-
efficient of extensibility at rupture is a great deal less; in other
words, the white cast iron is stronger, but not so tough.

“ For these reasons, as well as others affecting the facility and
perfection with which hard white cast iron is moulded, it is to
mislead the practical iron-founder to tell him that the oftener he
melts and casts his good pig iron, up to ‘ thirteen times’ at least,
the better it becomes. In brief, the facts are these:—1st. Every
additional melting of cast iron injures, or is likely to injure, its
quality as a structural material by the addition of foreign substances.
These reduce the value of the coefficient of resistance at rupture,
and may or may not reduce that of ultimate extension ; that is, the
metal, by remelting, becomes weaker, and may become more brittle.
2nd. Every additional cooling after melting increases the hardness,
density and coefficient of resistance at rupture of the metal as last
melted, but constantly decreases the coefficient of ultimate extension,
that is, ‘the metal by re-cooling becomes stronger, but more
brittle. The limit to these effects is found at the point where the
whole of the cast iron has passed into the state of white cast tron,
as it is produced in ‘the chill’ or in the ‘finery ingot” The
effects *are more rapid as respects the melting in proportion as
foreign bodies having more powerful affinities and in larger quan-
tities, are presented to the cast iron in the furnace; we may add
also, as the nature of these bodies shall be more or less injurious
when combined therewith ; and as respects the cooling, are more
rapid in proportion as the rate of cooling is more so. 3rd. The
conjoint effect of repeated and alternate melting and cooling thus
may or may not result in a material possessing a higher coefficient
of ultimate cohesion at rupture, but will always result in one more
brittle, and thus of less (in place of greater) structural value.
As respects the properties of the material in the iron-founder’s
view, its moulding properties are always deteriorated. 4th. If
the cast iro q{tl;lhe commencement be assumed to be very
bright grey mottldd iron, or white iron, then it is certain that
the effects of every subsequent melting, under the ordinary con-
ditions of cupola or air furnace, must prove deteriorative, and
that only.”
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CASTING DIRECT FROM THE BLAsT FURNACE

In the production of goods, such as, for instance, cast iron pipes,
in large quantities daily, the cost of remelting the pig iron becomes
an item requiring considerable attention, and to avoid the expense
of which some iron masters, carrying on an extensive foundry
business such as that referred to, have adopted the plan of tapping
their blast furnace and running the metal direct into ladles from
which the various moulds are cast, instead of running it first into
pigs. The natural result of this direct method is that the castings
produced are very irregular in quality, some of which will have
the characteristic properties of No. 1, or high grade iron, while
others will be of that quality corresponding to low grade pig iron,
just as when a bed of pig iron is cast it is found to yield iron of
different grades, necessitating the usual selecting process.

Hydraulic and town water-supply pipes composed of the higher
and softer grades, will be found during the usual hydraulic tests to
be too spongy, and sometimes burst from weakness, while those of
the lowest grades are generally so hard and brittle that they crack
readily, even during the ordinary handling at the works, and
afterwards during transit, resulting in an excessively high per-
centage of breakages and corresponding trouble ; so that, altogether,
direct-cast metal will be found unsuitable for such work.

This process of casting direct is not generally known to en-
gineers, and in such cases the iron masters, adopting the unreliable
practice referred to, often derive at once an advantage not merited
over other founders, who faithfully remelt the whole of their
metal in order that it may be thoroughly mixed and of uniform
quality throughout. Engineers, however, who have become aware
of the practice of casting direct as described, take means as far
a8 possible to prevent it; they usually also insert a special clause
in their specifications for such work, insisting that all the cast iron
used must be remelted in a cupola or other suitable remelting
farnace.

Various methods have been adopted to obtain a uniform mixture
of the metal as it leaves the blast furnace, and previous to running
it into moulds, in order to avoid the cost of remelting otherwise
necessary for foundry purposes, but these, so far as we are aware,
have not been successful.
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CHAPTER IL

ON SOME POINTS TO BE OBSERVED IN DESIGNING CASTINGS, WITH
ESPECIAL REFERENCE TO THE OCRYSTALLINE FORMATION OF
METALS.

It seems scarcely possible to exaggerate the importance in design-
ing castings, of so arranging their outlines as least to interfere
with the natural laws of crystallisation, which come into play
during the cooling of the metal.

And yet this vital point of the founder’s business has received
but comparatively little attention from scientific authorities, and
with the exception of a few able articles on the subject from
Robert Mallet, F.R.S,, and some excellent advice contained in
Professor Kerl’s ¢ Metallurgy,’ there are few works in which it is
possible to find much information.

The reason is not far to seek. Practical hard-working founders
learn from bitter and costly experience to understand what designs
are likely to result in faulty castings, and the exact points at which
they will fail. But these persons are not writers of books as a
rule. They content themselves gencrally with pointing out such
a modification in the design as will remove its objectionable
features, or send in a very high tender in order to cover all con-
tingencies in the shape of wasfers. An exception to this rule
occurred when Mr. J. M. Oubridge, of Middlesbrough, read a
thoroughly practical paper on this subject, from which a few ex-
tracts are appended.

It is of vital importance that anyone who may have to design
castings should thoroughly understand the problem, “ How does
the shape of the casting allow the lines of crystallisation to flow
so as to keep them in the most compact form, and so that the
molecules are not separated by any unnatural force ?”

T'he following remarks on crystallisation will have no reference
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either to iron or steel when it has undergone the process of either
rolling or hammering, for these so re-arrange the molecules as to
direct them from their natural flow, just as when they pass from a
liquid to a solid state. We must therefore confine our attention
to metals passing from the liquid to the solid condition by the act
of crystallisation ; and more particularly to cast iron and brass, for
it is to these that the founder has most frequently to direct his
attention and to exercise his skill. Not unfrequently the founder
gets the blame when some portion of a cast-iron structure has
failed, even when no defects are apparent to the uninitiated. It is
asserted that the founders have not put good metal in the casting,
because it has been calculated from a proper formula what quantity
of material should carry the load required. At the same time it
has not been considered in which way the lines of crystallisation
flow, nor by the addition of many excrescences to the casting, that
they may have so distorted it as to render it comparatively a very
weak thing.

Iron which has been poured into a mould, on changing from a
liquid to a solid state, becomes a mass of crystals. These crystals
are more or less irregular, but the form toward which they tend,
and which they would assume if circumstances did not prevent, is
that of a regular octahedron. This is an eight-sided figure, and
may be imagined to be formed out
of two pyramids, having their bases
together.

In Fig. 22 is a group of crystals
from pig iron, among which one has,
by the aid of favourable circum-
stances, succeeded in gaining the
natural form. Ina perfect crystal
of iron all the lines joining the opposite angles are of equal lengths
and at right angles to each other. These lines are called the axes
of the crystal.

Concerning this formation of crystals, Mallet observes: “It is
8 law of the molecular aggregation of crystalline solids that when
their particles consolidate under the influence of heat in motion,
their crystals arrange and group themselves with their principal
axes in lines perpendicuiar to the cooling or heating surfaces of

Fie. 22.
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the solid, that is, in the direction of the heat-wave in motion,
which is the direction of least pressure within the mass.

“This is true, whether in the case of heat passing from a
previously fused solid in the act of cooling and crystallising on
consolidation, or of a solid not having a crystalline structure, but
capable of assuming one upon its temperature being sufficiently
raised by heat applied to its external surface, and so passing into it.

“For example, take an ingot of sulphur, antimony, bismuth,
zinc, hard white cast iron, or other crystallisable metal or atomic
alloy, or even any binary or other compound salt or hyaloid body, as
sulphide of antimony, calomel, sal-ammoniac, various salts of baryta
and lime, chloride of silver or lead, or even organic compounds
such as camphor and spermaceti, provided they only be capable
of aggregating in a crystalline form under the influence of change
of temperature, a8 from” fusion or sublimation. If an ingot or
mass of any such body be broken when cold, the principal axis of
the crystals will always be found arranged in lines perpendicular
to the bounding planes of the mass, that is to say, in the lines of
direction in which the wave of heat has passed outwards from the
mass in the act of consolidation.”

Now, cast iron is one of those crystallising bodies which, in
consolidating, also obeys this law more or less perfectly, according
to the conditions, so that generally it may be enunciated as a fact,
that in castings the planes of crystallisation group themselves per-
pendicularly to the surface of the external contour; that is to say,
in the direction in which the heat of the fluid cast iron has passed
outward from the body in cooling and solidifying. This is because
the crystals of cast iron are always small, and are never well pro-
nounced. Their directions are seldom apparent to the eye, but
they are not the less real. Their development depends—

1. Upon the character of cast iron itself, whether or not it
contains a large quantity of chemically uncombined carbon, sus-
pended graphite, which Karsten has shown to be the case with all
cast irons that present a coarse, large-grained, sub-crystalline, dark
and graphitic, or shining spangled fracture. Such irons form in
castings of equal size the largest crystals.

2. Upon the size or mass of the casting presenting for any
given varicty of cast iron the largest and coarsest aggregation of
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crystals, but by no means the most regular arrangement of them,
which depends chiefly upon—

3. The rate at which the mass of casting has been cooled, and
the regularity with which heat has been carried off by conduction
from its surfaces to those of the mould adjacent to them ; and hence
it is that of all castings in iron, those called “ chilled "—that is to
eay, those in which the fluid iron is cast into a nearly cold and
very thick mould of cast iron, whose high conducting power carries
off the heat—present the most complete and perfect development
of crystalline structure, perpendicular to the chilled surface of the
casting. In such the crystals are often found penetrating to an
inch and a half or more into the substance of the metal clear and
well defined.

Those prevailing directions of crystalline arrangements may be
made more clear by reference to A, B and C, Fig. 23, which are

A B C

Fic. 23.

sections of a round and a square bar of any crystalline solids or of
cast iron, when the crystallisation is well developed, the circum-
stances affecting which we shall consider further on. In the round
bar the crystals are all radiating from the centre ; in the square
bar they are arranged perpendicularly to the four sides, and hence
have four lines, in the diagonals of the square, in which terminal
planes of the crystals abut or interlock, and about which the
crystallisation is always confused and irregular.

At C, Fig. 23, is a flat plate in section. The direction of the
crystalline radiation here follows the planes of the figure, with the
exception of one deviation. In it are the same diagonal lines of
weakness. The pairs of diagonals, joining the corners nearest to
each other, are joined by a long line parallel to the two long sur-
faces. This line is also a line of weakness, as the lines in which
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the crystals assemble in the systems belonging to each surface
begin at the surface, and, as the casting cools, elongate toward the
centre. When they meet in the middle they do not form con-
tinuous lines through from one surface to the other.

Castings may be made which will not show this peculiar ap-
pearance, and may not have it in any marked degree, but if such
castings are exposed to heat the crystals will change position, and
assemble in lines perpendicular to the surfaces through which the
heat entered the casting. The greater the heat the more marked
will be this peculiar structure, and the law, as before stated, applies
equally in this case, all the crystals finally assembling in lines
perpendicular to the bounding surfaces which were heated.

This can be illustrated in the following manner :—Take two
pieces of zinc which have been rolled into a sheet, and heat one
of them just below the melting point. To illustrate the point in
question, it must be remarked that rolling any metal into a sheet
elongates each crystal in a direction perpendicular to the pressure
exerted in rolling, that is, lengthwise in the sheet, and if the metal
is drawn into wire, the crystals are lengthened in the same way.
By bending the piece of zine that has not been heated, it will be
found that it is tough, and can be bent many times without break-
ing the crystals lengthwise. Take the other piece of zine that
has been exposed to heat. In it the crystals have turned round,
and have formed themselves in lines perpendicular to the surface
through which heat entered, and it will break when it is bent.
The peculiar crystalline structure is varied somewhat by the quality
of the metal used, but it depends more directly upon the amount
of heat passing out, or, in casting, upon the rapidity with which
the operation is performed.

1t may here be remarked that in casting large thin plates, such
as flooring plates, it is the practice of the founder, when they are
cast open, to cover them over with loose sand as soon as the metal
ceases to be liquid ; and then to remove the sand, so as to expose
the surface of the metal to the action of the air in a crosswise
direction, as shown at C, Iig. 23; the object in doing so is the
more rapidly to cool those portions where crystallisation is longest
in taking place. If this be not done, the plate not unfrequently
“buckles,” and thereby loses its uniform level surface, or sometimes
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it actually splits asunder. One of the difficulties founders have, is
to keep large flat plates straight, or from flying into several pieces.
Whenever, therefore, it is possible to cool them in the lines of the
weakest points, and thereby to get the metal, by rapid cooling, as
near as possible to the other parts, so much the better. This
cannot be done at all times, for it is occasionally not possible to
uncover those portions of a casting without cooling other portions,
which would thus cool too rapidly, and so cause a greater evil.
Thus it is that sometimes much judgment is needed so as to suit
the conformation of the casting, and to reduce the lines of crystal-
lisation into such forms as will in some measure avert destructive

Fie. 24.

changes. In the large circular plate, to which is attached a large
portion of a cylinder, as seen in Fig. 24, it would be most difficult
to get the entire portion to cool, and thereby crystallise in the
same ratio as the outer edge, for the heat is so much concentrated
in the centre that those portions of the mould cannot be removed
until crystallisation has almost come to rest. It is of great im-
portance that the proportions of the metal should be arranged so
as to neutralise those two divergencies, and also to reduce the
lines to & minimum. If a circular plate, 9 feet diameter, be cast
and cut from the edge to the centre, as in Fig. 25, the contraction
of the iron by crystallisation gives an opening of 1} inch. The
peutral strain upon this plate must be very great, and many such
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castings fly into pieces upon the least heat acting upon them. It
is therefore necessary to rearrange its formation so as to reduce
the crystallisation to & minimum. This can be
done by changing the form from a circle to one
of the shape seen in Fig. 24, taking off four
sides, and thus reducing the strain. This ex-
ample shows how important it is to pay strict
attention in the following out of natural laws.
If all those who have the designing for work
would give more attention to such points as
those indicated, it would be the means of saving master founders
much money and time, and the former a great deal of anxiety and
trouble.

In Fig. 26 a section is shown of a hollow cylinder in which
the arrangement of the crystals is always
towards the centre or axis of the cylinder,
whether the casting be that of a water pipe, &
gun, or & mortar.

In Fig. 27, A represents a portion of the
lower end of the cylinder of the hydraulic press,
as first made for raising the tubes of the Brit-

Fia. 26. annia Bridge, and which broke in the attempt,

the end of the cylinder having given out from

the sides, as shown at B, Fig. 27, under the severe water pressure
to which it was exposed ; that is to say, the fracture took place all

A B

Fia. 25.

Fie. 27.

round and along the plane of junction of the coterminous crystals
formed perpendicularly to the external and internal surfaces of the
bottom and of the sides of the cylinder. This proves that such
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planes of junction are planes of weakness—planes in which the

cohesion of the metal is less than in any other parts of the mass.
The particular form of the bottom of the cylinder designed by

Mr. Stephenson arose, no doubt, from a distinct appreciation of

the fact that the fracture of the part was in some way connected

with the sharp and sudden termination alluded to, though without

apparently any clear conception having

been entertained of the crystalline laws

upon which the fact depended. A new

cylinder was accordingly made, and a

section of a portion of this is repre-

sented in Fig. 28. This stood the

strain put upon it, and remained unin-

Here the principal axes of the crys-
tals are all directed to the centre. They
therefore gradually change their direction, and thus no planes of
weakness are produced. These considerations explain the general
law as applied to cast-iron artillery, and which is as follows : —
“That every abrupt change in the form_of the exterior, every
salient, and every re-entering angle, no matter how small, upon
the exterior of a cylinder, gun, or mortar, is attended with an
equally sudden change in the arrangement of the crystals of the
metal, and that every such change is accompanied with one or
more planes of weakness in the mass.”

The npatural remedy for this is to avoid all sharp angles,
allowing the metal, when possible, to flow in curved lines instead
of slmrp square corners.

In Fig. 29, A, B and C are sections of a cast-iron gun; the
former, A, is part of the breech through the * ventfield” square
to the axis of the bore, and a section near the trunnion also square
to the axis of the bore. C is the section of a reinforce ring. In
the plane of the axis of all these there are shown, in an exagger-
ated form, the direction of crystalline aggregations and the planes
of weakness resulting from it.

It will be remarked that the square projections of the  vent-
field” produce at each angle planes of weakness which, in the
case of re-entering angles, penetrate deep into the body of the gun.

F

Fic. 28.
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That these planes really do exist is evidenced by the lines of frac-
ture in burst guns, which almost always follow along the angles
of the sides of the “ ventfield.” The same may be said of hydraulic
cylinders when & boss is cast on whereto to affix the connecting
pipe and the pumps, and also in the trunnions of guns. A gun,
like every other metallic substance that fails under strain, must
fail in the weakest place, and the places of fracture and position
of these planes of weakness coincide most remarkably. The con-
clusion, therefore, seems inevitable, that, however incapable the
unaided eye may be to discover any differences in the crystalline

A

Mc

Fic. 29.

arrangements of the various parts of castings, such planes of weak-
ness do exist in the positions and from the causes pointed out.

To obviate two unfavourable conditions, it is best to cast a
cylinder or tube hollow, to suspend the core of the mould from the
top or head, insert a perforated tube down the interior of the core,
and then inject a current of cold air into the interior of the cast-
ing. In America some use water to cool such interiors; cold air
is, however, most easy of application, less dangerous, and more
effective. The fact is, that by injecting cold air down the core,
the central heat is reduced and placed on an equality with that of
the external sarface, thereby producing rapid crystallication. The
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densities of the outer and inner surfaces are also thus made uniform
with each other.

Now, as regularity of development of the crystals in cast iron
depends upon the regularity with which the melted mass cools and
the wave of heat is transmitted from the interior to its surface,
arranging the crystals in the lines of least pressure in its transit,
so the extent of development (or, what is the same thing, the size
of each crystal) depends upon the length of time during which the
process of crystalline arrangement goes on, that is to say, upon
the length of time the casting takes to cool.

The lower the temperature at which the fluid cast iron is
poured into the mould, and the more rapidly the mass is cooled
down to solidification, the closer will be the grain of the metal,
the smaller the crystals, the fewer and less injurious the planes of
weakness, and the greater the specific gravity of the casting. The
very lowest temperature at which metal can be poured, so as to fill
every cavity ‘of the mould without risk of defect, is that at which a
large casting, such as a heavy gun, a hydraulic cylinder, or a large
anvil block, ought to be produced. It is here, however, that the
difficulty of the founder begins, and especially where castings of a
complicated form are required. The point, then, is to get every
portion of the mould filled without cold shots, or collections of
impurities arising in the metal from eddies or other obstructions.
It is thus an absolute necessity to have the metal as liquid as
possible, and to get the mould filled as rapidly as it can be done.
Founders know well that accumulations of a deteriorating kind
occur with dull metal and slow running; and experience has
taught that castings are much more free from defects, both of cold
shots and impurities, by using hot metal, although the crystal-
lisation is not so perfect in heavy castings.

Irons are often melted together, having different degrees of
fusibility ; they will perhaps mix, but not combine properly with
each other.

These irons, having different melting points, will shrink un-
equally, and not having become united into one homogeneous
body, but existing separately, each one will pull the other, and, if
possible, pull completely away, causing the casting to break. No. 1
iron has a higher melting point than No. 2, made from the same

F 2
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ores ; and not only do different grades of iron shrink differently,
but of castings poured from the same metal a small casting will
shrink more than a heavy one. Excess of heat in every case,
however, increases shrinkage. The lower the melting point the
less shrinkage. Experiments show, as in the case of other alloys,
that a mixture of two brands of iron may have a lower melting
point than either of them when used separately, and, on the other
hand, a mixture of a number of brands of iron may have a higher
melting point than any one of the brands used singly. It is
generally considered that charcoal iron has a higher melting point
than coke iron. Following up the statement that of castings poured
from the same iron, the lighter shrinks more than the heavier
casting, it follows that in making a pattern no part should be
thicker than another. Of course it is not possible in practice to
adhere to this axiom. Much, however, may be done to avoid very
sudden contractions in shape. Fig. 30
is an instance of one of the worst forms
for a casting, with a thick part and a
- thin part immediately adjoining.

The thin part naturally cools first,
shrinking down to its final dimensions,
leaving the thick portion still partially
molten. When the thick portion cools, the particles next to the
thin part at A B tend to contract away from the part already cool.
This may cause the thin part to buckle out of shape, but the in-
ternal strain in any case will be such that a very slight blow will
break the casting in two.
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CHAPTER IIL

FUEL.

“ Foer, in the ordinary acceptation of the term, is carbonaceous
matter which may be in the solid, the liquid, or in the gaseous
condition, and which, in combining with oxygen, gives rise to the
phenomenon of heat.” Such is the definition of Dr. Siemens in
a valuable paper on Fuel, and the learned doctor goes on to give
the following description of its action and power.

Commonly speaking, this development of heat is accompanied
by flame, because the substance produced in combustion is gaseous.
In burning coal, for instance, on a fire-grate, the oxygen of the
atmosphere enters into combination with the solid carbon of the
coal and produces carbonic acid, a gas which enters the atmosphere
of which it forms a necessary constituent, since without it the
growth of trees and other plants would be impossible. But
combustion is not necessarily accompanied by flame, or even by
a display of intense heat. The metal magnesium burns with a
great display of light and heat, but without flame, because the
product of combustion is not a gas but a solid, viz. oxide of
magnesium. Again, metallic iron, if in a finely divided state,
ignites when exposed to the atmosphere, giving rise to the
phenomena of heat and light without flame, because the result of
combustion i8 iron oxide or rust; but the same iron, if presented
to the atmosphere in a solid condition, does not ignite, but is
nevertheless gradually converted into metallic oxide or rust as
before.

Here is then combustion without the phenomena either of
flame or light; but by careful experiment it is found that heat is
nevertheless produced, and that the amount of heat so produced
precisely equals that obtained more rapidly in exposing pulverulent
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iron to the action of oxygen. Only in the latter case the heat is
developed by slow degrees and is dispersed as soon as produced,
whereas in the former the rate of production exceeds the rate of
dispersion, and heat therefore accumulates to the extent of raising
the mass to redness. It is evident from these experiments that we
have to widen our conception, and call fael “any substance which
is capable of entering inte combination with another substance, and
which in so doing gives rise to the phenomena of heat.”

In thus defining fuel, it might appear at first sight that we
should find upon our earth a great variety, and an inexhaustible
supply of substances that might be ranged under this head ; but
a closer investigation reveals the fact that its supply is, com-
paratively speaking, extremely limited. The sun, whose beams are
the physical cause of everything that moves and lives, or that has
the power within itself of imparting life or motion on our earth, is
made perceptible to our senses in the form of heat; but it is fair to
ask, what is heat, that it should be capable of coming to us from
the sun, and being treasured up in our fuel deposits both below
and on the surface of the earth ?

Heat, according to the ¢ dynamical theory,” is motion amongst
the particles of the substance heated, which motion, when once
produced, may be changed in its direction and its nature, and thus
be converted into mechanical effect, expressible in foot-pounds or
horse-power. By intensifying this motion among the particles, it
is made evident to our visual organs by the emanation of light,
which is vibratory motion imparted by the ignited substance to the
medium separating us from the same. According to this theory,
which constitutes one of the most important advances in science of
the present century, heat, light, electricity, and chemical action are
only different manifestations of *“energy of matter,” mutually
convertible, but as indestructible as matter itself. Energy exists
in two forms, “ dynamic” or “kinetic energy,” or force manifest-
ing itself to our senses as weight in motion, as sensible heat, or
as an active electrical current; and “ potential energy,” or force
in a dormant condition. In illustration of these two forms of
energy, take the case of lifting a weight, say 11b.1 foot high. In
lifting this weight, kinetic, muscular energy has to be exercised
in overcoming the force of gravitation of the carth. The pound
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weight, when supported at the higher level to which it has been
raised, represents “ potential energy ” to the amount of one unit or
“ foot-pound.” This potential energy may be utilised in impart-
ing motion fo mechanism during its descent, whereby a unit
amount of “work” is accomplished. A pound of carbon, then,
when raised through the space of 1 foot from the earth, repre-
sents, mechanically speaking, a unit quantity of energy ; but the
same pound of carbon when separated, or, so to speak, lifted away
from oxygen, to which it has a very powerful attraction, is
capable of developing no less than 11,000,000 foot-pounds or
unit quantities of energy, whenever the barrier to their combina-
tion, namely, excessive depression of temperature, is removed ; in
other words, the mechanical energy set free in the combustion of
11b. of pure carbon, is the same as would be required to raise
11,000,000 Ibs. weight 1 foot high, or as would sustain the
work which we call a horse-power during 5 hours 33 minutes.
In burning 1 1b. of carbon in the presence of free oxygen, car-
bonic acid is produced, and 14,500 units of heat (a unit of
heat is 1 1b. of water raised through 1° Fahr.) are liberated.
Each unit of heat is convertible (as proved by the deductions of
Mayer, and the actual measurements of Joule) into 774 units of
force or mechanical energy; hence 1 lb. of carbon represents
really 14,500 x 774=11,223,000 units of potential energy. We
thus arrive at the utmost limits of work which we can ever
hope to accomplish by the combustion of 11b. of carbonaceous
matter.

The three great branches of the consumption of fuel are :—

The Production of Steam Power ;

The Domestic Hearth ; and

Metallurgical and Chemical Furnaces.

In each branch considerable waste of fuel takes place, that is to
say, that owing to defective or unskilful arrangements for the utili-
sation of the heat obtained by the combustion of fuel, nothing at
all approaching its theoretical power is produced.

Having alluded to several improvements by which saving might
be effected in the two first branches above mentioned, which we
need not here recapitulate, Dr. Siemens proceeded to consider the
Consumption of Fuel in Smelting Operations. The smelting or
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metallurgical furnace consumes about 40,000,000 of the 120,000,000
tons of the coal produced. Here is great room for improvement.
The actual quantity of fuel consumed in heating a ton of iron up to
the welding point, or in melting a ton of steel, is more in excess
of the theoretical quantity required for these purposes than is the
case with regard to the production of steam power and to domestic
consumption. Taking the specific heat of iron at -114, and the
welding heat at 2900° Fahr., it would require -114 X 2900
= 331 heat units to heat 1 Ib. of iron. A pound of pure carbon
develops 14,500 heat units, a pound of common coal, say 12,000,
and therefore one ton of coal should bring 36 tons of iron up
to the welding point.

In an ordinary reheating furnace, a ton of coal heats only 1%
ton of iron, and therefore produces only j& part of the maximum
theoretical effect. In melting 1 ton of steel in pots, 2% tons of
coke are consumed ; and, taking the melting point of steel at 3600°
Fahr., and the specific heat at - 119, it takes - 119 x 3600 = 428
heat units to melt & pound of steel; therefore taking the heat-
producing power of common coke also at 12,000 units, 1 ton of
coke ought to be able to melt 28 tons of steel. The Sheffield pot
steel-melting furnace therefore only utilises %, part of the theo-
retical heat developed in the combustion.

As the subject of fuel has still a wider field in foundry practice
than simply its relation to the melting of cast iron, some further
reference regarding the calorific values and temperatures produced
by the combustion of the various forms of fuel adopted, will be of
interest.

In dealing with such questions, the following data will be
found useful : —

SrectFic HEAT AT CONSTANT PRESSURE.

Specific Heat.
White cast iron (CI) .. .. .. .. .. -1300
Carbonic Acid (CO,) .. .. . .. .. -2164
Carbonic oxide (CO) .. .. .. .. .. 2479
Oxygen, free (0) .. .. .. .. . .. 2182
Nitrogen (N) .. .. . .. .. . .. 2440
Air, atmospheric (ON) .. .. .. .. .. +2379
Sulphurous acid (80.) .. .. .. .. .. <1553

Water O RV
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HegaT DEvELOPED BY CARBON WHEN COMPLETELY OR PARTIALLY BURNED.

1. 1 B. of carbon burned oompletaely.
form ..

2. 1. of carbon. as C’O burned com-
pletely, to form .. ..

3. 1 B. of carbon partially bnrued, w

} CO, gives off 14,500 B.T.U’s.
}co » 10,001

}co . 4,400

form ..
4. 1 . of carbonic oz;de (CO) bnrned} 4.325
completely, to form .. » ! ?
5. 1 Bb. of sxlphur burned oompletely, } 80, 4.032
to form .. ? ’ ”

The amount of heat stated in example No. 2 is derived from
the direct experimentel results stated in example No. 4, the latter,
of which requires to be multiplied by } in order to obtain the
value of 1 1b. of carbon in the form of carbonic oxide as distin-
guished from 1 lb. of carbonic oxide, which contains only §ths of
its total weight as pure carbon.

In example No. 3 the result is derived inferentially by simply
taking the difference of the results stated in Nos. 1 and 2.

In examples Nos. 2 and 3 it should be noted that, although
the quantity of oxygen combining and the weight of carbon con-
sumed are the same in both, yet the amount of heat developed in
No. 3 is much greater than that obtained as in No. 2. These
values are obtained in the following proportions :—

Units of Heat.

'I‘ohl hent obtained as in No. 2 (second stage) _ 10091 _2-288
"Total heat obtained as in No. 3 (first stage) — 4409 — 1 °

The difference of heat obtained in these two stages of com-
bustion, each of which involve the same amount of chemical
combination, is understood to be absorbed in transforming the solid
carbon into & gaseous compound during the first stage, No. 3, by
reason of which the heat represented by the difference has become
latent.

The total heat of combustion stated in example No. 1, it will
be seen, is the sum of Nos. 2 and 3, so that the relative values are
as follows : —

No. 1. No. 2. No. 3.
3-288 2-288 1-00

To fully appreciate these latter differences is all the more

important when it is considered that in many instances, such as
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cupola working, a considerable proportion of the fuel used is only
burned to form carbonic oxide (CO), as in example No. 3, at which
stage it escapes at the top of the cupola charge, where it meets
with the air required for complete combustion, as in example
No. 1. The heat developed during the latter or second stage,
represented in example No. 2, it will be seen is here unavailable, as
it is now developed in the uptake chimney away from the charge ;
and is not only useless, but becomes a source of considerable
annoyance, by reason of the excessive heat thereby to which the
furnacemen are exposed. The bluish-coloured flame usually seen
at the charging door of a cupols, is the characteristic colour of the
flame produced by the combustion of carbonic oxide.

COMPOSITION OF ATMOSPHERIC AIR.*

Oxygen .. .. .« . .. .. 20°61 percent.
Nitrogen .. .. .. . . .. 7795 »
Carbonic acid e e ee e <04 .
Aqueous vapour e ee e e 1040,
Nitric acid .. . e

Ammonia .. .. .. e .o . } Trace.
Carburetted hydrogen o« e

Sulphuretted hydrogen .. .. .. s
Sulphur dioxide.. o e } Traces in towns.

100-00

Air, however, so far as its importance in metallurgical or
foundry purposes is concerned, may be considered as simply com-
posed of oxygen and nitrogen, both of which are free or mixed
mechanically, so that no energy or heat is absorbed in separating
them during the process of combustion. The active element in
air is oxygen, the nitrogen acting as a natural diluent, its pre-
sence being absolutely necessary for the proper rate of combustion
in the various forms of animal life. Nitrogen, however, so far as
the production of heat is concerned, is absolutely useless, and may
often be a source of considerable loss and inconvenience.

The proportion of these two elements, existing in air, may be
stated as follows : —

Weight of oxygen in air _ 23 1 +2208

Weight of nitrogen in air = 77 = 3°35 = *7694°

* Jugo's * Chenistry,” p. 127,
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In 1 Ib. of air—
Oxygen  -22981h. » 8-04 oubic feet
Nitrogen = 7694 Ib. — 10-101 cubic feet’
That ise,
The volume of 1 1b. of air at 62° Fahr. = 804 4 10°101 = 13- 141 ocubio feet.

Volume and Weight of Air required for Combustion.

Lbs. Cub. fr.
of Afr.  at 62° kahr.!
11b of carbon burned to form CO, requires e o 11'6 = 152
” ” partially burned to CO requires .. 56 = 176
" a8 Co, burned to CO,, requires 56 = 176
» of sulphur burned to 8O, requires 435 = 57

Products of Completz Combustion of Carbon in Air.

11b. of carbon yields .. .. = 366 lbs. of carbonic acid (CO,)
and 8-94 1bs. of nitrogen (N)

Total weight of products .. = 12-60 lbs,,

made up as follows:—

Lbe.

Carbon .. .. .. .. . . .. 10
Oxygen.. .. .. .« .« .. .. 266
Nitrogen .. .. .. . . .. 894
12-60

TeEMPERATURE DUE TO THE CoMBUSTION OF CARBON IN AIR.

During the process of combustion, the gases formed in passing
off carry with them the total heat, which is subsequently distri-
buted throughout the various substances with which it comes in
contact, until the said products reach the normal temperature. It
will be seen, therefore, that the temperature of the products of
combustion, as they are formed, must be very high, the maximum
depending on the specific heat of the different gases of which the
products are composed, as stated in page 72, under the head of
* Specific Heat.” The maximum temperature of combustion, just
88 in the case of the calorific value of fuel, is dependent on the
conditions under which combustion takes place. The principal
conditions occurring in ordinary practice are represented in the
examples 1, 2, 3, 4, 5, page 73. To obtain still higher tempera-
tures, the air necessary for combustion is heated previous to its
entering the combustion chamber, and in such cases it is known as
hot blast.

Having thus briefly considered the theorotical bearings of the
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subject of fuel, let us now see what are the practical conditions of
the fuels adapted for our purposes.

Table X'V. gives several analyses of good coals for metallurgical
purposes: No. 1 is of a coal which is coked in the neighbourhood of
Pontypool ; No. 2 is of a Newcastle coal from Redheugh Colliery ;
No. 3 is also from the Newcastle district; No. 4 is Scotch, and
has been employed at Gartsherrie ; Nos. 5 and 6 are anthracites
from South Wales.

TasLe XV.—ANALYSES OF COAL.

—_ 1 2 8 4 5 (-]
Carbon .. .. .. | 804 | 84:57 780 775 92-62 91°5
Hydrogen e 57 475 78 50 3-95 3-5
. . . . . with o
Nitrogen .. .. ..| 12 | 115 | 16 | 15 {oxygen} 03
Sulphur .. .. .. 09 0:60 1-6 05 trace 06
Oxygen .. .. .. 53 5-22 2:8 9-1 2:72 2:6
Ash and water.. .. 65 37 82 6-4 0-73 1-5

The applicability of any coal to a particular metallurgical pur-
pose must depend upon a careful examination of its action when
burning, physical characters, and some such analysis as those that
are given in the above examples.

A primary condition which any kind of coal must fuifil to
render it fit for employment in iron manufacture—whatever its
qualities may be in other respects—is that it shall be free from
sulphur. The presence of sulphur in iron is very deleterious to its
quality, producing that state of its constituted particles which is
technically known as “red-shortness.” Hence the fuel employed
in its manufacture must not be capable of communicating this
substance to it. It is mainly for this reason that wood charcoal is
employed when iron of an unusually tough character is required.
All coals contain sulphur; the purest from 4 to 1 per cent.; the
most impure, 3 and even more per cent. When the proportion
exceeds 1} per cent., the coal becomes unfit in its raw state for
metallurgical purposes. Tbus the visible presence of iron pyrites
will at onco show the unsuitable character of the coal.
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When a given specimen of the coal has been proved to fulfil

this primary condition of freedom from sulphur, it remains to test
its other qualities which may render it a good metallurgical coal.
The calorific power of a coal is, a8 we have shown, proportional to
the amount of carbon it contains. The proportion of ash repre-
sents so much loss of heat, besides the inconvenience which the
presence of such matter occasions. A greater loss is due to the
quantity of water present, for not only does the water constitute a
negative loss proportionate to its amount, but a positive loss equal
in amount to the quantity of heat abstracted to evaporate the water.
Thus, a large proportion of either ash or of moisture, or of both,
tends to render a coal unsuitable. In metallurgical operations
intense local heat is required, and hence the cosl employed must
contain a very large proportion of carbon. This condition excludes
the flaming and the fuliginous varieties of the bituminous, and
those of the gaseous classes altogether in their raw state. The
anthracitous and the semi-bituminous classes, therefore, with the
clear-burning varieties of the bituminous class, can alone be con-
sidered applicable to this use. The two former classes also possess
two other qualities which are required in the cupola, but which are
ot found in bituminous coal, namely, strength and freedom from
8 liability to cake. The great weight of the charge would crush a
tender coal to powder, and an agglomeration of the mass would
seriously impede the draught. The variety which best fulfils all
these conditions is anthracite, but it possesses defects which go far
to render it unsuitable. Though very strong naturally, it may
be reduced by decrepitation in the furnace to the state to which
the weakest is brought by pressure. It moreover requires, on
account of its difficult combustion, a high-pressure hot-blast, and a
special construction of the furnace, to avoid a slow descent of the
charges, and a consequent loss in the quantity of the metal pro-
duced. In consequence of these defects, anthracite is not largely
employed where more suitable varieties are easily procurable.
Such varieties are those of the anthracitous and many of the semi-
bituminous classes.

The defects possessed by coals of the bituminous class may be

removed by coking. This process expels the volatile matters, and
leaves as a residue the carbon and the ash. In this state, that is
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when converted into coke, provided the conditions of freedom from
sulphur and a large proportion of ash be fulfilled, clear burning
coals of the bituminous class are more suitable for metallurgical
purposes than those of the anthracitous and semi-bituminous
classes, and they are very largely employed. In coke, carbon
attains its maximum proportions, and the hardness and the strength
of the combustible their maxilnum degree. Another advantage of
converting bituminous coal into coke is, that it allows the small
coal, which, as such, is nearly worthless, to be utilised. Coals of
this class do not all coke with equal readiness, nor is the coke
obtained from them of equal quality. Some varieties require a
quick heat to produce the best results, while some others will not
coke at all after some days’ exposure to the atmosphere. These
peculiarities demand careful attention. One important gain from
the process of coking consists in the removal of the sulphur present,
thereby enabling a coal to be utilised for metallurgical purposes
that would be otherwise unfit for that use. Coke, to be suitable
for the furnace, besides freedom from sulphur and ash, must possess
the qualities of hardness, compactness, and strength to withstand
considerable crushing force; that which is brittle, or liable to
crumble and form dust, is useless for the purpose. It is also of
little value unless it can be obtained in large prismatic pieces.
Hence good coke, on cooling, should split into such pieces, some-
what in the manner of columnar basalt. Its colour should be steel-
grey, almost approaching to a silvery whiteness. An iridescent
hue indicates the presence of sulphur. When struck it should
emit a clear and almost metallic ring. Frequently a large pro-
portion of moisture is imparted to coke by the thoughtless way in
which the extinction is conducted by the burners. By the appli-
cation of large quantities of water, evils are entailed of the first
magnitude in the economical working of the furnace. Coke is the
common fuel for the cupola in countries where semi-bituminous
coal is abundant, while in others, such as the United States, in
which anthracite is the prevailing coal, this is largely employed.

Charcoal, being expensive on first cost, is but seldom used, and
that only in isolated districts where wood is of extreme abundance
and easy carriage.

The earlier processes, by means of which coke was derived from
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coal, were naturally developments of the methods then adopted in
the production of charcoal from wood. These latter generally
consisted of simply building the branches of wood on end to form
a pile, as shown in Fig. 81, taking care to leave a clear space up
through the centre for the escape of the products of combustion
and distillation. The more modern processes for making coke,
however, are much more carefully carried out, especially as regards
the preliminary treatment of the coal. In these the coal, if not
already small, is crushed or ground to a suitable fineness, and then
passed through an elaborate but well arranged washing machine,
in order to remove all dirt or other foreign matter as far as possible
It is then passed through an additional grinding process, by means

Fie. 31.

of which the coal is reduced to a coarse powder, in which state it
is now ready for charging into the ovens.

Coke ovens now in use are of various forms, including those of
the Bechive, Appolt and Coppee systems, the earliest of which is
that of the Beehive type, as shown in Fig. 32, its name being de-
rived from the shape, which resembles that of the beehive proper.
The Bechive oven is now considered by many to bea primitive and
wasteful process, as compared with others of the more modern
systems referred to; it is, however, still extensively adopted, and
indeed almost universally so, by the manufacturers of coke in
Scotland, owing to the simplicity of construction and the high
quality of coke obtained by it. The construction and dimensions
of these ovens at present in use, suitable for a charge of 4} tons of
ground coal, are shown in Fig. 32. The Beehive ovens, it will be
seen, are built back to back, so as to form a double row or battery,
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the charging doors for which are arranged along the outer walls.
When the oven has been eharged with ground coal, & brick par-
tition, B.P. is then built against it as shown, taking care to leave
sufficient space between it and the door proper, through which the
necessary air for combustion of the gases must pass, and is directed
to a point above the charge of coal, so that the gases only may be
consumed, and as little of the coal or coke as possible, the latter of
which means a corresponding reduction in the percentage of coke
produced.

The air supply in this process is maintained by natural
draught, the inlet for which is arranged at the bottom edge of
door, where a space A I of about 4 inch wide is provided right
across the sill.

Soon after the charge is lit at the top and the fixing of door
CD is completed, the volatile constituents of the fuel begin to
escape, the combustion of which with a regulated air supply
through the opening A I, maintains the heat necessary for com-
plete distillation. This latter stage is indicated by the reduction
in the amount of flame seen during the earlier periods of the coking
process, as represented in the left-hand oven of Iig. 32. These
observations are made by means of small holes S H pierced through
the doors, and afterwards stopped up with small pieces of clay or
loam. In this manneralso is the necessary variation in the supply
of air through the opening A I obtained, which oponing towards
the end of the process has become completely stopped up, as any
further supply of air would lead to loss by combustion of the coke
now produced. During this latter stage, also, the lower cast-iron
cover or lid, F C, which was removed during the earlier stage to
permit the free escape of the products of combustion and distil-
lation, is again replaced, in order to cut off connection with the
main flue, and act as a damper to arrest as far as possible any
tendency to draw air into the oven.

With the Beehive oven, the coking process takes from 70 to 80
hours before the whole of the volatile constituents have been
liberated, leaving a mass of red-hot coke or carbon ; at this point the
oven is hermetically sealed, as already stated, by replacing the lower
cast-iron lid or cover, F.C. In this condition the red-hot mass of
carbon is allowed to remain for twelve hours, during which it settles

G
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down and becomes more homogeneous and uniform in quality
throughout. This carbon or coke is now ready for drawing out, and
any extension of the settling process would only lead to combustion
and a corresponding reduction in the quantity of coke obtained.

Before drawing the charge, and in order to limit as far as possible
the exposure of the red-hot carbon to the air when the door, &c.
are removed, it is well douched with water, by means of pails, until
it is black out. In this manner the whole mass has assumed the
well-known columnar structure, represented in the right-hand
oven, Fig. 32, which facilitates its removal on to the hearth, where
it undergoes careful selection previous to being loaded into carts or
trucks for delivery. In handling the coke thus produced, a harp
or grape is used, having prongs one inch apart, so that the small
pieces of coke breeze may fall through and be left behind, as such
fine particles of fuel would be of no use in the cupola, these being
simply blown out unconsumed along with the products of com-
bustion at the top, owing to the forced draughts used ; which by
landing on the adjacent roofs, &c., become even worse than useless
by collecting in considerable quantities so as to stop up the various
rain-water conduits, which indeed often occurs even when the pre-
cautions mentioned have been taken.

With the Beehive oven, even after every precaution is taken to
regulate and cut off the air supply, there is still considerable loss
due to combustion of carbon, so that the amount of coke produced
never exceeds 60 per cent. of the weight of ground coal charged.
The incflicieney referred to is due to the dircct contact of the air
with the fuel. The Beehive process is wasteful also, by disregard-
ing the valuable products, such as tar, benzol, ammonia, &c., con-
tained in the products of distillation, an indication of the value of
which is obtained from the following figures, estimated from
results obtained in gas-works practice :— *.

From 1 ton of coal is produced

Gas of 16 candlc-power.. .. .. .. .. 10,000 cubioc fect.
Bye-products—

Tar o e ee e we e ee .. 10 gallons,

Ammonia cquivalent to .. .. .. .. 20 lbs. sulphate of ammonia. -

These compounds of hydrogen and nitrogen, of course, do not
exist in the coal as such, but are formed during the process of dis-
tillation.

* Sce notes by Jchn Jameson, in his paper on * Coke Manufacture.”
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In order to avoid combustion by direct contact of the fuel and

air, also to enable the recovery of the valuable products referred to
many different forms of ovens, such as those of the Coppee and
Appolt systems, have been designed. A typical form of the most
approved of these now in operation is illustrated in Fig. 33, which
consists of a series of long rectangular brick chambers or retorts,
set 80 that each is surronnded with a hollow combustion chamber,
partitioned off so as to convey the heating gas in a zig-zag direction
indicated by the arrows, until they reach the chimney flue. The
heat and corresponding temperature of these gases is the result of
combustion of the gases derived from the coal now undergoing the
process of coking and distillation, after the recovery of the bye-
products, and which is now returned by means of the main gas
pipe R G M shown, and, directed to the combustion chambers at
the points A I, where also the hot air for combustion is directed
to meet it. The products of distillation are carried off by means
of the uptake G O and main outlet M O, leading to the recovery
plant, and after treatment, being still of high calorific value, is
returned and utilised as described. In such cases, where it is not
considered desirable to recover the bye-products referred to, the
gases may be led direct from the retorts by way of G O to the
various combustion chambers. As regards the quality of coke pro-
duced, it is maintained by some that the coke produced in the old
Bechive oven is superior to that produced by the later improved
systems, which are said to obtain the bye-products by disregarding
to some extent the quality of coke produced ; but there does not
seem to be any good reason for such statements.

By these later improved ovens, as represented in Fig. 33, it
will be seen that the thickness of coke operated upon is much re-
duced, while in addition the working temperature is considerably
increased by means of external combustion chambers, &e., toth of
which tend to produce increased hardness, and this is borne out in
practice by the following figures derived from tests made on
samples, viz. :—

Beehive coke stood a crushing strain of 618 1bs. per square inch.

Coke by means of external firing stood a crushing strain of
1298 Ibs. per square inch.

By the latter process, also, 75 per cent. of coke is produced, as

compared with 60 per cent. with the Beehive oven,
G 2
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When coal contains less than 16 per cent. of volatile matter,
the heat derived by combustion of these products is insufficient for
complete distillation. The percentage of volatile matter, especially
in Scotch coal, is generally much higher, and in such cases there is
a surplus of heat which is usually lost by allowing it to escape up
the chimney at temperatures often as high as 2000° Fahr. To
effect a further saving in fuel, these hot gases are sometimes led
through boiler flues, and in other examples through specially con-
structed boilers without combustion chambers. By means of such
asystem it has been found that 1 lb. of water was evaporated at
100 1bs. pressure for every pound of coal charged into the ovens.

The object of coking, as already mentioned, is to get rid of the
volatile constituents of the coal and recover the essential element
for the production of heat. The physical properties of the coke
or carbon thus obtained are also essential, and are very different from
that of coal, the former being much harder and stronger, so that it
is capable of carrying heavy loads which would readily crush ordi-
nary coal to & powder. Coke, however, is much lighter than coal,
bulk for bulk, so that the carts conveying it have their sides raised
in order that they may take a reasonable load. Some founders con-
sider that the lighter the coke the better the quality, and would reject
a ooke the average sample of which when dry did not float in water.
This, although true for some qualities of coke, does not always
hold good. Some cokes, by reason of their close and compact
nature, are so heavy that they readily sink in water, while for

purposes of melting, as in a cupola, they may be as good, and even
better than some of the lighter qualities.

As indicating the change effected by the coking process, we

have the following analyses showing the composition of coal, also
that of the coke made therefrom : —

Scoteh Coal (Mecklehill Gas Coal).
Per cent.
Volatile matter (containing 38 per cent. of sulphur) .. 40-95
Elements which go to form the coke—

Carbon .. .. .. .. .. .. .. 52'48\'
Sulphur . e e e o .. 20 =5465
Ash .. oo .. 197

Water expelled at 212° Fahr. .. .. .. .. .. 4:40
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Sootch Coking Coal (Gartshore Kilsyth). Analysis published by the Makers.

Per cent.
Volatile matters (gns, oil, tar, &) .. .. 80°10
Elements retained and forming the coke—

Fixed carbon .. .. .. .. .. .. 6700

Sulpbur .. .. .. .. . . . +10} = €8°10
Ash .. .. .. o o Lo e 1-00

Water* .. o0 v ae er ee e ee ee e 1-80

10000

68-1 per cent. = 13 cwis. 2 grs. 11} 1bs. = 136 cwts. of coke
produced from one ton of coal, which coke when dried will give
the following analysis, approximately : —

Fixed carbon .. .. .. .. .. 67.00 = 98-383
Sulphur .. .. .. . L L 10 = *147
Ash .. .. . . . . . 100 = 1-470

100°000

If, however, it is desired to know the composition of the various
cokes placed on the market, with a view to making a purchase, it
will be found much more reliable to obtain independent analyses
of those under consideration from suitable samples, also chosen
independently, as the analyses usually published by the makers are
obtained from samples no doubt carefully chosen, in order that the
results may be the more favourable.

For the reasons just stated, the following analyses were ob-
tained from samples of cokes by different makers as supplied to
the works with which the writer is connected, all of which were
considered of good quality, and quite representative of the best
Scotch cokes made in and around Glasgow :—

Combustible Portion or Carbon in each
Sample No. 1. Sample of Coke, as under.
Moisture .. .. *55 per cent.
- Ash .. .. .. 1290
' Sulphur PO *74 .
\ 1419, (100 — 14°19) = 5-81 per cent.
Sa‘\mple No 2.
\ Moisture «e .« 1+40 per cent.
‘Ash .. .. . T25
' Sulphur v 52,

9-17 " (100 — 9-17) = 9083 per cent.
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Combustible Portion or Carbon in each
Sample .No. 3. Sample of Coke, as under.
Moisture e e *50 per oent.

Ash e e .. 660
Sulphur o e 98

8:03 ”» (100 — 8-03) = 91-97 per cent.

”

”

Sample No. 4.
Moisture e *15 per cent.
Ash o ee .o 11’10,
Sulphar e .. 104,

12:29  ,, (100 — 12-29) = 87-71 por cent.

Sample No. 5 (dried).
Moisture .. .. 0°00 per cent.
Ash e .. .. 10°80
Sulphur e .. 120 .

12-00 ,, (100 — 12-00) = 88 00 per cent.

The coke represented by examples Nos. 2 and 3 give the best
results as regards the heating constituents. No. 2, however, may
be considered the better of the two by reason of its lower per-
centage of sulphur.

As compared with the results of analyses usually published
by makers, these latter would be considered comparatively poor,
although, as already stated, they represent coke which in actual
cupola practice gave good results. Another evidence of the quality
was their high market value, and especially so in the case of the
coke represented by example No. 2, the superiority of which was
also verified, as shown by the analysis stated.

Gas coke being a bye-product in the manufacture of gas, it is
placed on the market in large quantities, which at times are not
easily disposed of, and in order to obtain an additional outlet it
has often been suggested for foundry purposes. The following
analysis is from a sample of coke produced at the Glasgow Gas
Works :—

Moisture we e 17°1 per ocnt.

Ash e ee e 2475,
Salpbur.. .. .. 60, Combustible Matter.
42-45 ,, (100 — 42-45) = 57°55 per cent.

The moisture here is high, but the amount, it will be seen, is
apart from the question of the quality of coke, as it may often be
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due to prolonged exposure in wet weather, which, of course, will
apply to the good as well as inferior qualities of coke.
Gas coke is, however, quite unsuitable for remelting pig iron in
a cupola, on account of the excessive proportions of incombustible
. matter of which the ash formed consists, the effect of which is to
netard the rate of combustion, and consequently lower the working
temperature. The quantity of slag produced is also increased in
proportion to the ash-forming quality of the coke used, and this,
along with the dulness or low working temperatures produced, will
lead ultimately to the choking of the furnace by the formation of
large masses of dull iron and slag, with pieces of coke throughout,
forming a scaffold round the tuyeres, such as that shown in Fig.
47, page 121. Gas coke, however, may be found quite suitable for
such purposes as core drying stoves, where high temperatures are
objectionable, and instead of which a steady but comparatively low
heat is required.

Gaseous FueL.

The idea of transforming solid fuel into the gaseous form
was suggested and successfully carried out by M. Ebelmen in 1842,
but it was not until 1856, when Dr. Siemens had introduced
his regenerative system, that the merits of gas as a fuel were
thoroughly appreciated. By means of these modifications it was
now possible to obtain the highest temperatures required for the
manufacture of soft steel, and various other metallurgical opera-
tions, at the same time utilising or regenerating heat which would
otherwise be lost. Apart, however, from the power of obtaining
these higher temperatures, the use of gaseous fuel is now recognised
to have many advantages.

The application most important to us at present is that for
the various heating and drying processes which of late years have
become so general in the larger foundries, and especially in those
where the work is more or less duplicated, and turned out in large
quantities daily from dry sand moulds, and in which the efficiency
of the system for drying moulds and cores has a great deal to do
with the success and progress of the work generally.

To transform or produce combustible gas from the solid fuel a
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separate chamber is necessary, an early form of which is shown in
Fig. 34, built below and in front so that it communicates directly
with the combustion chamber or ordinary fire-place, thus neces-
sitating a separatc producer for each furnace. This arrangement,
although permitting of a high calorific efficiency by utilising the
heat of partial combustion from C to C O which is developed in
the producer, has other apparent disadvantages, so that in many
instances the gas is made in a separate producer of much larger
dimensions, capable of generating sufficient gas to supply several

Fie. 84.

furnaces or fires, and placed at a distance in any convenient posi-
tion, the combustible gas being conveyed therefrom by means
of metal pipes or brick conduits of suitable dimensions, with the
necessary branches and valves to supply the various furnaces, stove
fires or other heating chambers throughout the works, all together
or independently.

Gas producers may be designed to utilise different qualities of
solid fuel, and in practice the various types have to deal with fuel
ranging from the bituminous to the non-bituminous or anthracite
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qualities; gas coke being also frequently used, especially when
the producers are situated near to a gas works, where it is plen-
tiful, and generally correspondingly cheap.

In some of the earlier processes the partial combustion, and
subsequent production of the combustible gas—carbonic oxide
(CO)—was maintained by the injection of air only, either by
natural or forced draught; the latter being more especially neces-
sary when dealing with anthracite coal or gas coke fuel referred to.
The free oxygen of the air in either case (given suitable conditions
of temperature) combines with the carbon of the fuel to form, in
the first instance, carbonic acid gas (CO,), which is subsequently
transformed by the addition of carbon (as it passes up through the
red-hot fuel in the producer) into carbonic oxide, thus (CO; + C)
= 2C0O. Gas produced with air only, as described, contains only
about 30 per cent. of combustible, the remaining portion consist-
ing chiefly of nitrogen gas, which forms the major part of our
atmosphere, and acts here only as a diluent (see page 74), which,
although absolutely necessary for the proper rate of combustion
in animal life, is more often undesirable in metallurgical operations,
especially when it is necessary to obtain high temperatures along
with & high calorific efficiency.

It will be seen that, in addition to the production of & combus-
tible gas CO in the manner described, there is also a considerable
amount of heat developed by the partial combustion referred to. This
heat being sensible, as indicated by the high temperature (about
1000° F.) at which the gas in such cases may leave the producer,
is undesirable for practical reasons, such as the loss in efficiency
due to cooling effects during the process of distribution, which
will, of course, increase in proportion to the distance, &c., of the
producer from the various combustion chambers.

In order to reduce such losses, and also the wear and tear, it is
now the usual practice to inject a certain amount of steam along
with the air. The first effect of the steam as it enters the red-
hot fuel in the producer is to lower the temperature of the latter;
and the amount of heat, measured by the fall in temperature,
represents the energy spent in separating or dissociating the two
elements (hydrogen and oxygen) previously existing in the form
of steam (1,0). The oxygen thus separated, by reason of its

\
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greater affinity for the adjacent carbon at the normal working tem-
peratures, sets free a corresponding volume of hydrogen, which
latter is carried up through the fuel, and ultimately passes off
mechanically, mixed with the carbonic oxide (CO) and other pro-
ducts. This hydrogen will therefore form an additional source
of heat to that of the other gases referred to, when led into the
various combustion chambers. It should, however, be observed
that the amount of heat resulting from the ultimate combustion
of the free hydrogen, as indicated, is really not an increase in the
total calorific value, as the same quantity of heat was already
taken from the solid fuel and spent in overcoming the chemical
affinity and splitting up the steam, as already described. The
introduction of steam, therefore, does not actually increase the
total calorific power, although in practice it is utilised to increase
the calorific efficiency by diminishing the temperature of the es-
caping gases from the producer, from, say 1000° F. to 500° F.,, and .
correspondingly the loss by conduction and radiation during its dis-
tribution. The steam injected, it should also be observed, when
split up as described, becomes the source of a certain proportion of
oxygen without the usual proportion of useless nitrogen,as when
the oxygen is obtained directly from the air. Gas thus produced
by an addition of steam directed through the highly incandescent
fuel will, therefore, be correspondingly richer by containing a
higher percentage of combustible matter, which may range from
40 to 60 per cent. The proportion of steam which may be reason-
ably injected will, of course, depend on the amount or excess of
heat available, the latter depending on the rate of production
required. The intensity of combustion and corresponding tempera-
tures, however, may also be too high, causing unnecessary wear
and tear, and even destruction of those parts of the producer
near to the air inlets or tuyeres. In some instances the fire-bars
which form the grate surface, as in the example Fig. 34, are likely
to be burnt away, to avoid which water is added below the grate
as shown, where it is collected or held in a shallow pan or other
receptacle. The cooling effect, or lowering of the working tem-
perature, is the result produced by the steam or vapour (formed by
radiation) passing up through the incandescent fuel, and being
decomposed as already described. If, however, the quantity of
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steam introduced be increased, as by injection, beyond certain limits
derived from practical experience, it becomes objectionable by lower-
ing the rate of production ; as, indeed, by a sufficient injection of
steam, it could be made to damp out and stop the process of com-
bustion and the making of gas entirely.

If the fuel (carbon) could be maintained at a sufficiently high
temperature capable of decomposing a continuous current of
steam only, the resultant gases would be carbonic oxile and
hydrogen (CO 4 H), and this product being free from nitrogen,
would constitute what is known as water gas, to produce which
the fuel (carbon) is usually placed in suitable retorts arranged in
pairs so that the fuel can be alternately raised in temperature by
combustion with a current of air in the one, while the incandescent

1

fuel in the other becomes cooled by the absorption of heat r@lﬂei\ |

for the decomposition of a current of steam passing through it.
The gas (CO + H) produced in this manner being free from the
usual diluent (nitrogen), is therefore by combustion capable of
producing much higher temperatures than could be attained with
the ordinary producer gas diluted with nitrogen, introduced along
with the oxygen from the air. The latter, or ordinary producer
gas, however, is more conveniently obtained by a continunous
process, and at the same time is more suitable for the various
heating or drying processes required in foundry practice, even
although, as stated, it may contain only 40 per cent. of combustible,
as shown by the following chemical analysis of producer gas,
which is a typical example of the gas produced, as in Bernard
Dawson's patent gas producer, illustrated in Fig. 35, pp. 94
and 95:—

ProvucER GAS ANALYSIS.

Combustible.
Carbonic Oxide (CO) = 2689 per cent. 39-89
Hydrogen (H) .. .. = 1155 ’ r cent.
Hydrocarbons (CH,) = 145 , )percen
Carbonic (CO,) = 400
Nitrogen (N) .. = 5611
100:00 ,,  volume.

Say 40 per cent. of combustible gases.
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The following is a consideration of the relative calorific values
of producer gas, and that of the solid fuel or coal from which it
was derived.

To estimate the calorific value of producer gas as compared
with coal, it will be necessary to examine carefully the chemical
analysis stated in the previous page (92), and it will be seen that
the chief change from a calorific point of view is with the carbon,
the same weight of which is now in the gaseous form, combined
with oxygen to form carbonic oxide (CO). And as carbon in the
solid fuel (coal) was the essential element for the production of
heat, it will now only be necessary to ascertain the heat-producing
property or calorific value of the same weight of carbon in the
form of carbonic oxide (CO), when completely burned to form
carbonic acid (CO,).

If we now refer to example 2, p. 73, it will be found
stated that, by the combustion of one pound of carbon, in the
gaseous form of carbonic oxide (CO), to form carbonic acid (CO,),
the heat developed is equal to 10,091 B.T.U’s.; whilst the same
weight of carbon (us it exists in the coal), burnt completely to
form CO, = 14,500 BT.U’s. So that, weight for weight of
carbon consumed, the heat developed by the combustion of gaseous
fuel (carbonic oxide CO) is 304 per cent. less than that by com-
plete combustion of the solid fuel from which it was derived, if
we neglect the amount of heat developed in the producer, due to
partial combustion in the formation of carbonic oxide (CO) as
stated in example No. 3, page 73, and further indicated by the high
temperatures at which the gaseous fuel may leave the producer;
as, for example, 1000° Fahr., referred to on page 90, which, in
many instances, {is entirely lost by conduction and radiation,

while the gas is passing along the various conduits to the different
combustion chambers, and especially so when these are at a con-
siderable distance from the producers. The use of steam in the
gas producer, as pointed out on page 90, by reducing the tem-
perature of these combustible gases as stated, to 500° Fahr., is
a means at once of reducing the loss of efficiency in this respect ;
in which case the reduction or difference in sensible heat stated,
is an equivalent of the additional calorific power of the free
hydrogen previously obtained by decomposition of the steam
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injected, and now available in the combustion chambers along
with the carbonic oxide gas (CO), which latter forms the major
portion of the gaseous fuel in question.

The combined calorific powers of these constituents will now
be such that the loss, as compared with the calorific power of the
coal from which these gases were produced, may now be reduced
to from 20 to 25 per cent., instead of 30 per cent. as already
stated, when the carbon only was considered and no steam used
in the producer.

Having thus shown that the total heat developed by the com-
bustion of producer gas (conveyed at the normal or atmospheric
temperature) is considerably less when compared with that deve-
loped by direct complete combustion of the solid fuel (coal) from
which it was derived, we must now look for advantages in the
adoption of the former in some other respects, and this we find in
the increased facilities which it offers in practice for the better dis-
tribution of the heat developed, the greater power of controlling
and mixing the correct proportions of gas and air so as to obtain
complete combustion, therefore absolute prevention of smoke and
comparative cleanliness without excess of air, which is otherwise
impossible when coal is burnt in an open grate as usual ; incom-
plete combustion in foundry-stove practice when coal is used being
the cause of the heavy coating of soot deposited on the cores and
moulds from the smoke produced during the drying process. By
using gas fuel considerable economy can also be effected by ad-
justing the flow of gas to suit the varying requirements, or even
cutting off the gas entirely for hours without affecting in any way
the gas-making process when it is again required. This power of
control, it will be scep, is of the utmost value in effecting economy.

It will be understood from the foregoing remarks on calorific
values, that the adoption of gas is not always followed by a decided
saving in cost of fuel, although in other respects it may be highly
valued for the various practical advantages it offers. The cost of
drying, &c., by tle use of gaseous fuel is, however, generally less,
and sometimes considerably so, when compared with that when the
coal is burned direct, as in the ordinary fire-place.

Having thus dealt more particularly with the calorific value
and the theoretical aspect of producer gas generally, it will now
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be interesting to observe some of the more important practical
points to be familiar with in the working of producers, various
forms of which are now in the market.

Fig. 35 shows two separate vertical sections taken at right
angles, giving full particulars of Bernard Dawson's latest patented
gas producer. This producer, it will be seen, is circular in form,
and stands in a circular water trough W T, the body proper being
carried on a series of short cast-iron stanchions or columns I T,
so that access to the interior can be obtained all round, and the
ashes easily removed. The water seal here is produced, not as is
usual, by allowing the outer casing of the producer to dip into the
water, which method is always objectionable, but by the adoption of
a circular cast-iron girder C G of the angular section shown, which
carries the brickwork, so that the downward projecting edge of said
girder dips into the water which fills up the trough near to the top
edge, as indicated by the water line W I, thus forming a water seal
equal to the downward projecting flange shown ; which seal, if not
sufficient, would permit the escape of gas and air, usually under &
slight pressure, through the bottom annular space. With the
construction shown, when at work, the attendant in cleaning or
clearing away the ashes from the bottom of producer is obliged to
go practically all round its circumferences, so that the work is done
more uniformly than in those producersin which the trough extends
to the outside only at certain points, while at other points the ashes
may be left to gather. In the latter examples the fuel inside the
producer is supported irregularly, and consequently does not produce
the gas uniformly throughout. The effective area for gas produc-
tion is thereby considerably reduced, with a corresponding reduction
in quantity as well as quality of the gas made.

The mixture of air and steam necessary for the production of
gas in this form of producer, is supplied or enters the mass of
fuel by way of a central tuyere pipe T P of ecircular form,
fitted at the top with a conical hood C H to prevent coal, ashes,
&e., from falling in and stopping up this pipe. The hood thus
ﬁtbed to the top of centre tuyere pipe, forms an annular orifice.
In the earlier examples this hood was covercd with a refractory
clay, but it was found afterwards to be quite unnscessary, and was
therefore discontinued. The steam which, as alrcady pointed out,
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is necessary on its own account, is made further use of in creating
the required induced draught of air through the main tuyere pipe.
This is obtained in the manner shown, by which the steam jet S J
is directed by means of a brass nozzle-piece baving a small hole
drilled through it, and fitted on to the end of a malleable iron
pipe M P supported at the centre with bracket as shown. Any
condensation water gathering in the main air pipe, may be
drained off by means of drain pipe with syphon shown.

By introducing the air and steam through a central tuyere
opening as in this example, itis claimed that combustion of the fuel
takes place more evenly throughout than otherwise is obtained.
The fuel is charged here in the usual manner by means of a bell
and cone-shaped hopper; the bell, which is balanced, opening
downwards to allow of the fuel entering the interior of producer.
The upper portion of bell or hopper is fitted with a door, so that
when the bell is dropped, communication with the atmosphere
is cut off, thus preventing the mixing or indraught of air, the
effect of which would be to increase the proportion of carbonic
acid gas (CO,), and correspondingly weaken the quality of gas
produced.

In order to maintain the quality and regular supply of pro-
ducer gas, the fuel inside must not be allowed to cake or hang
in scaffold-like formations, through which the air supply might
find an easy passage by forming channels or holes. In this manner
the proportion of carbonic acid gas (CO,) would also be increased.
It is therefore necessary to adopt some means for breaking up
the charge, and maintaining it as far as possible in a uniform con-
dition and thickness. The breaking-up process in the producer
illustrated has had & fair share of attention, and the arrangements
here will be found of considerable advantage, especially with some
qualities of fuel, as by means of the various poking-holes shown
any and every portion of the charge can be seen, and reached
with suitable long pokers or bars. These holes are distributed
as follows :—Four poking-holes P H in flange of charging hopper ;
four in domed top; four round the circumference, a little above
the conical hood of central tuyere pipe—all of which holes are
fitted with cast-iron lids or doors, these being kept shut when all
is working well.
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It will be seen from this example that a producer may be
very simple and cheap to build, and yet give the highest efficiency
when the various points of merit have had full consideration.

Many other forms and modifications of gas prodacers might
be mentioned, but this could not serve any very useful purpose
here, as in many cases they resemble each other except in the
various details referred to; the producer chosen here being
intended to represent what may now be considered the best
practice.

In using producer gas, considerable care is necessary in order
to avoid explosions. This is especially the case when starting
and lighting up, as the gas mains may then contain sufficient air
which, when mixed with a certain amount of the producer gas,
way form a dangerous explosive mixture ready to go off if a light
be brought in contact with it. The following precautionary
measures should therefore be carefully observed when starting,
afier all brickwork in the flues and fire-places has been thoroughly
dried and ready. In setting fire or starting the producer, the
down-comer valve D V should be shut, and the side doors, &e.,
opened for the supply of air; the hopper bell being also closed,
and the top of down-comer only opened, then all products will
escape there. When the fire is fairly set going, then the side
doors, &c., are shut. All the air must then come through the
blast-pipe and pass through the fuel, which has now, in about four
hours, become 8o deep that the top surface is 2 feet above the side
poking-holes. Combustible gas begins now to escape at the top of
down-comer, the quality of which is ascertained by the manner
in which it burns. When the flame is strong and the steam-jet
set going, the top door T D of down-comer should bo closed
and the valve D V opened, so that the combustible gas now being

produced may pass into the gas mains, the valves at the various
furnace doors being still kept shut. A door or opening, however,
should be made at the extreme end of gas main, through which
the air previously filling the gas mains is allowed to escape, but
still keeping away any light. After all the air has been driven out
and the combustible gas begins to escape, it is time to shut this
temporary opening or escape door ; and now open the valves leading
to the various fire-places where the gas is intended to be burnt.
H
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Previous to this, and in order to ensure proper ignition of the
producer gases, & wood or other fire should be lighted up for
some time, so that it may be burning brightly just at the point
where the air and producer gases meet and mix with each other,
in such proportions as are necessary for complete combustion.

The producer at work requires to be charged with additional
coal about every half hour, one or two hoppers full each time;
and if of the dimensions marked on illustration Fig. 35, the
outer casing or shell of which is 8 feet diameter and 10 ft. 3 in.
high, it will easily burn 6 cwt. of any tolerably clean small coal
per hour into gas; some of this type and size doing as much
as 8 cwt. of coal per hour, ie. about an average of 3} tons of
coal turned into gas per day of 10 hours for each producer of
the dimensions stated.

Different methods adopted for the mixing of air and subsequent
combustion of gas, also the distribution of the heat produced
thereby, will be dealt with under the head of drying stoves.
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CHAPTER 1IV.

FURNACES FOR REMELTING.

Furnaoes are used in metallurgical operations either for pro-
ducing permanent changes in the materials heated, or for preparing
them by softening and fusion for subsequent treatment. The
design, materials of construction, and mode of working of furnaces
are of a very varied description, but they may be broadly divided
into two distinet branches : one in which the solid fuel is intermixed
with or directly surrounds the materials to be heated, the other
that in which the heating is done by flame, without direct contact
between the metal or ore and the solid fuel.

This classification also applies to the fuel used, which is
essentially different in each of these two branches. In the first
branch, say, for a cupola or coke furnace, for melting steel or brass
in crucibles, an intense local heat is required in the mass of the
fuel itself, and the heat developed on its surface is practically
useless. For this class of work the most suitable fuel is charcoal,
coke, or anthracite, consisting of nearly pure carbon with little
volatile matter.

In the other branch, flame furnaces, such as are used for glass
melting, puddling or heating iron, the materials to be heated are
placed in a chamber at the side or above the fuel, the heat of
the flames being made use of by being carried into the working
chamber by currents of gases rising from the fire, together with
that due to their combustion on admixture with additional air.
For furnaces of this description a full supply of combustible and
partly burned gases at a bigh temperature is required, which gases
are to complete their combustion in the working chamber, so as to
heat the materials placed therein to the highest possible degree.

The fuel preferred for this purpose is gas, or coal, or dried
wood. Flame may also be obtained from fuel containing little

H 2
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else than carbon and mineral matter by placing it in a thick bed,
and by introducing with the air required for combustion a large
proportion of steam. The gases produced by the decomposition of
the steam, and by the passage of the air through the fuel, flow
forward into the mixing chamber, where they ignite.

In the small furnaces fired with coke, such as are commonly
used for melting steel or brass in crucibles, the latter are embedded
in the fuel, and a rapid combustion with a high temperature is
maintained round them, by closing the upper part of the furnace
and connecting it with a tall chimney.

Where, as in smiths’ fires, the top of the chimney cannot con-
veniently be closed in, or where a keener combustion is required
than can be obtained by chimney draught, air is forced into the
furnace by mechanical means.

Blast furnaces and cupolas so arranged are largely used in
smelting the ores of iron, copper and lead, and in fusing cast iron.
The fuel and materials to be acted upon are charged together into
the upper part of a vertical furnace, and the combustion is sup-
ported by air forced in through openings called tuyeres near the
bottom. Such furnaces and cupolas for the production of cast iron
are built of great size, and require much skill in designing and
construction to obtain good results with an economical expenditure
of fuel.

In the flame furnaces the useful effect of the heat is obtained
by bringing a flame to bear upon the material to be heated, instead
of embedding it in solid fuel. Such a furnace is the reverberatory,
which consists of a fire-grate, and a flame chamber, which leads
the products of combustion away to the chimney, the flame in its
passage reverberating, or being deflected upon the material to be
heated. In the same branch of furnaces, though widely different
in construction, comes the Siemens regenerative gas furnace, now
so largely used for a variety of purposes where a high temperature
is required.

There are, therefore, three distinct classes of furnaces—the
cupola, the reverberatory, and the crucible or pot furnace—in
each of which there are many variations of design to suit the
different purposes for which they arc intended. In the cupola no
metal but iron is melted.
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Copper, bronze, brass, German silver, silver, gold, and the alloys
of these metals, are either melted in crucibles, or, if dealt with in
larger quantities, in the reverberatory furnace. The furnaces and
tools are essentially the same for other metals as those described
for the smelting of iron, with a foew slight modifications in detail
in the cases of the more fusible metals, such as lead, tin, &c., which
may be melted in iron pots, kettles or clay crucibles.

Cuproras.

The furnace, however, which especially claims the attention of
iron-founders is the Cupola, on account of the rapidity with which
pig-iron can be reduced to the necessary molten state ; simplicity
of construction ; also, that by this means pig-iron can be melted
cheaper than by any other form of furnace.

Before describing the construction of the cupolas now in use, a
short account of the old-fashioned rectangular cupola will be of
service, as giving an opportunity of pointing out those defects in
construction which led to its being discarded, and which defects,
of course, should be avoided in all modern foundries.

The old cupola was an oblong square on plan, its longer sides
being in the ratio of about 2 to 14 of the shorter sides, and the
beight varying from 3 to 4 times the length of the longer side.
Its shape was not one at all likely to give strength, and appears to
have been adopted for no other reason than that the fire-bricks for
the lining were then not generally procurable in any other than
the common square form. The external casing was formed of
cast-iron plates, with flanges at the angles; the sides were parallel
and vertical, and the lining of fire-brick was set in fire-clay. The
cupola was built on a platform of common brickwork, facing the
sand floor, and the blast-pipes were brought up at the back. There
were five or six tuyere-holes one above the other, 9 or 10 inches
apart, on each side of the cupols, and two tuyeres were employed ;
each consisted of an elbow pipe of copper, connected by a flexible
leather hose to the cast-iron blast-pipe coming from the fan.
The flexible hose were required, to allow of the tuyeres being
gradually shifted up during the smelting operation, but they gave
rise to considerable trouble, as if any serious leakage of air through
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one of them occurred, that particular tuyere would be temporarily
disabled, whilst the tuyere on the other side would force out a
fierce flame from the tuyere-hole. Having all the tuyere-holes
but the two lowest stopped up with sand, and the tap-hole open,
the furnace was charged with coke and ignited, the  breast " of the
tap-hole was then closed, leaving the tap-hole itself open, and blast
turned on at the two lowest tuyere-holes. Scrap and pig iron,
a proportionate supply of limestone, and coke were then supplied
from a platform by the furnace man, until the iron began to run
from the tap-hole, which was then also closed. When the furnace
man saw, through the tuyere-holes, that the melted iron nearly
reached the level of the tuyere-holes then in use, he raised the
tuyeres to the holes next above, carefully stopping the lower ones.
This process was repeated until either the cupola was as fall as it
could safely be, or until what was considered a sufficient quantity
of metal was ready to tap for the work in hand.

The breast, which was about 12 inches wide, by 15 inches high,
was simply stopped by sand, which was occasionally forced out by
the pressure of metal within.

Owing to the long time occupied in melting all the iron
contained in these cupolas, the sand stopping of the tap-hole
frequently got burnt into a hard, slaggy substance, throngh which
the tapping bar could only be driven by great force, and this
frequently brought away the whole sand breast, followed by a rush
of molten metal.

Another, of the rectangular form, is that known as Krigasr’s
Cupola, shown in Figs. 36 and 37, in which we have a vertical
section from front to back; a vertical section from side to side;
also two horizontal sections or plans at different levels.

The vertical shaft A A of this cupola is made rectangular in
form, either square or oblong, as shown in the plans, Fig. 37, and
parallel, or very little taper in height, so as to avoid any prominent
part upon which the flame could strike, and which would be
exposed to rapid destruction. A backing of sand is used behind
the brickwork to concentrate the heat in the cupola. The shaft A
is supported at front and back by arches B B, over the lower
chamber C C; and at the sides of this chamber is also a backing of
sand, as shown at the left hand, Fig. 37, to keep the heat in. Over
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this backing and round the bottom of the shaft A runs the air pas-
sage D D into which the blast is delivered from the two mains E E,
and the blast entering throngh this passage cools the brickwork in
the cupola, and becomes heated itself; it then passes down into the
melting chamber C C, through the two long slots F F in the roof,
one at the front and the other at the back, extending the whole
breadth of the hearth, as shown in the plans, Fig. 37. These slots
are constructed by leaving & space of 4} inches width between the

Fie. 36.

outer arches G G, Fig. 36, and the inner arches B B that carry the
shaft A ; the length of the arch H, from front to back, is conse-
quently made greater than the breadth. The front of the cupola
is closed by an iron door K on hinges, extending the whole breadth
of the hearth; and a smaller door L is placed at the back, to
facilitate the drawing of the cupola, by inserting a rake at the
back ; by this means the drawing of the cupola can be accomplished
regularly within three or four minutes.
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For starting the cupola, about 1 to 1} cwt. of coke is placed on
shavings or some burning coke upon the hearth, and more is added
by degrees from the front door, until all the coke intended for the
first filling is put in. The door K is then closed, being first wetted
on the inside; and the tapping hole J is formed, as usual, by
placing clay round a wetted stick. The whole height of the door
is next plastered on the inside with a mixture of clay and sand ;
the door is then set forwards about 5 inches in front of the breast

Fi6. 37.

of the furnace, to allow space enough for the furnace man to get
his arm in for lining the door, and the space at top is afterwards
closed with bricks. This mode of closing is adopted for cupolas
working with a pressure of blast from 4 to 7 inches of water; but
where the blast is stronger & wall of coke is first built up inside
the melting chamber C, and wetted ; and the door being shut and
secured with wedges, the space between the door and the wall of
coke is then filled with ordinary foundry sand, rammed in.

The amount of filling that is put in for starting the cupola
varies with the size and the quantity of melted metal that the
learth is intended to contain at once; but the amount is always
much less than is usually employed in other cupolas. One of these
cupolas, capable of melting 3 tons of iron per hour, requires a fill-
ing of 23 cwt. of coke for starting it, or 3 cwt. when it is intended
to keep the whole of the metal in the hearth, to be tapped all at
once. Upon this filling a charge of 8 cwt. of iron is added from
the top of the cupola shaft, and then about } cwt. of coke, and
the same in succcssion until the whole charge is put in, filling up
the shaft A to the top, as shown in Tig. 36. After the casting, a
certain quantity of the coke is drawn out unconsumed. The average
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quantity of coke consumed is 1} cwt. or 168 lbs. per ton of iron
melted, when only 3 tons are melted in each charge; and the con-
sumption is 147 lbs. per ton when charges of 6 tons are melted,
and 140 1bs. per ton with heavier charges.

The above description of this German cupola was given to the
Institution of Mechanical Engineers in 1868, when it was also
stated that the metal melted was very clean and fluid. It does
not appear, however, to have come
much into use in England, and recent
German examples are considerably
modified, being circular in section and
having a chamber arranged where the
breast is placed in Fig. 36, this a
chamber being at a lower level, and ‘
practically acting as a collecting ladle,
the metal being run from it through ]
s tap-hole in the ordinary way.

The Mackenzie Cupola, Fig. 38,
is largely used in the United States.
It is generally elliptical in plan, and
the blast, instead of being supplied ‘
through tuyeres, is admitted through T
an opening which extends completely N
round the bottom part of the cupola.
The blast is led into a chamber sur-
rounding the boshes of the cupola, and
from thence it escapes through the annular opening into the cupola.
The cupola is fitted with a drop bottom, which arrangement is
almost universally adopted in the United States.

When first started it is necessary to employ & very light
pressure of blast, but as the melting proceeds the pressure is
brought up to 2} lbs. per square inch. The blast is generally
applied about forty minutes after the fire is lit, and iron begins to
run about twenty minutes afterwards.

American cupolas as a rule are large in diameter, which is
an essential feature when anthracite—the fuel most common in
America—is used. An arrangement often adopted is to have
the sides parallel, but with a convex-shaped belt of the same

Fia. 88.
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material as the lining arranged just above the tuyeres, this belt
effecting the same object, in our opinion but imperfectly, as the
boshes in such forms as those of Ireland or Voisin.

In modern practice the cupola is built of cylindrical form, the
casings being made up either of cast iron or wrought iron, or steel
plates, the latter being riveted together, as shown in Figs. 43
and 45.

When the maximum diameter does not exceed 4 feet, the height
may range from five to six times the diameter. With cupolas

Fia. 39.

having a larger diameter than 4 feet, the height should not exceed
four to five diameters up to the feeding aperture.

The objection to a very great height of cupola is the increased
time and labour involved in raising the materials for charging,
and wherever the height is considerable eflicient mechanical arrange-
ments are, of course, required for this purpose.

The diameter of a cupola is also subject to much variation,
ranging from 18 inches up to 4 feet, or even larger. A cupola
18 inches wide, with one tuyere, will make good hot metal if
worked with charcoal. but to work satisfactorily with coke requires
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a cupola at least 2 feet in diameter with two tuyeres; and with an-
thracite a capola, to produce the same result, should be 2 ft. 6 in.
diameter. A well-built chimney should be connected to the cupola,
although for moderate-sized works a sheet-iron chimney is generally
found to answer.

Fig. 39 is a section of one of the earlier forms of Ireland’s
Cupolas, in which the horizontal section is circular, the vertical
section showing it to be built with boshes, aud also having a cavity
of enlarged diameter below, so as to give increased capacity for
liquid metal.

There are eight tuyeres in the upper row, 2 inches diameter
at the nozzles, and three tuyeres in the lower row, which are
6 inches diameter inside. The two rows are 1 ft. 7 in. apart from
centre to centre in the cupola shown in Fig. 39, which is 21 feet
high from the floor to the top, and 4 ft. 1 in. diameter outside the
iron casing.

A pair of Ireland’s cupolas, described by Mr. John Fernie
in 1856, are shown in Fig. 40. Each furnace is capable of melt-
ing at the rate of 3 tons of iron an hour. The height from
the door to the top is 27 feet, and from the floor to the level of
the charging door K, 12 ft. 6 in. The shell is parallel from the
ground to the charging door, and thence it gradually tapers up
to the top. The outside diameter is 4 ft. 6 in. in the cylindrical
part, and 2 ft. 6 in. at the top. The inside diameter is 2 ft. 6 in.
at the bottom of the crucible, on the cupola hearth L, contracting
to 2 ft. 3 in. at the springing of the boshes M M, and 3 ft. 9 in.
from the boshes to the charging door, whence it tapers to 1 ft.
9 in. at the top. The height of the crucible is 4 ft. 3 in., and
of the boshes 1 ft. 8 in., and the height from the boshes to the
charging door 6 ft. 3 in. From the top of the boshes to the top
of the cupola the lining is formed of a single thickness of fire-
bricks, which is quite sufficient, as practically there is found to
be very little wear above the top of the boshes. The centre of the
blast-hole N is 2 feet from the bottom of the cupola, and the hole
18 9 inches in diameter, to admit a 73-inch tuyere. O is a slag-
hole, 5 inches in diameter, the top of which is level with the
bottom of the tuyere-hole. P is the tapping-hole, which is made
in the usual manner.
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By careful charging, the average consumption of fuel obtained
was 2} cwt. of coke per ton of iron melted. In many respects,
this cupola is similar to the most modern forms of the ordinary
cupola ; the most important difference being the arrangement of
tuyeres and blast-pipe.

In 1866 the Bolton Steel and Iron Company employed two
of Ireland’s cupolas for melting the iron for their large anvil block,
which weighs 205 tons. The external diameter of each of these
cupolas was 7 feet, the diameter at the boshes 3 ft. 9 in, and
5 feet at the greatest diameter above and below. The blast was
supplied by blast cylinders at a pressure of 14 inches of water, and
was delivered into the cupola through two ranges of tuyeres:
sixteen tuyeres in the upper range, 3 inches diameter ; four in the
lower range, 8 inches diameter.

Each cupola was enclosed in a casing of boiler plate, with an
external air-belt and blast-pipes.

To produce the anvil block, 220 tons of metal were melted, of
which 8 tons consisted of lumps of Bessemer steel, and the time
occupied from putting on the blast, for melting the metal, and
filling in the mould was 103 hours. The consumption or coke per
ton of metal melted was only 1 cwt. 1 qr.—a very remarkable
result, due no doubt, in a great measure, to the height of the
cupols, which enabled the heat and gases to be re-absorbed by
the fuel and iron as they passed upwards through them out of the
cupola. This points to the great value of tall cupolas, with the
use of powerful and heated blast, and the reduction of diameter at
the tayere level.

Woodward's Steam-jet Cupola is worked by means of an in-
duced current caused by a steam-jet blowing up the chimney of the
cupola, instead of by blast forced in below. It is asserted by those
interested in this cupola that it effects a great saving in fuel over
the ordinary fan-blast cupolas, and it seems tolerably certain that it
is at least as economical as the best ordinary furnaces where fans
are employed, with the additional merit of great simplicity.

The steam required to create the draught is only equal in
quantity to what would be consumed by an engine for driving a
fan of sufficient power to work an ordinary cupola of the same size.
The consumption of coke in melting 1 ton of iron is put at 1} cwt.
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—a very low rate of fuel, which has, however, been also obtained
by other cupolas of good design and properly worked. There is
besides & saving in first cost of engine and fan, and of all their

FFia. 1.

wear and tear, repairs and rencwals. There are several different
medes of applying the steam-jet, but the principle will be at once

understood from }igs. 41 and 42.
Fig. 41 has a simple plate-iron cover, up which the steam jet
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A forces a blast. Just beneath the steam-pipe is the charging
door B with a movable cover.

The cupola is shown in position just outside the foundry, with
the metal spout passing into it through an opening in the wall.
The steam is brought to the top of the cupola from a boiler in
steam-pipes, properly covered to prevent condensation. The jet is

Scale Y96 Yh" £,
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a simple nozzle, similar to those used in locomotive chimneys, as
there is found to be no necessity in practice to regulate the draught
by any alteration in the size of the jet.

The air is drawn into the bottom of the cupola through
openings placed radially at two different levels. In the lower row
there are four such openings, and in the upper row there are eight.
Each of these air-inlets has a cover which can be closed from the
ontside.

The charges are lifted to the door B at the top, and charging
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can be continued during the blowing. If, however, it is desired to
use the cupola for continuous working, it is preferred to have a
feeding hopper, with a sliding door, to be worked by a lever, as
shown in the second arrangement, ¥ig. 42. The furnace is
charged as usual with alternate layers of coke and iron, all the air-
passages being then opened. When the furnace is at work the
draught has to be regulated by the furnace man, and care must be
taken to close any air-inlet near which iron is seen to accumulate
in a semi-liquid state; the temperature near that spot will soon
rise to the proper degree to cause the iron to run freely, when the
air-inlet may be reopened.

In Fig. 42 the steam is arranged to blow through a side flue
into the chimney. The feeding hopper to the furnace a is repre-
sented open, that of b is shut. There are eight air-inlet holes in
the upper row, and three in the lower row.

Heaton’s Cupola is constructed by building a tall stack on the
basis of a cupola, and providing the latter with two rows of large
tuyeres ; the heat and draught are maintained simply by the
ascensive power of the hot air passing up from the cupola and stack
or chimney. This cupola can scarcely be found advantageous in
intermittent working, as it has to be carefully and slowly heated
up and charged when first started, but for continuous working it
might answer.

We are indebted to Messrs. Aitken, Jessop and Co., of London,
who are the introducers of it into this country, for the particulars
of Voisin’s cupola, which is fully illustrated in Fig. 43. It is con-
structed of boiler-plate—thick, double-riveted, in this instance—
and lined with fire-brick made to the shape of the interior. The
bottom is arranged to drop after the American plan, sufficient space
being allowed beneath to accommodate a truck or trolley for con-
veying away the broken bottom and contents remaining when the
furnace is “drawn.” The blast is supplied from a belt completely
surrounding the cylinder of the boslies, and from this belt two
rows of tuycres (four in each) deliver the necessary supply of air.
It will be scen, by the sections through A A and B B, that the
lower tuycres are arranged opposite and at right angles to the main,
while the upper tuyeres are diagonal to it. The inventor claims,
through this arrangement of the tuycres, that the gases being burnt
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114 FOUNDING AND OASTING.

in the interior of the cupola, create a second zone of fusion with
those gases alone. 1In other words, the second set of tuyeres obviate
to some extent the evil effect of the formation of carbonic oxide.
_ Voisin’s cupola has certainly been very successful, and this more so,
we are inclined to think, owing to the careful proportioning of
every part given to it by the inventor. '

A portable cupola with its fan is shown in elevation and plan,
Fig. 44, It is formed of a cylinder A A, of sheet iron 4 of an inch
thick, 2 ft. 3 in. in diameter, and 4 ft. 6 in. high, lined with fire-
bricks and clay B B, in the usual manner, 4 inches thick.

The cupola weighs about 6 cwt., and is easily lifted by the
workmen on to a trolley and taken to the place required, when it
is lifted off and placed on a temporary staging.

The cupola has a belt or air chamber at C C, into which passes
the air from the fan, and it has four tuyeres of 2 inches orifice to
admit the air to the fire. The yield of metal from so small a
cupola was great; as much as 3} tons have been run down in seven
hours by two men turning the handles of the fan, and nearly
4} tons by the use of the engine in the same time.

Numerous other forms of cupola are at work. The following
different well-known types, however, are those giving the best
results in modern practice.

Fig. 45 illustrates a duplicate set of ordinary cupolas of the
following dimensions, which under good working conditions have
given results as regards economy of fuel which will be difficult to
improve upon :—

in,

Diameter at bottom of hearth .. % 0
» tuyere-holes .. ce er e e .. 48

» chargingdoor .. .. .. .. .. . 4 6

» top of chimney .. .. .. .. 4 0
Height from hearth to sill of charging door . 140
” sill of charging door to top of chimney .. 18 0

The cupola proper consists of an outer shell of steel plates 7 of
an inch thick, riveted as shown and having in addition angle-iron
rings A IR, riveted to the inside at suitable heights, so that
the lower portions of the brick lining can be removed and rebuilt
without the danger of the upper portions of the lining sliding down
(during the repairs) on top of the brick-builders below. When these
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angle-iron rings are not provided, the upper portions of the build-
ing must be blocked up very carefully with wood, &e., all round.

The brickwork is made up of two separate linings, the lining
next the shell being composed of 9-inch cupola brick, the inner
lining being formed of cupola bricks of various sizes, in order to
give the desired shape indicated in the vertical section shown.

The extra thickness of brickwork resulting from the double
lining has the effect. of diminishing the loss of heat by radiation.
If necessary, the capacity of these cupolas could be enlarged by
removing the inner lining. Under the latter conditions, however,
it would require the utmost care while fettling the interior, in
order to keep the molten iron off the outer shell, the effect of
which would be most serious. The upper structure or chimney
stack, being entirely of brick, is strengthened by means of mal-
leable iron hoops pitched at 3 feet apart.

Six tuyere-holes, T H, are adopted, each 7 inches by 3 inches,
giving a total area of 126 square inches. These holes are usually
formed in the brickwork, but sometimes cast iron rectangular box-
shaped castings are inserted or built into the lining. The supply
of air is maintained by means of one No. 6 Roots blower at a
pressure corresponding to a 16-inch vertical column of water
when running at 200 revolutions per minute, any variations of
which pressure can easily be detected by means of a pressure-
gauge, P G, fitted in a convenient position as shown. The blowers
need not be fitted near to the cupolas, and in this example the
blast is conducted a distance of 40 yards. The main blast pipe,
M BP, is 14 inches diameter. By means of valves V V shown,
the blast can be directed to either cupola. To avoid the necessity
of altering the speed of the blowers from time to time, it will be
found more convenient to have an air escape valve or door, which
in this case is fitted immediately behind the pressure gauge P G,
and operated on by means of a handle within easy reach, the amount
of opening depending on the blast required. The circular chamber
or air passage shown is fitted with an inspection door, opposite
each tuyere-hole, by means of which, tendencies to close up are
easily detected and removed. A BP is a small auxiliary blast
pipe 1 inch in the bore, which at times will be of considerable
value in assisting the combustion of the first or bottom charge of

12



116 FOUNDING AND OASTING.

coke to become “red-hot " as far up as the tuyere-holes before turn-
ing on the main blast for the first time, otherwise the casters would
be delayed by having to wait for molten meial. The auxiliary
blast is inserted at the tapping-hole by means of a flexible tube con-
nected to ABP.

The metal runner M R conducts the molten metal from the
tap-hole to a suitable distance into the ladles M M L, the outer
end being supported by means of chains shown.

To facilitate the breaking up of the slag when it is within
reach of a crane, a bent bar S B B is placed as shown, so that the
molten slag will gather round the lower arms, situated in a hollow
formed in the ground ; water is sometimes run into this hollow, so
that when the molten slag descends from the slag runner SR
steam is formed, which, to escape, passes through the slag or is
entrapped. In the latter case, the expansive force of the steam
blows up and forms cavities throughout the mass, in which con-
dition the slag is easily broken up when hoisted up along with the
bent bar referred to, and to which it clings.

The charging platform here shown is covered with a corrugated
iron roof C R, without which in rainy weather it is difficult to keep
the men at their work. The roof is also an advantage, by keeping
the coke dry. To avoid the cost of raising the fuel, iron, &c., by
means of a hoist to the charging platform, as usual, it is some-
times convenient to place the cupolas near to a natural bank made
accessible for carts, &c. The type of hoist adopted when required
will depend on the kind of power most convenient, so that we bave
the pig-iron and char cages raised by steam winches, direct steam
and hydraulic rams, electrically driven hoists, &c. The suitability
of either will, of course, depend upon the kind of power at present
adopted throughout the works, the latter being more conveniently
applied.

Tne Working or A CupoLa.

Owing to the excessive wearing of the cupola lining at the zone
of fusion, especially when large quantities of pig-iron and serap
are melted daily, it becomes necessary to have the interior dressed
and fettled after cach day’s work.  For this purpose it will always
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CUPOLA WORKING. 117

be found a considerable convenience to have & duplicate set of
furnaces, as shown in Fig. 45, so that while one cupola is in blast,
the other may be under repairs referred to, and also charged for
the following day’s work. By this arrangement each cupola is
allowed to cool down slowly, instead of the injudicious practice of
rapidly cooling by means of water, to enable the fettlers to enter
the furnace and have it repaired in time for a cast every day.

To charge the cupola, the coke, limestone and pig iron are
thrown in alternately, as indicated on the left hand of Fig. 45, also
Fig. 47, the relative quantities varying according to the following
conditions or requirements, such as when ornamental or thin cast-
ings are required, the molten metal must be highly fluid to run
‘easily. The proportion of coke, therefore, should be high, in order
‘that the metal be correspondingly hot.
 Variations in the composition of pig iron cause variations in

'the refractive properties, so that, generally speaking, high grade
pig iron requires increased proportion of coke to that required
' when low grades and correspondingly hard irons are used. Quality
of coke also affects to a great extent the proportlon required, the
{ best results being obtained when it is highest in carbon, also low
|{in ash and water.
i The rate of combustion will also affect the proportion of coke
required, as when too slow the heat developed may be dissipated,
and therefore comparatively ineffective so far as melting iron is
concerned. The most suitable working pressure of air blast varies
in different cupolas, and, indeed, in the same cupola, according to
the conditions of charge and the rate of melting required. With
properly proportioned tuyere area, and each tuyere-hole also of
suitable dimensions, the blower should be capable of supplying
air at a minimum pressure of 10 inches vertical column of water
under any condition of the interior charges likely to arise; other-
wise the output of the furnace will be limited to a rate of melting
below that possible with larger blowers. If, again, the furnace is
. in any way choked, the rate of melting can only be maintained by
increased pressure of blast. In ordinary practice, however, the
blast for a cupola is never higher than 28 inches, or, say, fully
1 Ib. per square inch.
| "It should be pointed out here that when air is blown under
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pressure through an orifice, its temperature as it leaves the nozzle
is lowered, so that in cupola practice, where the supply of air is
maintained by excessive pressure and small tuyere-holes, the metal
and slag in passing these will be chilled, so as to ultimately choke
the tuyeres and give considerable trouble.

The shape and proportions of a cupola will also affect the
working and therefore the amount of coke required to melt pig
iron. With regard to the first, there does not seem to be any well
defined rule. By proportionately increasing the height of a cupola,
as measured from the tuyere-holes to the level of charging door,
the depth of the charge or load is also increased. The effect of
this is that a greater proportion of the heat is utilised by the cool-
ing effect of the extra depth of charge and a corresponding increase
in the temperature of the charge before it reaches the zone of fusion.
The height of modern cupolas, from the hearth to the level of
charging door, will be found to vary from three to four times the
diameter at the charging door.

The charges during the efficiency tests referred to on pages 122
and 124 consisted of equal proportions of Nos. 3 and 4 Grade pig-
iron, with 10 per cent. scrap derived from the same quality of
metal. The coke used after filling up the bottom to about 6 inches
above the tuyeres was added alternately with the metal, as repre-
sented in Figs. 45 and 47. The rate of melting necessary was
from 4 to G tons per hour, the blast being on almost continuously,
the pressure of which at the cupolas when full bore was never
higher than 16 inches of water.

As the metal was required in 3 to 4 ton lots, it was desirable
that the hearth, or that portion of the cupola below the slag-hole
S H, should be of corresponding dimensions, so as to avoid re-
peated tappings for one ladle of metal. DBy increasing the lower
dimensions of a cupola the first charge of coke is also increased,
and this may materially affect the average results obtained. In
order to represent the coke consumption as low as possible, the coke
used for bottoming is sometimes left out of consideration, and only
that quantity charged alternately with the iron is stated. 'Thislatter
estimate is, of course, not satisfactory for commercial purposes,
although it is sometimes adopted by vendors of new processes or so-
called improvements with a view to enhance their apparent value.
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The .pigs of iron forming the charge in the tests referred to were
first broken in two pieces while discharging from the carts or trucks
conveying it, in order to avoid additional handling, by dropping
each pig on to a cast-iron block. It is a very common practice,
however, to break the pigs into three pieces by means of heavy
hammers. This is very laborious work, apart from the expense,
some of the advantages claimed being
questionable.  Fig. 46 illustrates a
very simple machine for breaking pig-
iron, which will be found an advan-
tage in such cases where power is
available. The action of the machine
is apparent from the illustration, and
needs no further explanation.

In some foundries, owing to the
class of work produced, it is not only
convenient, but necessary, that the
casting process commences at the
beginning and continues’ regularly
during the whole day, so as not to
block the other departments. In such
cases, in order that sufficient molten
metal may be ready at the start, to
avoid waiting, the cupola, as already
described, is charged during the previous day and fired the same
evening by means of a piece of oily waste, ignited, and then pushed
through the tapping hole so as to ignite the sticks, &c., at the
bottom, as shown in Fig. 45.

The subsequent combustion of coke, owing to the limited supply
of air, proceeds very slowly, taking about six or seven hours before
the whole mass of coke up to the tuyeres has become sufficiently
red to enable the main blast to be turned on ; about two hours of
the main blast being now necessary for the reduction of the first
threo tons of molten metal, continuing (by means of the cupolas
shown in Fig. 45) at the rate of from 4 to 6 tons per hour during
the whole working day, or even 14 to 16 hours when necessary,
without trouble unless when the coke is of bad quality.

It should be pointed out here that when the furnace is charged

Fia. 46.
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earlier than usual, as on a Saturday or other short working day,
there is a danger of spontaneous combustion taking place, owing
to residual heat in the farnace. In such cases the furnaces should
be carefully watched, and if smoke issues it should be drenched
out at once, otherwise the charge of iron may become partially
melted or semi-liguid, so as to choke the furnace by forming a
mixed mass of coke and iron, to remove which is no easy job,
apart from the delay and extra expense connected therewith.

Fig. 47 illustrates the progressive stages in the process of
melting pig iron in a cupola from the time it is charged at the top
along with the fuel until it has become liquid enough to trickle
down through the highly incandescent fuel in the vicinity of the
tuyeres towards the bottom, where it accumulates until its surface
rises to the level of the slag-hole, when the furnace should now be
tapped and the metal run into ladles, so a8 to avoid loss by the
metal overflowing down the slag runner SR. In ordinary practice
" an overflow of metal is easily distinguished from the slag usually
present at this stage, and the difference observed serves to indicate,
if desired, when the full capacity of the furnace has been melted.

While the molten metal and slag trickles down through the
mass of fuel, &c., a portion of it in passing down the sides near to
the tuyere holes is often chilled, so that it adheres to the walls of
the cupola, the accumulation of which towards the end of a day’s
work may be sufficient to extend almost right across the cupola,
acting as a scaffold, by which name it is known. The thickness or
depth of this scaffolding, as will be seen in Fig. 47, is limited by
the highest level of the molten metal, which corresponds to the
height of slag runner SH. The rate at which a scaffolding gathers
depends chiefly on the quality of coke used. If the coke is inferior,
by having a high percentage of ash, the rate of combustion is
reduced, with a corresponding reduction in the working tempera-
ture, so that it becomes necessary to clear out the tuyere openings
repeatedly during the day, by chipping and blocking up each
tuyere alternately with lumps of coal.

It is astonishing, however, in such cases how the molten metal
continues to come down; but on examining the nature of the
scaffolding the following day, when it is being broken off, it will
be found that the blast has hollowed out and maintained a passage
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through the scaffolding, the exit of which air is at or near the centre
of the cupola. This points to the efficiency of centre blast, referred
to later.

Fig. 47 also shows those parts of the cupola lining most sub-
jected to wear due to the combined action of the heat and the
rubbing of the descending charges. These effects, it will be seen,
are increased towards the level of tuyeres, immediately above which
the amount of wear is greatest. This region is also the hottest
part of the furnace, and is usually known as the zone of fusion.
It is necessary, after removing the scaffolding, that the hollow
portions, &c., referred to be made up after each day’s melting,
either by means of fire-clay scones set in fire-clay or other refrac-
tory composition (referred to later), in order to bring the inside of
the lining as near as possible to its normal size and shape.

Generally speaking, the interior of a cupola tends to become
larger throughout, as indicated by the blackened portions shown
up the sides, in Fig. 47, which also indicates a considerable amount
of wear at the bottom, where the metal is collected, by reason of
the high temperatures maintained there. Opposite the charging
door, again, we find that a considerable amount of wear takes place,
but in this case it is due to the pigs, &c., being thrown against
the lining. To minimise the amount of wear at this point, some
founders build in three or four courses of hollow cast-iron blocks
of 1} inch thickness of metal, but it is questionable whether there
is any marked economy by so doing.

The following particulars (Table XVI.) are the results from
a series of sixteen measured trials when melting pig iron, scrap, &e.,
in the ordinary or left hand cupola, Fig. 95, with a view to reduce
the rate of coke consumption, first-class quality of coke being used
throughout the trials. The improvement in economy of fuel will
be quite apparent towards the end of the series.

Amongst the many modifications or special appliances added
to the ordinary cupola, which jhave for their object the reduction
of coke consumed per ton of pig-iron melted, perhaps the one
which makes the strongest appeal is that patented by Greiner and
Erpfs, the special feature claimed for which is, that it prevents the
escape of carbonic oxide C O (the value of which is clearly shown
under the head of “Fuel” in pages 73 and 74) by injecting air
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TasLe XVL—COMPOSITION OF THE DAILY CHARGES.

No. Scra Ladle Char or Coke
= | Pig Iron. Iron. |Skimmings| TotalMetal. | Total Char. used per Ton
tons cwits. qrs.!tons cwts. tons cwts. | tons cwts. qrs.tous cwis. qrs.cwts.qrs, lbs.
1 18 2| 9 19| 2 6 J 216 8 0]1 15
2 152 10 0|12 1 3 6 67 16 0|6 9 2|1 38 17
3 |53 10 o011 18| 2 9 67 17 0|6 17 2|2 0 3
4 /55 10 0| 9 4| 2 9 67 3 0|6 18 0|2 0 6
5 (54 0 0|10 14| 2 9 67 3 0|6 19 2|2 0 8}
6 |52 0 0|13 10| 3 4 68 14 0|6 7 O0f1 3 11
7167 4 0| 7 14| 2 O 67 4 0[5 15 2|1 3 23}
8 {53 0 0|10 3| 2 10 65 13 0({6 1 2(1 3 10}
9 |52 3 o014 7 1 19 68 9 0|5 19 2|1 2 27
10 |52 0 0 8 14 1 2 61 16 0|5 0 2|1 2 14
11 54 10 o 9 12| 1 19 66 1 05 16 2|1 3 1
12 52 10 0|10 9| 1 19 64 18 0|5 2 01 2 8
13 52 10 o111 7| 2 38 66 0 0|5 4 2|1 2 9
14 54 10 0| 7 10| 2 19 64 19 0|5 2 0|1 2 7%
15 5 0 6| 9 12| 2 16 67 8 0|5 4 2|1 2 5%
16 56 5 0| 9 16| 2 1 68 2 0|5 7 O|1 2 8
Total 1066 10 2194 13 0|1 3 2%
cwt. qrs. lbs. _
Minimum rate of coke burnt per ton of pig iron, scrap, &¢. = 1 2 5%

through a number of small nozzles or tubes about 1 inch diameter
inserted through the side of the cupola, and arranged so as to make
a row in the form of a spiral, as shown on the right-hand cupola,
Fig. 45, which illustrates the application to an ordinary cupola, as
suggested by the owners of this patent, who have published the fol-
lowing comparative analysis by Pattmson & Stead, Middlesbrough,

in support of their claims : —

Nitrogen, &c. .. ..
Carbonic oxide CO ..
Carbonic acid CO, ..
Hydrogen ..

Products of Combustion.

Ordinary Greiner and*

Cupola. Erpfs Cupola.
Per cent. cent.
7550 7992
11-50 1-25
12-50 18:75
0-50 0-08
100°00 100-00

Both samples of gas were taken near the inside linings of the
cupolas, 50 as to obtain the waste gases which had been acted upon
by the upper tuyeres of the Greiner and Erpfs system.

The following particulars (Table XVII.) are.the practical results
obtained from an ordinary cupola fitted with the Greiner and Erpfs
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auxiliary tuyeres, as shown on the right-hand cupola, Fig. 45.
These two cupolas, being otherwise similar or in duplicate, and
put to work each alternate day, under similar conditions of fuel, &e..
should give a fair idea of the merits of such appliances :—

TapLe XVIL—COMPOSITION OF THE DAILY CHARGES.

| Piglno Scrap Iron Ladle Total Iron. | Total Coke. | Coke per
x| I | Smpleon | gl | Toul tron ke per
tons cwis. qrs. | tons cwis. qre. |tons cwts. qra. Iba tons cwta. qrs. (tons cwis. gre. [cwts. qrs. lbs.
1{5 10 0] 12 0 . 68 12 06 O0 0|1 3

2153 11 2113 16 1 . 67 8 3(5 19 0,1 3 1
3157 10 0| 9 16 O .. 67 6 06 11 0|1 322
4156 0 012 12 0 . 68 12 0/6 19 2|2 0 4
5157 10 014 17 0 .. 66 7 0(6 11 01 325
6|53 0 0(13 18 0 . 66 18 0 /6 6 2|1 314
7|8 10 0|10 2 0|016 0 0| 67 8 0|6 1 0|1 3 5
8155 10 0 8 16 2|2 0 3 0| 66 7 0|5 18 0|1 3 3
9153 17 012 0 2|1 9 2 0 67 7 0|6 1 2|1 38 5%
1055 10 0| 9 11 0|0 5 0 0| 65 6 0|5 3 0|1 2 8}
11|54 0 0| 7 16 0(013 0 0| 62 9 0|5 0 0|1 211}
12(52 10 0|11 1 1|1 8 2 8| 64 19 3|5 14 0|1 3 03
131563 10 0|11 C 2(3 2 0 0| 64 14 0|5 1 0|1 2 7
14|52 0 010 11 0)|113 2 0O 64 5 1|4 19 0|1 2 4}
15150 0 0| 8 15 3|1 2 0 O 64 17 3|5 3 0|1 2 93
1655 10 0| 9 5 0(010 0 0| 65 5 0|4 16 2|1 2 1
17|15 15 0| 9 9 0|2 3 0 Of 68 7 0[5 5 0|1 2 4
126 9 292 10 0|1 216

average
cwt. qre. lbs.

Minimum rate of coke consumption per ton of pig-iron, scrap, &¢. = 1 2 1
i.e. fully 1} cwt. per ton.

That there has been no marked improvement in efficiency by
the additional tuyeres may be due to the re-formation of carbonic
oxide, which will take place whenever carbonic acid CO, (resulting
from the additional air injected by the auxiliary tuyeres referred
to) comes in contact again with red-hot fuel ; to avoid which is not
always possible, even when the various tuyeres are comparatively

small, and arranged to form a spiral, as shown on the right-hand ;

cupols, Fig. 45, the object of which is that the heat developed by
combustion of the carbonic oxide at each tuyere (forming carbonic
-acid CO,) may be spread over a sufficient body of the charge as it

I;,;asses upwards, and thus keep down the excess of temperature at ;
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STEWART'S RAPID OUPOLA. 125

which carbonic oxide would again be formed, as in the earlier
stages, i.e, CO,; 4+ C = 2CO.

No doubt there are many instances where the conditions are
such as will enable a marked increase in economy to be derived by
the additional tuyeres arranged on the Greiner and Erpfs system,
which in theory is fundamentally correct. What has been said,
however, shows that in practice the gain in economy is somewhat
doubtful in some instances.

Generally speaking, a good deal of the increased economy
apparently derived from such appliances is the result of the greater
care in charging now advised and carried on, as compared with
the rough-and-ready methods previously adopted, to improve on
which may never have hitherto been seriously considered.

Stewart's Rarip Cupora.

Fig. 48 is an illustration of a duplicate set of No. 10 Stewart’s
Rapid Cupola, which, along with full particulars of efficiency
tests, were published in ‘ Engineering’ of December 1890. These
particulars may therefore be taken as fairly representative of the
economic possibilities of others of this type more recently con-
structed. As the name of this cupola suggests, it will be found
to melt pig-iron, scrap, &c., more rapidly than an ordinary cupola
of the same dimensions. In general details of construction this
cupola embodies a variety of modifications as compared with
the ordinary cupola, the merits of which will be more or less
apparent. In order that the products of combustion—sparks and
other incombustible grit—may be better under control, the usual
opening at the top of chimney is in this cupola closed, the neces-
sary outlet being formed at one side, and fitted with a suitable
damper or door, so that either cupola can be shut off while the
other or duplicate cupola is at work. After passing along the
outlet branch referred to, the gases, sparks, grit, &c., are con-
ducted downward, the latter being finally arrested, which otherwise
(s with the ordinary cupola) would be deposited on the adjoining
roofs, ultimately stopping the rain gutters, and generally giving
trouble. It has been found an advantage in some cases, howerver,
to remove this arrangement and return to the open-top cupola.
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This cupola is generally arranged with two charging doors,
especially in the larger sizes, by means of which charging may
go on simultaneously from beth sides. These doors are provided
with balanced cast-iron door-frames lined with fire-brick. They
are sometimes removed, however, so that in this respect also this
cupola becomes similar to the ordinary cupola with open charging
doorway. The essential points of difference, therefore, in this
cupola, and those which must remain, are, the method of supporting
the superstructure, the adoption of a separate chamber or receiver,
in which the molten metal is collected, and also the arrangement
of tuyeres. As regards the former, it will be seen that the ordinary
solid brickwork foundations are replaced by four comparatively
slender-looking columns, each 10 inches diameter and 5 feet long, in
order to facilitate the emptying or cleaning operation at the end
of each day’s melting. For this purpose the bottom is fitted with
a wrought-iron hinged door made in halves, which are securely held
in position by means of a suitable malleable iron bar passing across
the under side and made to slide into malleable iron staples fitted on
to the base-plate. In making the necessary refractory bottom inside,
care must be taken not to have it rammed too hard and strong,
otherwise the door may not fall when required. In such cases the
only way is to use levers and pinches in order to force the bottom
open. With this arrangement, before the bottom is opened a suit-
able bogie is run between the columns to receive what is left in
the furnace. This system, which is that generally adopted in
America, must be much easier on the men, as compared with the
usual method of drawing by means of long and heavy rakers required
in the case of ordinary cupolas having solid-built foundations.

With the separate chamber or receiver shown, the metal and
slag having become sufficiently liquid, continues to run down
through the red-hot char until it reaches the runner which con-
ducts them both into the receiver, where they are collected or
gathered until the top surfuce or slag reaches the level of slag-
hole. If the receiver is not then tapped, the molten metal con-
tinuing to come down will cause the slag to run over, after which
the metal will begin to overflow, just as with the ordinary cupola,
except that the molten metal in the receiver arrangement is free
from contact with the fuel, in which condition it remains suffi-
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ciently long to allow any suspended matter to rise and collect at
the top. By this means we should expect cleaner metal than when
direct from the ordinary cupola. The fact is that the slag is con-
tinually draining off and not allowed to gather about the fuel in
the vicinity of the tuyeres, where it may be chilled and form a
coating round the pieces of coke which shields the latter from the
farther action of the blast, causing the working temperature to be
lowered, and therefore an increased tendency towards the formation
of a scaffold as compared with the rapid cupolas, which should
work cleaner and give less trouble in this respect.

In Fig. 48 it will be observed that the hearth or lower portion
of the rapid cupola is considerably contracted. By this means the
blast will penetrate more nearly to the centre, so as to approach
the principle of centre blast.

The depth of the zome of fusion in this cupola is also greatly
increased by the adoption of three rows of tuyeres of the following
dimensions and arrangement :—

Area. Ratio.

First or bottom row contains three tuyeres, each 6 inches diam. = 84:81 = 1:00

8econd or middlerow ,,  three " 5 y = 5889 = -69

Third or top row 5y  BiX ”» 3 » = 42°36= 49
Giving o total area .. .. .. .. .. .. =186'06

The air passing through these tuyeres and forming the neces-
sary blast is supplied by means of & No. 6 Thwaites Blower, under
a pressure of from 26 to 28 inches, which requires a speed of from
180 to 190 revolutions per minute, as shown in Table XVIII.
on the following page.

As bearing on the comparative efficiencies of the system of
tuyeres in the foregoing, it should be observed that the ordinary
cupola, Fig. 45, had six rectangular tuyere-holes, each 7 by
4 inches, giving a total area = 168 square inches, by means of
which molten metal was brought down at the rate of from 4 to 5 tons
per hour with a blast pressure not exceeding 18 inches of water.

The effect of the increased depth of the zone of fusion resulting
from the use of the three rows of tuyeres may be increased wear
and tear of the lining, and consequent increased cost of up-keep.

Generally, owing to the pggsibility of a stoppaze or block up
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in the passage or runner connecting the body of the cupola with
the receiver, this passage should be carefully looked after, and kept
free when necessary by means of a pricker entered through a hole
directly opposite in the wall of receiver. If a stoppage should take
place, the molten metal will soon rise so high inside the main
body of cupola, that it will run down and choke up the tuyeres ;
and, indeed, this has occurred, and the damage done before the
choking up was known to have taken place.

The uptake tube connecting the upper portion of the receiver
with the main body of the cupola charge should also be carefully
attended to, in order to insure that the hot gases blown down into
the receiver will escape freely and cause a current of hot gases
over the surface of the molten metal collected therein, by means
of which it is maintained in a sufficiently liquid condition. Should
this uptake passage become choked, the efficiency of the receiver
to maintain hot metal would be very much reduced, and be little
better than when the metal is collected in an ordinary ladle.

Fuel Consumption, as compared with the various points of
merit referred to, will after all be perhaps the most interesting
item of consideration to founders in selecting any particular form
of cupola. As to the merit of the Stewart Rapid Cupola in this
respect, we give the following abstract from the official reports of
tests made and published along with the illustrated particulars in
Fig. 48:—

TasLe XVIIL

No | Weigl formin Time | Metal | Tres: | Fet ’ ower
0 eight . [orming me eta es- | Feet of | Blower,
A Coke used + Coke per ton, N .
f | of Iron Bed, SN ’ f | began| su A Speed
Test., Melted. | P10 | Ao | FUsion only. ingtting “to'run | *of | Cort: of per
per ton. Blast. | Coke. | min.
t:m‘s. ) cwts. qrs. 1bs. 'qrs. 1b<. lewts. qrs. Ibs. | hours. :_m;: _ln«. | T
1 {2072 1 8;2 21 ‘ 12 9.3 10 26~25'22,072 190
2 (18912 0 10|12 271 1 11,325 12 |28-8023,201] 180
3 |194(2 0 072 2511 1 3|341 ! 20 27'1‘224,859I 180
|
4 (20026{1 3 14 |2 21 |1 0 21 I 3-16 : 10 28'00"23,50()‘ 180
| l

Although these results should be considered very satisfactory
in general practice, yet they do not show any marked superiority
over the other or ordinary types of cupola already referred
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to as regards fuel economy. By reducing the best of the various
results obtained from these different types of cupolas to a common
basis, we obtain the following :—

Ordinary Greiner and Stewart’s
Cupola. Erpfs Cupola. Rapid Cupols.
cwts. qrs. Ibs. cwts. qrs. lbs. cwts. qrs. lbe.
Best coke average consumed per
ton of iron melted overhead .. 1 2 5% 1 2 1 1 3 14
Coke to formbed .. .. .. 0 1 5% 0 1 5% 0 2 21
For fusion only requires .. .. 1 1 0 1 0 23} 1 0 21

The best coke average, however, represents the true commercial
value of any system.

HerBerTz AND WHITING CUPOLAS.

Fig. 49 illustrates the Herbertz Patent Steam Jet Cupola, made
at Cologne, in Germany, and therefore more extensively adopted
on the Continent ; quite a number, however, are in use throughout
this country. By reference to the section shown, it will be seen
that the air for combustion is induced by means of a jet of steam
at S in the downcomer, somewhat similar to that in the “ Wood-
ward Steam-Jet Cupolas,” illustrated in pages 110 and 111, so
that no external machinery or blower is necessary. An important
feature in such an arrangement is the absence of sparks and ashes,
these being conducted along with the products of combustion, and
deposited in some suitably arranged receptacle ; so that cupolas of
this type may be in use in places where the ordinary cupola would
not be tolerated or even safe. Another important feature in the
Herbertz cupola is the continuous annular space formed for the air
inlet, by which combustion and fusion of the metal proceed more
uniformly, both of which are favourable conditions for an economical
and a clean working furnace. This annular space, which separates
entirely the lower or hearth portion from that of the upper shaft
containing the alternate charges of iron and fuel, is also capalle of
adjnstment by means of four vertical screws, by which the hearth
is also supported on a carriage mounted with wheels to run on
rails, as shown. By this latter provision the hearth portion of the

K
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cupola can be run out from below, to facilitate the-cleaning and
repairing processes generally. The method of charging in this, as
in Woodward’s cupola (page 111), is from the top, and similar to
that in blast furnace practice, also that for the charging of the fuel
into gas producers, as shown in Figs. 34 and 35, pages 89 and 94.

Fia. 49.

The other details, being sufficiently illustrated, need no further
reference here.

Fig. 50 illustrates still another form of cupola, known as the
“ Whiting Cupola,” made in America by the Whiting Foundry
Equipment Company, near Chicago. The special feature in this
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cupola is the patented arrangement and construction of the system
of tuyeres, for which it is claimed that the blast is better and more
efficiently distributed than is the case with the ordinary arrange-
ment of tuyeres. In this the air blast at A, it will be seen, is

/

offe o o o o o

AP

EvLevation. SecTiON.
Fia. 50.

admitted through a small area which is expanded into a large

horizontal opening on the inside of the cupola, so that the air

reaches the fuel spread over an area nearly double that through

which it previously entered the tuyeres; thus, while the volume of
K 2
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air introduced is the same, it is made to act over a great area of
fuel, by reason of which, also, the force of the air blast as it meets
the fuel is correspondingly reduced and is therefore much softer.
In this manner, it will be observed that the various expanded
tuyeres form an almost continuous circular tuyere similar to that
of the Herbertz cupola. Another feature in the Whiting cupola is
that the tuyeres referred to, and forming the first or lower row, are
arranged so that they are capable of being adjusted vertically,
which feature the makers consider desirable, so that the tuyeres
may be adjusted to suit the class of work, kind of fuel, or changes
in the inside diameter of the cupola. The upper row of tuyeres
shown are capable of being closed by means of independent dampers,
and may be utilised when a greater supply of air is required in a
given time, say for quick melting or large heats.

The air-inlet branch A P is fitted to the side of air belt, 8o that
the air blast enters the annular chamber in a tangential direction,
causing it to rotate around the shell with a spiral-like motion, by
reason of which friction is reduced and corresponding economy of
power is obtained.

As regards the rate of fuel consumption obtained, the makers
state that in a Whiting cupola of average size, with good heats, the
proportion of iron to coke, bed included, is 10 to 1, i.e. 2 cwt. of
coke per ton of iron melted. Special records, however, have been
obtained, showing ratios up to 13 and 14 to 1 when on very
moderate heats, melting iron for architectural and general foundry
work, i.e. equivalent to 1 cwt. 2 qrs. 44 Ibs,, and 1 ewt. 1 qr. 20 lbs.
of coke per ton of iron melted. Such results, when compsred with
those obtained from theoretical considerations, as stated in pages 162
and 163 it will be seen, approach the theoretical limits there laid
down, and must therefore be considered highly satisfactory.

"!
'
CexTRE Brast.

Among the latest developments in cupola practice \is the intro-
duction of the air blast at the centre by means of a cetitrally fixed
pipe of suflicient length that the orifice will always Ite above the
highest level of molten metal in the cupola. The earlifest sugges-
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tion of practical importance seems to be that of T.D. West, of
America, in 1889, which, later on in 1892, he practically adopted
in the manner illustrated in Fig. 51.

U is a passage formed in one-half of the trap-door, for con-

Section of Cupola.

N

Sec&ilon of §: Section of
P- Tuyere.

Plan of Trap Door.

Fia. 51. i
ducting the air to the centre tuyere. The sectional area necessary
is one-thirtieth of the sectional area of cupola.

V, the width of the circular orifice, should range from 2} to
3 inches, larger spacing being adopted for long heats.
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W and L are branches from the main blast pipe, fitted each
with a valve, so that the required amount of outer and centre blast
can be regulated independently.

To the left, in Fig. 51, is an enlarged section of the cap casting,
which should not be less than 1} inch thick, in order that the
refractory coating shall adhere firmly and resist the downward
action of the cupola charge or load. This casting should have
large prickers, as shown at C, D, E, about 2 inches long; the lower
edge at A and B should also be closely pricked with a double row
of }-inch rods or nails. The recess J should be 3 inches deep, to
suit cap-holders Y, Y, Y.

To the right, in Fig. 51,is a cross-section of the centre tuyere
tube, which is also made of cast iron, ribbed vertically, as shown.
Malleable iron rings are also shrunk on as shown, in order to
further secure the refractory coating. The coating should be well
dried before being subjected to the working temperatures.

In Fig. 51 is also shown a plan of the drop door, from which
it will be seen that it is in two halves, each being hinged at
opposite sides. In one half is formed the centre tuyere and con-
necting air passage.

Centre blast may be used alone, but it is recommended in
conjunction with the side or ordinary tuyeres, the latter being, of
course, reduced in area proportionately. The centre tuyere in
such cases should be rather higher than the side tuyeres. By
such modifications in the method of supplying the air for com-
bustion, fuel is said to be economised, less wear and tear in the
lining, less absorption of sulphur, also hotter and cleaner iron, &c.
The following statements by Mr. West regarding the rate of coke
consumption are, however, more practical, and will serve for the
purpose of comparing coke efficiency with that of other types of
cupolas.

With heats running from 40 to 70 tons in a cupola with centre
and ordinary blast combined—

Fudl, including bed 1 1
= .5 to:5

Ratio : — | o melted 1t

With a similar cupola, but without centre blast, and otherwise
under exactly the same conditions of fuel, flux, blast, &e.—

[



DOHERTY CUPOLA PROOESS. 135

Fuel, including bed _ 1
Iron melted 9~

Fuel 1 cwts. qrs. lbe.
jo: . ~uel  _ - ; ¢ iron.
Batio Iron melted ~ 9’ equivalentto 2 0 25 ooke per ton of iron

Best results. Ratio:

” ”» =lll » 1 3 8 " "
=1 1 2 4
" » i3 .

Taking these results as they stand as representing the merits
of centre blast, there does not seem much to claim on the point of
economy, as compared with the results obtained with the ordinary
cupola, Greiner and Erpfs, or Stewart’s Rapid Cupola, already re-
ferred to. Further details as to results of practical tests with the
centre blast are necessary before a satisfactory idea of its merits
can be formed.

Another process in cupola practice is that suggested by Doherty,
in which the essential feature consists of introducing dry steamat a
pressure of about 80 pounds per square inch along with the air blast
at each tuyere, the action of the latter having the desired effect of
finely dividing the steam as it enters the cupela. By these means
it is claimed that the temperature of the furnace is materially in-
creased ; also that the free hydrogen resulting from the decomposi-
tion of steam (H;0) tends to the purification of the metal. That
these advantages will be attainad is not quite evident, when it is
considered that, in the first place, the direct effect of injecting steam
on red-hot fuel is to lower the temperature, owing to the abstrac-
tion of heat from the red-hot fuel—as already described in relation to
gas producers—which is the only source of heat necessary for disso-
ciation or decomposition of the two elements of the steam (H,0).
Again, even after decomposition the free hydrogen present is not
likely to combine with any of the various elements present in pig
iron to any material extent, because hydrogen has less aflinity than
the adjacent iron for most of the elements present in pig iron ; and
as for any increased efficiency in the coke consumption, it should be
remembered that the quantity of heat developed by recombination
of the dissociated hydrogen (even if its combustion took place
within or throughout the charge) is just equal to the quantity of
heat absorbed in the first place to effect its separation from the
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oxygen when in the form of steam (H,0); so that the heat
apparently gained simply balances the amount of heat previously
spent, and therefore there is no actual gain in the total heat

developed.

CupoLas GENERALLY.

The proper shape of the interior of a cupola is a subject on
which there is considerable diversity of opinion, as indicated by
the various forms illustrated. In the later examples of ordinary
cupolas already referred to, the sides are very slightly curved in
some, and in others they are almost straight and slightly inclined,
go a8 to increase the diameter at the charging door. It has also
been suggested that the correct form of a cupola, from the tuyeres
upwards, should approach that which the interior assumes after
doing work. This certainly points to increasing the diameter
immediately above the tuyeres at the zone of fusion; it also
suggests that the blast should be directed as near to the centre
as possible corresponding to centre blast, or something approach-
ing centre blast, such as by contracting the area at the tuyeres, as
shown in Figs. 41, 42, and 43. In carrying out the latter idea
care must be taken not to reduce the crucible portion of the
furnace below that which is capable of collecting the required
amount of molten metal; and for that reason, in some of the
instances referred to, that portion of the cupola below the tuyeres
is again expanded. The tuyere-holes should be slightly inclined
downwards towards the centre of the cupola, in order that molten
metal may not lodge or accumulate so readily in these passages.

Any system which leads to the re-formation of carbonic oxide
into carbonic acid (CO,) permanently, so that it escapes as such at
the top of the charge, must considerably increase the fuel efficiency
and economy. Further economy would also be obtained by the
proper utilisation of the sensible heat of the gases at present
passing oft at the chimney top.

For small cupolas a lining of well-rammed gannister may be
used, or washed scrapings from off flizt roads, if in a clay district.

The material was at one time commonly applied by ramming it
down between the inside of the cupola and the outside of & wooden
core or block of the same shape as the cupola, but so much smaller as
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to leave the desired space for the lining. The wooden block must
be so made as to be easily taken to pieces to be removed, on the
principle of a bootmaker’s last. This plan is still occasionally
practised, especially in France. Great care is required in drying
this lining, as it is difficult to prevent unequal drying, when parts
of the lining will probably become detached the first time it is put
in blast.

1t is therefore decidedly preferable to use special fire-bricks, or
“lumps ” for the lining, especially for large cupolas, although as a
refractory material gannister is scarcely to be surpassed, consisting
of nearly pure silica, with a little oxide of iron and alumina.

In the choice of fire-bricks care must be taken not to rely too
implicitly upon a mere analysis of their constituents, as a good
deal depends upon aggregation of the particles; for two clays
may resemble one another very closely on a comparison of their
analyses, and yet one may be very fusible whilst the other is
extremely refractory.

The fire-brick lining, except for portables, should never be less
than 9 inches thick, the bricks all being laid as “headers,” with
fire-clay joints not exceeding about one quarter of an inch in
thickness.

The fire-clay used for this purpose, and also for backing up
the brickwork to the casing of the cupola, should be the same clay
as that from which the fire-bricks have themselves been made, so
that when at high temperature there shall be no tendency to any
chemical reaction, such as might be caused by only a slight
variation in the constituents of the clay.

For the same reason it is necessary that the fire-clay be kept
in a covered store, protected from dirt, rusty borings, or other
rubbish likely to injure its purity.

The damp, loamy sand used for the bottoms of cupolas should
not contain much alumina, and should be rammed well down,
especially where it touches the walls. It shonld be about G inches
thick at the outer edge, slightly hollowed towards the centre, and
with a good fall towards the tap-hole.

When the cupola has a movable iron bottom, care must be
taken not to put so little sand on it as to risk burning the trap
away, whilst, on the other hand, if the bottom is too thick, it will
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be more difficult to break down when it is wished to empty the
cupola, especially if the sand contains a large percentage of clay
tending to make it bake hard and solid.

TuyEREs.

The tuyeres for large cupolas may be protected from the heat
to which they are exposed in the same manner as blast-furnace
tuyeres, but the destructive action to’ which they are exposed is
less than that which blast-furnace tuyeres have to bear, where
they carry in highly heated blast into the furnace.

The usual method of protecting a tuvere is by keeping up a
circulation of cold water round it, which is effected in a variety of
ways, great care being necessary to prevent any leakage into the
furnace, a source of much danger to the men.

Until recently all the tuyeres in use since the introduction of
hot blast first necessitated a water tuyere may be classed under two
heads, namely, the coiled tuyere and the water-jacketed tayere.

The coiled tuyere is generally made of a coil of wrought-iron
tube imbedded in the sides of a hollow case of cast iron. Some-
times the coils are wound close at the nose of the tuyere, in order
more effectually to prevent the cast iron from burning; and some-
times the tuyere itself is formed entirely of a coil of tube, closely
wound from end to end.

The water-jacketed tuyere is generally made of wrought iron,
and consists of two conical tubes of different diameter, connected
at each end by rings of wrought iron welded in, so forming a space
between the two concentric walls of the tuyere, which is fiiled with
water supplied under pressure, and generally brought in through
a feed-pipe at or necar the bottom of the tuyere, and allowed to
escape through a second pipe in the upper side.

Phosphor-bronze tuyeres are generally fixed in a cast-iron
casing or box, beyond which they project into the furnace for the
greater part of their length, and they are so arranged that they
can be turned round in the cast-iron plate or box in order to
expose a different side of the tuyere to the action of the materials
in the furnace. Greater durability is claimed for phosphor-bronze
than for gun-metal or copper, but each metal possesses the same
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advantage of preventing adherence of slag, scorie, or iron to the
nozzle of the tuyere, which is the only object to be gained by the
use of copper or its alloys in preference to iron. Additional pre-
cautions as to water supply have to be taken where such metal is
used ; as, owing to the low temperature at which it melts, a copper
tuyere may be more rapidly destroyed than an iron tuyere where
any overheating is possible ; but under favourable conditions both
gun-metal, copper, and phosphor-bronze tuyeres have been found
very durable, and the advantage gained by keeping the blast
nozzle always clean and fully open is an important one.

The open spray tuyere invented by F. H. Lloyd, Fig. 52,
consists of two concentric conical tubes. closed at the nozzle but
open at the rear end. The water
supply is connected in the usual
manner with a flexible hose, and
various systems of spray pipes
are used to suit various shapes of
tuyeres and various conditions of
water supply. The spray pipes
are made either of wrought iron,
brass, or copper, and a sufficient
amount of water is allowed
to escape through small holes or slits in the spray pipes to
protect every part of the tuyere casing which is exposed to the
heat of the furnace. The spray or jet of water from each hole in
the spray pipe spreads over a considerable surface, and a small
number of holes is, if they are properly placed, sufficient to keep
the whole interior surface of the tuyere casing constantly wet.
Scarcely any steam is visible, and the waste water passes away,
after cooling the tuyere, at a temperature little exceeding that at
which it entered, unless a large portion of the tuyere is exposed to
violent heat, in which case the temperature of the waste water is
certainly no greater than it would be from a tuyere of the old
system placed under the same conditions. The spray is principally
directed to the loose end of the tuyere and beats back to some
extent on the top and sides, which are also protected by a sufficient
number of additional sprays from holes drilled in the spray
pipes. The water falls round the sides and end of the tuyere and
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escapes from the back through the waste-water pipe as shown in
Fig. 52.

The number and position of the tuyere-holes very much
depend upon the size of the cupola, the quality of coke, and the
nature of the pig to be employed.

For some small cupolas, only one tuyere is used, which is
placed at the back of the cupola, about 15 inches above the bottom.
According as the diameter of the cupola is increased, so must the
number of tuyeres be increased around it in the same horizontal
plane in order to generate a uniform heat at ail points in the
furnace. If the cupola is of a comparatively small diameter, several
tiers of tuyere-holes should be arranged one above the other, 8 or
10 inches apart, so that if it is required to melt a large quantity
of iron at once, the tuyeres can be raised from the lowest range of
tuyere-holes to the range next above it, the first range being
plugged with fire-clay ; when the iron is melted to the level of
the second range, it is also stopped up, and the next higher put
in operation.

But the process is s much simplified by having a cupola of large
diameter capable of holding a considerable quantity of liquid iron
with but a small rise in height inside. There is then no necessity
for more than two or three tiers of tuyere-holes. Of course, these
observations do not apply to cupolas furnished with a belt.

It is obvious that if still larger castings are required, the metal
can be accumulated in this way in ladles from two or more large
cupolas, without the inconveniences of tho shifting tuyeres, and
the dangers arising from the pressure of great heads of metal
necessarily iucurrel with cupolas of small diameter. There is,
however, a limit of time in this intermittent procese. In the first
place, it is obvious that the metal must not be kept too long in the
ladle before pouring ; and in the next place, slag will accumulate
in the cupola, and the yield of liquid iron per hour will be con-
siderably decreased.

The air-main from the fan to the enpola is provided with one
or two upright cast-iron pipes, which may either lead into another
pipe surrounding the enpola, or be connected direetly to the tuyeres.

In the first case the pipe surronnding the cupola has as many
cpeuings in it as there are tuyeres, and the nozzles of the tuyeres
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are attached to these openings. In the second case, where the
tuyere nozzles are fixed on the upright blast-pipes, it is obvious,
there must be as many upright pipes leading from the blast-main
a8 there are tuyeres in the circumference of the cupola.

In arranging the air-main from the fan to the cupolas, by-pass
valves should be so arranged that the blast can be shut off from
any one cupola at any moment, without interfering with the supply
of blast going to the others. In some forms of those furnaces
provided with a belt, means are provided for separating the blast
of the upper or lower row of tuyeres, or again from any particular
pair of tuyeres, at will.

It is sometimes advisable to have a movable iron screen to
protect the furnace men from the heat and smoke which issue from
the feeding mouth during windy weather, but however easily these
refinements can be made to work, the men seldom avail themselves
of their use; besides, when & cupola is in blast, the furnace man
has to keep a sharp eye upon the feeding mouth, {o regulate the
supply of materials, the proper combustion, and the uniform descent
of the iron and fuel.

One of the most important modifications in the construction
of the cupola has been the introduction of the falling hinged
trap-door, shown in Voisin’s furnace, Fig. 43, to allow of the
whole contents to be dropped into a pit bereath the cupola, after
tapping ; by this arrangement the cupola is much more easily
and quickly emptied when “done work,” than by the old and
fatiguing process of “raking out.” When this arrangement can
be adopted, that is, when there is the power to have a clear gang-
way left beneath the range of cupolas, it is necessary to pay great
attention to the proper arrangement and strength of the sujports
for the cupolas.

A brick tunnel for the blast-pipes should be built behind the
cupolas, the back and fronts of the cupolas should be carried on
strong brick piers, with a vaulted brick passage passing directly
under the cupolas, leaving the central portion of the bottom of each
cupola quite free. Light iron trucks runring on rails laid in this
pas-age will be brought under any cupola that is to be emptied,
will receive its load of coke and slag, and will be run away to the
pit, where its conteuts will be emptied and quenched, preferably
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by a hose and jet, so a8 to avoid unnecessarily saturating the coke
as is done when it is bodily cast into water troughs to be cooled,
and when the coke is again used, the whole of that water has to
be evaporated.

The mode of forming the trap-door is as follows :—The brick
lining of the cupola rests upon a strong flanged iron ring, which
is supported by cast-iron columns resting on the brick piers. The
central circular aperture, as large as the interior of the cupola left
by this ring, is closed by a wrought-iron trap-door hinged to the
back of the cupols, and secured in its place by bolts, which can be
easily drawn by a sharp blow, so as to let the trap fall vertically,
when the whole of the contents of the cupola will be received in
the trucks beneath.

The trap being left open, allows a current of cold air to pass
up through the cupola and chimney, so that in the course of about
twelve hours the lining has cooled down sufficiently to allow the men
to repair it, and put in a fresh bottom of loamy sand.

In places where this system cannot be adopted, and the raking
out of the cupola from the front, on the old plan, is to be used,
the breast opening should be left about 2 feet square, to be closed
by a falling apron of wrought iron, having a small opening left
at its lower edge for the tapping hole, 4 or 5 inches wide, by
6 or 7 inches high.

When the cupola is to be charged, the apron is left full open;
firewood and coke are charged into the cupola and ignited, and
when the coke is well alight, a quantity of loamy sand is shovelled
into the breast opening until it is quite full, and is tightly rammed
in; the apron is then brought down forcibly through the super-
fluous sand ; or the apron may be closed before the fire is lit, and
the furnace man, when putting in the sand bottom, must also fill
up the breast opening with the same material, solidly to the iron
apron, and to the full thickness of the brick lining of the cupola.

In either case care must be taken to preserve the tap-hole
(made as before described) open, which must be on the level of the
shoot outside. This tap-hole is, of course, placed so as to come
within the orifice left on the breast opening.

When the metal commences to flow, the tap-hole is closed in
the usual way.
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In the disposition of a range of cupolas, attention should be
particularly directed to placing them conveniently for access with
the raw materials, all of which it must be remembered have to pass
along the charging platform to the furnace mouth, and are much
more bulky and weighty than the output of castings.

It is advisable to keep the cupolas, the tapping floor, and the
charging platforms in a separate building from the rest of the
foundry, but communicating with it, and to have it covered with a
light corrugated iron roof, but provided with means of obtaining
ample ventilation.

The charging platform must be strong enough to bear the
passage of the heavy loads of materials passing over it, and of
sufficient area to allow of the separate stacking of the coke, lime-
stone, pig and scrap iron employed in each cupola : also for the fire-
brick and fire-clay required in repairs and lining.

There are various methods employed for raising the materiuls
on to the charging platform, the most costly and inconvenient of
all being manual labour, except in cases of very small foundries.

A travelling steam-crane which can be moved to serve any one
of the range of cupolas, or a hydraulic lift, such as that shown on
Fig. 40, page 108, which will hoist a truck load of coke or iron from
the ground level to the platform, are the arrangements employed
in the best works; all materials reaching the charging platform
should pass over a weighbridge, and the furnace man in charge be
made to keep an account of these deliveries.

In charging coke into the cupola, a wide steel fork, with about
eight round tines or prongs, will be found more convenient and
economical than the common shovel generally used, as the coke will
be less broken, whilst the breeze and dirt will not be thrown into the
cupola, as with the shovel.

In cases where the coke is very friable, or has had to bear much
carriage, the percentage of breeze becomes a material element in
the cost of fuel ; if thrown into the cupola, much of it is immediately
blown away, whilst any dirt put in with it of course represents so
much the more slag to be dealt with.

The breeze, if kept clean, can be ground into coke-dust, to be
used by the moulders. -

Supposing the cupola to be cool, but in good working order as
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to lining, tuyeres, &c., the falling iron door at the bottom, if the
cupola is provided with one, must be closed, securely fastened in
its place, and then well covered with sand ; moulding sand is used
when only a small quantity of iron is to be smelted; if a large
quantity of melted metal is required, a more refractory sand is
desirable. A wood fire i then lit in the cupola, upon which coke,
coal, or charcoal is placed, the tap-hole being left open to supply
air to support the combustion, the tunyeres also being left open.
When the furnace is thoroughly heated, and combustion has
extended itself well up and above the tuyeres, the fan, or blower,
is put to work. Before putting on the blast, however, the large
tap-hole must be closed with moulding sand, or good fire-proof clay
and sand mixed, leaving a small hole at the bottom, which serves
as the tap-hole for the iron. This should be about 2 inches
diameter, and is formed by placing a tapered iron bar in the
place where the hole is to be, ramming the sand tightly around
it, and removing it as soon as the hole is properly and secarely
moulded. When the blast is put on it will drive a flame through
the tap-hole, as well as out of the top of the cupola. The tap-hole
is left open to dry the fresh loam and sand, and also that its
sides may be glazed or vitrified by the heat, so as to resist the
friction of the tapping-bar; the heat also serves to glaze the lining
of the cupola in those parts which have been mended with fire-clay
since the last smelting.

When the cupola is intended to hold a large quantity of
iron, the large tap-hole should be covered with an iron plate,
secnrely fastened to the iron casing, leaving only the small tap-hole
open.

Commence charging iron as soon as the lower parts of the
furnace show a white heat, which is best known by the colour of
the flame issuing from the tap-hole, it being at first a light blue,
but afterwards becoming of a whitish colour. About ten minutes
after charging the iron, the melted metal appears at the tap-hole,
which must then be closed by a stopper made of loam, which has
been worked by hand to a proper consistence ; a round ball of this
is placed on a disc of iron at the end of an iron rod, and is forced
into the tap-hole; this is also done when it is wished to stop a
tapping out with the bott or bod stick, as it is called, but is then a
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more difficult operation, as the molten iron frequently squirts out
pass the bott stick whilst the men are trying to apply the plug.

The cupola should be kept full whilst in blast, or at least so
long as iron is melted, by alternate charges of iron, fuel, and lime-
stone. Kuel is generally put on first, then iron, and, lastly, the
limestone, and the charging continued without intermission, until
all the iron required at that time is melted, when the charges are
siopped. The blast is, however, kept on until all theiron has been
fapped. As a matter of experience, it has been found that the
interior form of furnaces greatly affects the condition of the metal,
and thus influences its applicability to certain uses; thus cupolas
which are larger in diameter at the bottom than at the top work
hotter than those with parallel sides, and also last longer, as the
melted iron, which is apt to cut the fire-brick, then sinks more
through the materials in the body of the cupola than it does in
cupolas with parallel sides. The amount of taper to be given to
the lining depends upon the size of the cupola; a large one will
bear more taper than a narrow one.

If it is intended to melt different qualities of iron in the same
heat, a thick layer of fuel should be placed between the various
brands, so as to allow of the extraction of all the iron which was
first charged, before the second appears at the bottom.

In such cases it is preferable, to first melt the grey iron, or that
iron which is to make soft castings, and white or hard iron after-
wards.

When as much iron is melted a8 is required, the clay plug of
the tap-hole is pierced by a sharp steel-pointed bar, or iron rod
driven by a hammer, and the metal run into pots, or it is run
directly into the mould by means of gutters moulded in the sand
of the floor. Between each successive tapping of the iron, the tap-
hole is closed, and more iron is allowed to accumulate in the bottom
of the cupola.

‘Where more iron than the furnace will hold is required for one
casting a portion of it is poured into a large ladle, which is kept
until another charge is ready, and this process, as before remarked,
may be so managed as to obtain good-sized castings from & small
cupola.

poLeas eoke is consumed when the fusion is pushed more rapidly
L
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to collect a greater quantity of metal for heavy casting, as the iron
required besides is not so hot as for smaller castings. About one-
half more coke, on the contrary, is consumed in melting metal for
hollow ware, and ornamental work, as these thin, straggling castings
require metal at a much higher degree of . heat than the larger;
and were such metal suffered to remain long in the bottom of the
furnace, it would run a risk of getting too cold to afford sharp
impressions of the moulds.

The greatest source of waste, however, occurs when iron is
taken from the same furnace at one time for light, thin goods and
for heavy work. For as iron becomes less fluid the lower its tem-
perature falls, it may be at first at such a temperature as will be
suitable for the former kind of goods, while iron at a much lower
one would be suitable for heavier casts. We may observe that when
iron is drawn too hot for such a purpose as the latter, it must be
allowed to cool before being poured, and the cooling is quickened
by the introduction of scraps into the melted mass.

In foundries turning out 60 to 100 tons of castings per day of |
12 hours, six men are necessary for the charging and general re-
pairs to the furnaces, when in duplicate, as shown in‘Fig. 33, viz:—

One man for charging and generally superintending.

One man for assisting in the charging direct.

Two men for breaking the pigs into two pieces and placing
these conveniently for the men charging the furnace.

One man to stand by at the tapping Lole and superintend the
regulation of blast, 8o as to supply the required quantities of metal
from time to time.

One man for breaking down scaffoldings, &c., and fettling the
furnace generally, ready to commence charging, also lining the
metal ladle inside with loam or rock.( sand. One man or more may
be required, according to circumstaynces. This, however, must be
left to the judgment of the foundry {manager.

When the work of the cupola is over, the workmen referred
to commence opening up and cleaying out the remaining red-hot
char and metal. To this end they dbreak down the temporary clsy
work that narrows up the tapping (oor to one small hole. Having
cleared this away, a plate-iron ferice is set up opposite the door
behind which the workman stands cand over which he shoots a log
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rod, kneed at the end, into the farnace to loosen the contents, con-
sisting of refuse coke and clay, and drags them out while yet hot ;
for, if suffered to remain till cold, they would be congealed into one
compact mass. This operation is much more easily performed in
cases where the cupola is built with a movable bottom, as has
already been described, as it is a very slow and laborious task when
done with the raking bar.

The quantity of coke consumed depends not only upon the
qulity of the coke itself, but also of the iron to be melted. Thus
No.1 hematite or cold-blast iron requires much more coke than
Sootch or Cleveland. Anthracite coke, which is harder and denser
than sy other coke, requires a stronger pressure of blast for its
eflectivd combustion, and in such cases a blower is to be preferred

iy absolutely necessary that the furnace should be kept in
ojpair, so as to preserve its shape, and the charges should

Mars its proper relation to the preceding, which can only be
y constantly using the weighing machine.

very smal} unless the temperature of the air can be brought up to
to 1000°, although it is well known that with blast-

could be worked up to or a little beyond 800°; these
being rapidly swept away in England, America,
Belgium, to be replaced by fire-brick stoves, with which
the blat oy Mbe heated to about 1200 or 1400° Falr.

) Itmusn..iz remembered, however, that to produce a ton of pig
o frog the *ironstone requires a consumption of 20 to 25 cwt. of

L2
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coke, sometimes even more, and consequently when it is clearly
seen that by adopting fire-brick stoves to obtain a high temperature,
a saving of at least 5 cwt. of coke is effected for every ton of pig
produced, an ironmaster can at once appreciate the fact that such
appliances will very soon pay for themselves.

Unfortunately for the cupola its case is by no means so clea.r
In the first place, only pig iron is melted in it, and that generally
not in very large quantities at a time, and most cupolas are only
worked intermittently. The consumption of fuel for the work
done is not very large, seldom exceeding 2 cwt. of coke per {on of
iron brought down, consequently the general feeling appears/ to be
to construct cupola.s of the best known form, but not to adop costly
appliances for saving fuel, as they involve complication, are
liked nor understood by the men, and even if successful
alteration in the profit of the concern. Such reasoning }i
obstructive of scientific improvement, but may be very g
tical wisdom.

Notwithstanding this laissez-aller principle, there hafive been
many attempts to heat up the blast supplied to cupolas, butl in most
cases failure has occurred from the difficulty of obtainingff & really
high temperature. [

It has been proposed to surround the cupola with | a jacket;
others have placed piles of air pipes and passages over thdawe cupola
mouth to abstract the heat from the waste products of; combus-
tion, but in such arrangements the iron exposed to thegir heat will
not long stand a high temperature without warping arigel leaking,
and a low temperature, as before remarked, is of noj practical
utility.

In country works there are times when a small
metal only is required to be melted, much below the -
of the cupola, and if for this small cast of metal it is

Euantity of
nal burden

necessarily burnt, and much time lost.

One remedy for this evil, a8 practised in France,
building a cupola rather large in diameter, and lining i
damp, loamy sand, rammed hard into place round
wooden cores, which are afterwards removed.

This arrangement gives the power of varying Jshqhe internal

——————— -
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capacity and shape of the cupola to a large extent, at a compara- -
tively small cost, and with no very great delay.

In the United States pulverised coal and fine slack have been
used in cupolas. The practicability of this utilisation of a com-
paratively waste product was discovered in the following manner.
There had been some trouble through scaffolding in the cupola,
and to melt down the “ Salamander,” the manager withdrew the
tuyere-pipes, rammed in a lot of small coal through the tuyere-
holes, and again put on the blast. The scaffolding was removed in
a very short time, and the work proceeded as usual. The blast-
pipe was then perforated, and a small quantity of fine coal was
supplied to the cupola through the tuyeres, which it was found not
only prevented scaffolding, but cansed the cupola to work much
more rapidly. The great waste in melting iron in a cupola usually
occurs at the zone of the tuyeres, on account of the large quantity
of air blown in, and the absence of carbonic oxide at that point.
What little carbon the air comes in contact with at this point
forms carbonic acid, which is almost as destructive to the iron as
free oxygen.

The principal waste of the metal occurs after its fusion and in
its passage through this carbonic acid and atmosphere.

By the injection of the fine coal with the blast its combustion is
secured at the zone of the tuyeres, producing carbonic oxide, and
thus preventing the oxidation of the descending metal.

. Beyond saving the waste of iron by this improvemert, a much
larger percentage of the carbon which the pig contains is trans-
mitted to the converter, an advantage which would also be of great
value in all cupolas for melting iron for castings, as the chief
difficulty in that line is that the carbon is burnt out of the metal;
the metal thus prepared is also said to run more fluid, and to
produce finer and tougher castings than that melted in the ordinary
manner.

In concluding this section we wish to impress upon the
foundry manager the importance of sccuring the good working of
his cupolas by selecting the furnace men from among the most
intelligent of his hands, for most of the trouble in the works has
its origin at the furnace. If this is cobbled and not kept in every
way as it should be, constant annoyance will be the result.
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CurorA Sraag AND Fruxes.

When dealing with the various qualities of pig iron in a previous
chapter, it was advocated strongly that the various brands of pig iron
or scrap should be chosen with regard to its composition as shown
by chemical aualysis. If, then, we have arranged the charge of pig
and scrap to produce the quality of metal required, it will be seen
that the operations in a cupola should be restricted to melting only,
otherwise a different quality of metal may be produced. The ideal
cupola is, therefore, an electric one, by means of which heat only
is produced, by forming an electriq arc. Many nostrums in the
form of fluxes, &c., have been /proposed, however, to carry out
chemical reaction in the cupola with a view to further purification
of the iron ; but when it is considered that little can be done in this
direction even when the cupola is under scientific control, it is only
wisdom in ordinary cases to have nothing to do with any of them.

Slag in cupola practice is a natural product of sufficiently
fusible character, without the aid of fluxes, by reason of the silica
which is always present in the form of sand, firmly adherent to
the pig iron. As the pig iron becomes sufficiently heated it gets
superficially converted into oxide of iron. The sand (silica or
silicic acid), although infusible alone at the working temperatures in
a cupola. It will, however (being a powerful acid), when heated in
contact with any basic substance, such as oxide of iron (as is the
case when melting iron in a cupola), chemically combine therewith
to form a silicate of iron, FeOSiO,, which easily fluxes.

The amount of slag produced is also dependent on the quality of
coke used, the ash of which has much the same composition as
clay, consisting chiefly of silica, alumina, oxide of iron, lime, and
magnesia.  The latter four, being basic substances, are generally
sufficient of themselves to form an easily fusible slag, by combining,
as in the previous case, with the silica.

When melting pig iron in a cupola under ordinary conditions
in practice, it will be seen that a fusible slag is not only produced
without the aid of other fluxes, but is unavoidable. The com-
position of the slag thus formed will, of course, vary with the
proportion of sand introduced with the pigs, also the proportion of
ash in the coke. The following figures give an idea of the com-
position of slag produced without the aid of other fluxes:—
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. cwt,  cwt.
Cokeash .. .. .. .. -2 per ton of iron melted.
S8and .. .. e ee . -50 ”» ”»
Oxide of iron *60 or 1°2 " »
Totalaleg .. .. .. 1:80 to 1°9 » »

From these figures it will be seen that the sand, in forming a
flux, combines with an equal weight and sometimes even twice its
own weight of oxide of iron, hence the advisability of cleaning the
pig iron of sand before charging. To get rid of sand, which for
various reasons is desirable, it has not only been suggested to cast
the pigs of iron in iron moulds, but in several instances this pro-
cess is now being carried on in practice. The pig metal pro-
duced in this manner will, of course, be chilled, so that it has a
white fracture; the composition, however, is unaltered, and when
remelted in a cupola and cast again in sand moulds, the castings
produced will have the desired properties.

Lime as a flux is almost universally used. Its action is dependent
on its basic properties, by reason of which, given sufficient heat, it
combines with silica, to form silicate of lime (CaO + SiO,), which
fluxes easily. The lime required for this reaction is added with the
charge in the form of broken limestone rock, the essential compo-
sition of which is CaO+CO,. The carbonic acid (CO,) is driven off
by calcining, as the limestone descends with the iron and fuel, leav-
ing burnt lime (CaO) to the amount of 56 per cent. of the original
weight of limestone charged. This lime (Ca0), of course, ultimately
reaches and enters the slag bath on the top of the molten metal.
The latter, being formed up to this point without the aid of lime, is
therefore essentially silicate of iron, which when run off and cooled
solid, has a black glass-like appearance. By the addition of lime,
a8 described, the slag undergoes a gradual chemical change, the
lime displacing oxide of iron, which latter is simultaneously reduced
_to the metallic state by the carbon present in the molten iron, so
that, given sufficient time and lime, the previously black “silicate of
iron ” slag would ultimately become essentially “ silicate of lime,”
which when cold and solid bas a whitish colour, such as that
from blast furnaces when in good working order. It is doubtful,
however, whether lime can play the same part in a cupola as it
does in the blast furnace, to even an appreciable extent ; its chief
function in a cupola, no doubt, being the formation of silicate of
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lime, by combining with whatever sand falls to the bottom of the
cupola uncombined with oxide of iron, and also by partly combining
with any excess of silica in the ash of the fuel. The slag from a
cupola in which lime is added with the charge is composed chiefly
of silicate of iron and silicate of lime; the proportion of the latter
being too small to appreciably affect the black glassy appearance,
due to the oxide of iron, even when the latter is present only to
the extent of about 5 per cent.

Lime, by reason of its powerful affinity for sulphur, is supposed
to prevent any of the sulphur from the coke combining with the
pig iron, and, certainly, there would be less chance of the iron being
contaminated with sulphur as described, if the slag were maintained
highly basic or limy.

Fluor-spar is, perhaps, of all other additions for fluxing, the one
which may be as safely employed as limestone. Its composition, as
shown by analysis, is as follows :—

Pér cent.
Fluorine .. .. . . . . . 4704
Calcium .. .. .. . . . .. 5096
Silica e ee ee ee e ee e 1:02
Oxide of iron .. .. .. .. . .. -98
100°00

The name of this flux is derived from the ease with which it
melts to form a liquid slag, that runs or flows freely. In a
cupola, therefore, by adding fluor-spar, the slag should separate
more perfectly, and at the same time cause the cupola to work
cleaner. 'When, however, more than that indicated is looked for or
promised by interested parties, then only disappointment can ensue.

To obtain the best results from fluor-spar in cupola practice, it
is generally recommended to be used along with limestone, the
latter being correspondingly reduced by one-third to one-half the
quantity hitherto used, when 9 to 10 lbs. of fluor-spar per ton of
iron is added therewith.

When fluor-spar is added, however, a nasty acid smell is given
off when the metal is being run from the cupola to the ladles, and
also from the’slag-hole (especially when the furnace is in blast);
and where the cupolas are confined and the surroundings not too
well ventilated, the effects become unbearable—so much so, that in
some instances the men have indicated their unwillingness to
continue their work if the use of fluor-spar were not stopped. The
slag produced by the addition of fluor-spar is of a light brownish
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yellow colour at the fracture, although somewhat similar to ordi-
nary slag in outward appearance.

Before charging limestone it should be broken up into small
pieces in order to facilitate its distribution throughout the other
charges of iron and fuel, otherwise there is a tendency for the
larger pieces to lodge close to the brick lining. When this occurs
at a point where the temperature is sufficiently high, the conditions
are such that the acid properties of silicon (of which the fire-brick is
essentially composed) and the basic properties of the lime canse these
substances to combine, forming a fusible slag (silicate of lime). This
action, it will be seen, is at the expense of the fire-brick lining, which
may become badly cut up and the proportion of slag increased
thereby. '

During the coke efficiency trials tabulated in pages 123 and 124,
the amount of limestone added, and the quantity of slag produced,
were as follows :—

Limestone added = *2468 cwt. per ton of iron = 1-234 per
cent. of the weight of metal melted.

Slag produced = -5800 cwt. per ton of iron = 2:900 per
cent. of the weight of metal melted.

Ladle skimmings = <7560 cwt. per ton of iron = 8780 per
cent. of the weight of metal melted.

Approximately, 75 per cent. of the skimmings may be re-
covered as iron by returning it to the cupola the following day, so
that only -189 cwt. of earthy substances per ton of metal melted
is accounted for in this item.

To ascertain the composition of the slag, it should be remem-
bered that 44 per cent. of the weight of the limestone has
passed off as carbonic acid (CO,) (while descending along with the
metal and fuel, as the working temperature in a cupola is suf-
ficient to calcine the limestone, &8 in a limekiln), i.e. only 56 per
cent. of the weight of limestone reappears in the slag (= -1382
cwt. per ton of iron charged).

The difference between the weight of burned lime (CaO) and the
weight of slag produced, i.e. +58 ewt. — +1382 cwt. = *4418 cwt.,
represents the weight of the sand, ash of coke, and the oxide of
iron which are carried away in the slag.

Taking the average coke consumption at 16 cwt. per ton of
iron melted, and the average amount of ash in the coke at 10 per
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cent., then the proportion of slag due to coke ash = *16 cwt. per
ton of iron melted, from which we derive the proportion of slag
due to oxide of iron and sand = *4418 ~ *16 = *2818 cwt. per
ton of iron melted.

Assuming that this <2818 cwt. of slag is all in the form of sili-
cate of iron (FeOSiO,), in which the ratio —————oxid:“:;lim = ?—g ;
then we can estimate the loss of iron as follows :—

Weight of oxide of iron (FeO) per toa of metal melted,

ZBOXT2 — 1587 owt.;
from which we have the weight of sand (8i0,) = 2818 — - 1537
= 1281 cwt. = *64 per cent.

Oxide of iron (FeQ), as it is found in cupola slag, contains
T7-77 per cent. its weight of pure-iron (Fe).

So that the weight of pure iron (Fe) carried off in the slag of
iron melted = 2937 X 77°77 1’5077 T o 1195 cwt.

For the other elements shown to exist]in pig iron (see Tables
of Analysis) add, say 75 per cent. = *0089.

Therefore we have the weight of pig iron lost per ton of iron
melted, due to iron combining with silica to form slag = - 1284 cwt.,
or, in other words, the loss of pig iron by remelting is equal to
- 642 per cent.

If, as a practical example, we take pig iron at 45s. = £2°25
per ton, and the annual output at 20,000 tons of castings, the loss
per annum due to remelting

_ 20000 x £2-25 x 642

= 100 = £288-9
apart from the loss of dead weight due to sand ;
which, by the same process,
20000 x £2-25 x -6405

100 = £288-225

The total loss due to the presence of sand on £577-
the pigs (not including that with the fuel, &c.) ..[ = <977 125
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An abstract of the foregoing figures is as follows : —

1 ton of pig iron when remelted) ., *1382 cwt. of lime (CaO)
in a cupola produces slag of *1600 ,, due to coke ash
the following compoeition, when [ ~ -1537 ,, oxide of iron (FeO)
limestone flux is added .. .. +1281 ,, send (8i0y)

+5800 ,, slag
*1895 ,, earthy incombustible matter

} = *7695 ,, per ton of iron melted

Loes from skimming ..

Total theoretical minimum loss
by remelting .. ..

= 8847 per cent., say 5 per cent.

TaeorericaAL CoNSIDERATIONS WITH REFERENCE T0 FUEL
ConsuMrTION IN A CUPOLA.

Having in the foregoing stated some of the best results as
regards the fuel efficiency obtained in cupola practice, it will be
interesting now to investigate the probable limits to economy of
fuel in this department, as suggested by theoretical considerations
with reference to the calorific value of the fuel used.

In the following calculations, coke * fuel of the following com-
position will be taken as a standard : —

Per cent.
Carbon.. .. .. .. .. . .. 9344
Salphor .. .. .. .. .. .0 1°22
Ash .. .. . o L L o 0034

10°87 1b. of air, i.e. 142-8 cub. feet at 62° Fahr., are required
for the complete combustion of 1 1b. of coke of the foregoing com-
position.

Calorific value of 1 Ib. weight of coke having the foregoing
composition, and free from moisture, is ascertained as follows : —

93-44 per cent. carbon x 145°00 B.T.U’s per 135 Ib. = 18,548:8 B.T.U’s.
122  , sulphur x 4032 » = 4919

That is, the total heat produced per 1b. of coke (when .
burned complete to form CO, and 80,) } 18,5979

* See D. K. Clark, p, 435.
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Products of combustion are as follows :—
Per- ‘Weight per
centage, 35 Ib.
Carbonioacid .. .. .. .. 93°44 x 0366 = 3-42Ibs. CO,
Sulphurousacid .. .. .. 122 x ‘02 =
Nitrogen (9344 x '0893) + (1'22 x +0335)= 838 , N

T'he total weight of escaping gases per lb. of coke = 12'0¢ ,,
Weights of the various compounds formed by combustion :—

Weight of carbonic acid resulting from the combustion of {15 Ib. carbon = 0366

” sulphumus acid " » sulphur = - 0200
”» nitrogen in the air for combustion of . carbon = <0893
” ”» " » » ” sulphur = - 0335

Heat carried off in the above products of combustion for each
degree Fahrenheit :—

Carbonic acid = 842 l1bs. x *2164 specific heat = 74 B.T.U’a.
Sulphurous acid = -24¢ ,, x -1553 ” = -0372 ,,
Nitrogen =838 , x ‘244 " =2:047

Therefore the heat camed off per Ib. of eoke con- .
sumed .. .. F P } 2-8219

For each degree rise in tempemture.

When the products of combustion of carbon are represented
by the analysis of ordinary cupola gases given in page 123, it will
be found that only 52°2 per cent. of the carbon is burnt to form
CO,, and that only 47 - 8 per cent. of the carbon is burnt to form CO.

Under such practical conditions, where combustion is incom-
plete, the products of combustion of 1 1b. of carbon will be as
follows : —

Carbon. Oxygen.
Carbonic acid (CO,) = *5221b. + (-522 x 2:66) 1bs. = 1-9 1b. CO,
Carbonic oxide (CO) = 478 ,, 4 ("478 x 1-33) ,, =1°113 ,, CO

Nitrogen = { (*522 x 2:66) + (+478 x133) } x 8:35 = 6-779 ,, N

Heat carried off in these products for each pound of coke con-
sumed for each degree Fahrenheit :—

Carbonic acid = 19 1be. x °2164 specific heat = *4129 B.T.U%.
Carbonic oxide = 1113 ,, x 2479 ' = 2761 ”»
Nitrogen = 6779 ,, X 2440 » =1-6540
Sulphurous acid = °240 ,, x *1553 ” = -0872 "
Total loss per 1b. of coke per degree = 2:3802  ,,
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AMoUNT oF HeEaT REQUIRED TO MELT P1g IRON.

Melting point of cast iron, 2190° Fahr.
Specific heat of cast iron (solid), *13° Fahr.

Therefore the amount of heat required to raise 1 ton of pig
iron from the normal temperature of 62° Fahr., up to its melting
point of 2190° Fahr., is estimated as follows :—

Weight in Pounds.  Rise in Temperature. Specific Heat. Quantity of Heat.
2240 x (2190° — 62°) x *13 = 619,673 B.T.U’s.

Up to this point the metal has simply begun to melt ; and to
complete the melting process, it is necessary to maintain the supply
of heat until the whole of the metal is reduced to a liquid condi-
tion. During this latter stage (which corresponds to that of
melting ice) the temperature remains constant, and only begins to
rise again when the whole of the solid metal under treatment has
become liquid. The heat supplied during the period of constant
temperature has really been spent in overcoming the molecular
cohesion of the solid state, and thus changes the metal from the
solid to a liquid condition. The apparent loss of heat is, therefore,
called *latent heat,” in contrast to “sensible heat,” the latter of
which is evident, and easily estimated by the rise in temperature,
indicated by a suitable thermometer or pyrometer.

In order, then, to estimate the total heat (sensible + latent)
required to melt 1 ton of pig iron, we will take the results of
experiments made by Clement,* who found that it required an
expenditure of heat equal to 504 B.T.U’s,, in order to raise the
temperature of 1 Ib. of pig iron to the melting point, and main-
tain it at that temperature until the whole pound was in a molten
condition. Therefore the total heat required to melt 1 ton of pig
iron will be 2240 x 504 B.T.U’s. = 1,128,960 B.T.U’s.

So that with coke, having the composition and calorific value, &c.,
stated in pages 155 and 156, the number of pounds theoretically

. 1,128,960 ,
required to melt 1 ton of pig iron = 13,508 BT.Us. = 83 Ib.

* Boe D. K. Clarke, p. 97.
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Or if the fuel be considered as pure carbon (see p. 73), the
number of pounds required per ton of iron melted

1,128,960 " — 77,
= 11500 B.T.U’s. = 77-85 Ibs.

In addition to the foregoing theoretical estimate it will be
necessary, for ordinary cupola practice, to estimate the various
losses due to the following unavoidable retarding influences, in
order to arrive at a really practical limit to economy.

1. We have an unavoidable loss in an ordinary cupola due to
the particular conditions under which combustion takes place, and
by reason of which a considerable proportion of the fuel coke ss
only burnt partially to form carbonic ozide (CO), which passes
off at the top of charge. As derived from the analysis of furnace
gases, and stated in p. 123, only 52°2 per cent. of the carbon in
the fuel is burnt completely to form CO,, while 478 per cent. of
the carbon is only partially burnt, and escapes as CO.

To estimate the loss thereby we will, in the first place, assume
that the fuel is pure carbon; so that the various losses will be
represented relative to the heat developed from a fuel theoretically
perfect.

Under the conditions of combustion indicated by the analysis
referred to—

522 per cent. of carbon burned to form CO, =
= 7569 B.T.U’s.

478 per cent of carbon burned to form CO = 478 x 4409
= 2107-5 BT.U's. 100

From the most perfect fuel (pure carbon) we have, therefore,
the total heat obtained in a cupola per Ib. = 96765 B.T.U’s.
The loss of heat in this manner, as compared with the total
heat by the complete combustion of 1 1b. of carbon, is, therefore,
= 14,500 — 9676-5.
= 4823:5 B.T.U’s.
= 33°26 per cent. loss.

2. Loss due to heat carried off at the top of the charges in the

products of combustion, the amount of which is represented by the
temperature at which they escape.

52:2 x 14,500
100
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In most examples of combustion, it is necessary that a certain
amount of heat be retained in the gaseous products, in order to
maintain a sufficient draught of air. In a cupola, however, this
is not desirable, as the supply of air is independent of the chimney
draught ; being forced by mechanical means, such as by blowers.
All sensible heat as represented by the temperature of escaping
gases should, therefore, be considered as loss of efficiency. This
temperature varies considerably, according to whether or not the
furnace is working and melting well. Generally speaking, the
furnace is working best when there is no flame; under the latter
conditions the temperature immediately over and above the charge
will be comparatively low; and, taking it that the lowest practical
temperature is 162° Fahr., then the heat lost or carried away with
the products of combustion is represented by & rise of 100° Fahr.
above the normal temperature of 62° Fahr.

The latter estimated temperature, however, must not be con-
founded with the higher temperatures and roasting heats, often
found at the charging door of a cupola ; as the higher tempera-
tures referred to are due almost entirely to the subsequent com-
bustion of the escaping carbonic oxide which, with the additional
supply of air at the top, forms carbonic acid, similar to that indi-
cated in examples Nos. 2 and 4, p. 73; the amount of which
heat is lost as already considered and estimated in the foregoing
page.

In p. 156 it has been shown that the loss per pound of coke
for every degree rise in the temperature of the products of com-
bustion from a cupola = 2-38 B.T.U’s. per pound. Therefore, for
a rise of 100° Fahr., the loss is

2:38 x 100 = 238 B.T.U’s.
That is, the loss of heat in this manner as compared with the
heat obtained in a cupola from 1 1b. of carbon
_ 238 x 100
~ 7 9676°5
or, taking the loss of heat as compared with the total heat by
complete combustion of 1 Ib. of carbon
_ 238 x 100
T 14500

= 2°45 per cent.;

= 164 per cent.
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3. Loss due to heated products of combustion esoaping through
the slag-hole, which is usually open while the cupola is in blast.
‘The amount of loss in this manner will, of course, depend on the
weight or volume, also the temperature at which these products
escape. An approximate idea of the volume is obtained by com-
parison between the area of slag-hole and total area of tuyeres,
from which we may assume that the volume is one-tenth of the
total volume of the gaseous products. The weight, however, is
dependent on the temperature, which may be taken at 986° Fahr.,
and by reason of which the weight of gases passing out of the
slag-hole will be reduced approximately by one-half, i.e. to one-
twentieth of the total weight of the products of combustion.

Taking 238 B.T.U’s. as the loss for each degree Fahr. rise in
temperature, the loss in this manner is equal to

2:38 x 924° rise

i = 1099 BT.U's.;

go that the proportion by this loss to the heat developed is

_109-9 x 100

=566 5 = 113 per cent. ;

or, again, comparing with the heat due to complete combustion of
1 1b. of pure carbon, the proportion of loss

109-9 x 100
= ————I‘}—,{‘)(}‘(—)——- = 757 per cent.

4. Loss due to the presence of water in the coke used ; this may
vary from 1 to 15 per cent. The cause of such large quantities
of water is often due to the excessive use of water at the drenching
process, which is necessary in order to arrest combustion and con-
sequent waste of coke. It may also be the result of exposure in
wet weather—the latter possibility being very useful as a plausible
excuse to unscrupulous makers, who do not hesitate to drench the
newly made coke beyond what they know to be necessary.

In an average sample of coke, the amount of water may be
taken at 3 per cent.; so that in ordinary cupola practice we have
at ouce a loss of 3 per cent. in efficiency, due to loss in weight.
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In addition to this, there is the heat spent in evaporating the
said water, the amount of which is estimated as follows : —

Total heat required to evaporate 1 lb. of water at atmospheric
pressure = 1150 B.T.U’s.

Therefore, heat required to evaporate 3 per cent. of water at
1150 x 3 )

—oo— =345 B.T.U’s.

So that, compared with the heat per pound of fuel as burnt in
a cupola, the loss is 385 per cent.

Or, again, taking the heat lost in proportion to the heat
resulting from complete combustion of 1 1b. of carbon, the loss
= +23 per cent.

The total loss, therefore, due to the presence of water in the
sample of coke referred to is as follows : —

atmospheric pressure =

Per cent,

Loss by weight .. .. .. .. .. 30
Loss by evaporation .. 0-23
Total .. .. .. .. .. 323

From those figures it will be seen that the loss due to the
evaporation of the water is small compared with the loss by
weight.

5. Loss due to heat carried off tn the slag. To estimate this
amount, the temperature and specific heat of the slag may be
taken the same as for molten cast iron. The loss will, therefore,
be represented by the percentage of slag produced, which in
ordinary practice varies from 15 to 5:0 per cent., or an average
of say 325 per cent. ; that is, the heat carried off by the slag, on
the average, will be 3:25 per cent. of the heat required to melt
the metal, which is only one-half or 50 per cent. of the total
heat by complete combustion, as shown in page 162. The loss in
this manner is, therefore, 1625 per cent. of the total heat by com-
bustion of 1 Ib. of carbon.

6. Loss due to radiation of heat in every direction. It will
be seen that the rate of heat lost in this manner corresponds to
the rate of heat lost while cooling down after the furnace is
emptied ; the actual heat lost in the latter case being easily
estimated by the temperature, specific heat, and weight of cupola
lining chiefly affected, which quantity, taken in relation to tho

M
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time it takes the furnace to cool down, will furnish a fair
estimate.

Take a furnace or cupola melting at the rate of 5 tons per
hour, with a coke consumption of 2 cwt. per ton of pig iron melted,
ie. 10 cwt. or 1120 Ib. of coke consumed per hour. The dimen-
sions of the portion of lining affected by heat are, say, 4-5 feet
diameter, 10 feet high, and 3 inches thick, all of which is supposed
to be white-hot at the time the cupola is emptied, and may there-
fore be taken at 2000° Fahr., as the average temperature through-
out the 3 inches thickness. Say also that it takes five hours to cool
down to 200° Fahr., with the bottom end closed, i.e. 1800° Fabr.
fall in temperature.

Specific gravity of lining = 25 ; specific heat = -2 (Rankine).

Weight of lining = 5507 Ib. ; total heat in lining = -2 x 5507
x 1800° = 1,982,520 B.T.U’s.

Therefore, the heat lost per hour

= 1"18215.2_9 = 396,504 B.T.U's,
from which we derived the heat lost per pound of fuel
_ 396,504 _ )
=120 = 354 B.T.U's.

The proportion of heat lost compared with the heat resulting
from complete combustion of carbon

_ 354 x 100 _ .
= 14500 2+44 per cent.
If we assume the thickness of lining at 1% inch instead of
3 inches, the loss = 1-22 per cent.
The following is an abstract from the foregoing calculations :—

Per cent.
No. 1. Loss due to incomplete combustion of the fuel .. .. 33-260
No. 2. » the escape of sensible heat in the gaseous
products .. .. .. .. o .. .. 1640
No. 3. » the escape of scnsible heat through slag-hole
produets .. .. .. 0 o0 L0 . 757
No. 4. " moisture or water held in the cocke .. .. 3:230
No. 5. " scnsible heat carried away in the slag .. 1:625
No. 6. . radiation of heat in every direction .. .. 2-440
No. 7. " ash in the fuel (see page 155) .. .. .. 5340
No. 8. - sulphur in the tuel (sec page 155) .. .. 1-220
That is, the total estimated unavoidale losses in ordi-} — 49-512
nory enpola practice .. - —

Andmay be taken at, say, 50 per ecnt.
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The heat, therefore, available for melting the iron, &ec, is
160 — 50 = 50 per cent. of the total heat by complete combustion
of 1 1b. of carbon

__ 50 x 14,500
- 100
The total heat required to melt 1 ton of pig iron, as stated in
detsil in pages 157 and 158, is equal to 1,128,960 B.T.U’s.
Therefore, the minimum amount of coke of the composition
stated, capable of melting 1 ton of pig iron in an ordinary cupola

_1,128960
T 7250

After such detailed considerations, and the results derived
therefrom, statements such as 1 cwt. of coke per ton of iron
melted, will be received with considerable doubt; unless it be
obtained by some special process such as would realise the total
heat by complete combustion of the fuel, in which case the heat
developed per pound of coke, after deducting 16 per cent. for ash, &c.,
as detailed above, would be 12,180 B.T.U’s.; under which latter
conditions the minimum rate of coke per ton of pig iron

- %2_,%6-0 BT.U’. = 926 Ib. = 3qrs. 8} Ibs.

It should be observed how closely the first theoretical estimate
of 1557 Ib. of coke per ton of iron melted agrees with the best
results obtained in actual practice from the various types of cupolas
referred to.

= 7250 British thermal units.

= 1557 Ib. = 1 cwt. 1 qr. 15 1b.



CHAPTER V.

FONDERIE A CALEBASSE.

Suca is the title by which a number of small iron foundries are
known in Belgium, having plant of the cheapest and simplest con-
struction, and yet capable of turning out very creditable work on
a small scale. Much ingenuity and skill are manifested in the
arrangement and manipulation of the apparatus employed, and a
short description of the modus operandi (in part obtained from
Rivet’s ¢ Encyclopeedia ’) will serve to show that in certain cases a
small iron foundry might be erected with comparatively little
outlay, in colonies or other out-of-the-way localities ; or for repairs,
or works which were required to be cast ¢n situ. In countries
where waterfalls are available, the blowing power can be obtained
by means of the ¢romb, a simple apparatus well known in connec-
tion with the Catalan method of reducing iron ore on an open
hearth.

Fig. 653 shows a side and front view of the Fonderie &
Calebassc.

In most of the Belgian foundries where this system is employed
the weight of metal required to be melted is very small in propor-
tion to the number and value of the castings made, these for the
most part consisting of articles whose chief cost is represented by
the skilled labour employed in the mouldiug shop. Delicate and
artistic castings for domestic or architectural requirements, and
numbers of small picces which are afterwards to be annealed, are
thus produced.

For such purposes the calebasse possesses unquestionable ad-
vantages over the cupola, althongh, for any work requiring a con-

_siderable quantity of liquid iron, the cupola is decidedly more
economical m consumption of fuel.

The calebusse, or furnace, may be likened to a small eylindrical
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cupola, divided horizontally into two parts, blown with one tuyere,
and having no tap-hole.

The top half, which is usually made of stout plate iron, is
designed to lift off from the bottom part. The lower part consists
of & wrought- or cast-iron vesscl, shaped like a ladle, and having
strong bars and cross handles fixed to it as shown. This portion
of the apparatus answers two purposes : it is first used as a crucible,
and afterwards as the great ladle for the melted metal.

The calebasse is placed against a wall, something in the manner
of a smith’s hearth ; over it is a hanging sheet-iron hood, leading
the products of combustion to the fuel.

That part of the wall immediately behind the calebasse is faced
with good fire-brick, and is pierced for the tuyere a to pass through.
Two large fire-lumps project from the wall, and between these the
calabasse is erected.

The upper portion is called la tour (the tower); b, le creuset
(or crucible) ; ¢ is the lower part.

The tower is usually made of strong wrought iron, with a
riveted band at top and bottom; in plan it is of a horse-shoe
shape, the open side being that which is placed against the wall.

The crucible is mounted like an ordinary foundry ladle, and
may be of cast iron, although wrought iron is preferable. Its pro-
portions, as to depth and top and bottom diameters, seldom vary
from those here shown. A small sheet-iron fan d is placed in the
rear of the wall, and is connected to the tuyere-pipe by a loose
leather pipe, having an iron ring at the end, which is slipped on
and off the tuyere-pipe as required, being secured in place by a
twist of iron wire.

The fan is generally driven by manual labour from a large
wheel with winch handles and an endless band. A high speed,
800 to 1000 revolutions per minute, is usual, as a strong blast is
required.

The way in which this apparatus is set to work is as follows : —
The crucible ¢ is clay washed, and then lined with clay in the
same manner as an ordinary foundry ladle, except that the clay
lining is brought well up and over the tip all round, save at the
one point where the tuyere-pipe opening is left. A fire of hard
coal is then kindled in the interior to dry the lining. The tower b
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i8 also lined in the same way and a roll of clay is formed round its
lower edge, where it will have to rest upon the top of the crucible ;
this is dried by being placed over the fire in the crucible.

When the lining is thoroughly dry, the crucible, with the fire
still in it, is placed in its proper position, so that the tuyere-pipe
comes exactly opposite the vacant point left in the coating of clay
round the tip of the crucible, with its two handles firmly resting
upon the projecting fire bricks or lumps e, and its bottom supported
upon a bed of well-rammed sand.

The tower is then placed upon the crucible, the edges of its
open portion being in close contact with the wall; these edges are
clay-luted to the wall face, and the lower edge of the tower is also
luted to the upper edge of the crucible. Dry sand is next piled
up round the outside of the apparatus, more fuel is thrown in at
the top of the tower, and a gentle blast is kept on, until the fuel
18 in a bright glow, when charging commences, and is carried on
in a similar way to charging a cupola.

The tuyere-pipe is so arranged that by a few simple wedges its
angle can be materially changed ; when the first blast is put on it
is generslly directed horizontally across the top of the crucible, but
when the fuel is thoroughly ignited the blast is turned down more
directly towards the bottom of the crucible; if the fuel employed
be raw coal, and not coke, the blast is directed towards the centre
of the bottom of the crucille.

When the metal is “down,” the sand is moved away from
around the calebasse down to the floor level, the luted joint between
the tower and the crucible is broken, and the tower is lifted off by
means of an iron bar passed through eyes on its top. The fuel
falls out of the tower, and some has also to be raked away from the
top of the fluid metal in the crucible, which is then skimmed with
a wooden tool, and covered with powdered charcoal. The crucible
is lifted from the hearth by its long iron handles, carried away
to the moulding shop, and deposited on wooden bearers £ £ The
contents of the crucible can then be emptied into small hand-ladles,
lined with clay in the usual manner.

In charging the furnace, pig and the heaviest scrap arc put in
first, and the lightest scrap last.

The amount of metal which can be brought down in one opera-
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tion is entirely governed by the capacity of the crucible, and varies
from a few pounds to half a ton.

Ordinary loam is found to be quite refractory enough for the
lining, as it is only exposed to a great heat for a short time.

The apparatus shown is capable of producing 5 cwt. of metal
at one operation, the time occupied being about an hour, when the
metal should be white-hot and very liquid, if suitable pig and
scrap have been employed.

The calebasse brings down the metal rapidly, and extremely
hot and liquid, which is exactly what is required in the production
of small fine castings. It is also stated that special qualities of
iron can be obtained with more certainty from the calebasse than
from a cupola. Another advantage is that three or four meltings
per day can be obtained from the same apparatus.

Where fine castings are required, good coke, first-class pig, and
best scrap iron only must be used ; but, in many instances, where
the quality of the metal is only of secondary importance, raw coal,
as being cheaper than coke, and inferior scrap may be employed.
The coal should be as free from sulphur as possible, hard, and not
inclined to cake.
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CHAPTER VI

THE REVERBERATORY OR AIR FURNACE.

Tae great advantage of this description of furnace is that it may be
easily applied to a variety of different uses, with slight modifications
in construction.

The reverberatory furnace was at one time largely used for the
fusion of cast iron for foundry purposes, although it has, to a great
extent, been superseded by the cupola.

As an orxidising furnace it is employed in the puddling of iron,
and for producing litharge from lead. As a deoxidising furnace
it is employed in the production of lead and copper. Itis also
frequently used for calcining substances which afterwards have to
be pulverised, such as flints, &e.

Although the cupola has of late years almost entirely superseded
reverberatory furnaces, there are several points in favour of the
latter which must not be lost sight of. The cupola is un-
doubtedly the cheaper and more generally convenient form of
farnace, but where it is wished to turn out specially good work,
and to obtain a perfectly fluid and uniform metal, the reverbaratory
furnace is preferable.

The deoxidating flame of the reverberatory furnace is supposed
to improve the pig iron, by adding somewhat to the smount of
combined carbon it contains, whereas the cupola, as usually worked,
with an excess of air, is an oxidising furnace.

It is a generally admitted fact that, taking the same quality of
iron, castings from the reverberatory are superior to those from
the cupola.

For the general character and quality of castings, it is to loe
regretted that the reverberatory furnace for the melting of irors i8
fast disappearing. ,

In two other respects the reverberatory presents advaatages
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over the cupola ; by it, in the first place, it is possible to melta
given quality of cast iron more absolutely free from change in its
constituents, molecular or chemical; and, in the second place, if
the pig iron contains a large proportion of sulphur, it can be freed
from a great deal of this by prolonging the time the metal is
exposed, after fusion, in the reverberatory, to a slightly oxidising
flame.

This latter action is seldom of any practical utility, for pig iron
that contains much sulphur makes very indifferent castings, snd
the desulphuration is so imperfect and unreliable, that it is usually
far cheaper and more certain in working to obtain a good pig iron
at the outset.

The following are generally the circumstances under which it
may be considered advisable to use the reverberatory furnace in
preference to the cupola :—

When there are no means for obtaining sufficient blast for s
cupola ;

When it is necessary to melt down such large masses of metal
as cannot be managed in the cupola ;

When it is required to bring a given pig iron, by deoxidation,
to its highest point of tensile resistance, as for gun founding ;

When it is necessary to erect a foundry under circumstances
where a cupola with blast could not be built or worked ; as, for
example, in a lonely colony, a besieged town, or such other
exceptional conditions.

Under most other circumstances the cupola is to be preferred,
ag the reverberatory is neither economical in metal nor fuael, except
where the operations are constantly going on from day to day ons
very large scule, and where good bituminous coal fuel is cheap.

The principal considerations governing the design of an air-
furnace, are—(1) the weight and volume of metal required to be
melted in one charge ; (2) the quantity of fuel necessary for such a
quantity of metal; and (3) the regulation of the supply of air
necessary for the proper combustion of that amount of fuel.

1. The proportion of the size of the bed of the furnace, and the
ca vity, or pool, for containing the melted metal, depends upon the
wei 7ht of metal it is required to “brinz down ” in a charge.

o, . The size and construction of grate are mainly determined by
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the quantity of metal in a charge, the quality of the fuel to be
employed, and the speed at which it is desired to work.

3. The regulations for the supply of air require considerable
attention. The snpply must be amply sufficient in quantity to
consume the required amount of fuel, and must flow through the
fuel onwards to the chimney flue at a certain velocity, which
velocity must be well within control, as upon it prmclpally depends
the “ reverberatory ” action of the furnace.

It is obvious that if the air entered the furnaco in a slow, quiet
current it would pursue the even tenor of its way, without coming
into violent contact with either the roof or the bed of the furnace;
this would greatly hinder the fusion of the mectal.

Assuming (what is probably ccrrect) that the hottest part of the
current is the central stratum of the air and flame, the curve of the
roof and the position of the bridge at the back of the grate must
be such that, with a known velocity of air, the flame will impinge
against the roof in such a manner as to be directly deflceted upon
the metal on the bed of the furnace. If the veloclty of the air be
too great for the shape of the furnace, it will probably be deflected
earlier in its process than is required.

Figs. 54 and 55 are somewhat exaggerated diagrams of the
evils to be expected either from too slow a current, as in Fig. 55, or
from too rapid a current, as in Fig. 54.

From these sketches it will be seen that the proper direction of
the heat depends very much upon the velocity of the current of the
air through the furnace.

If too large a supply of air is admitted, either fuel will be
wasted, or (what amounts to the same thing) the furnace and its
contents will be cooled.

Cold air must be rigidly kept out of the furnace, and any
cracks or fissures which might admit cold air must be carefully
stopped up.

Flaming fuel, such as bituminous coal, is best adapted for the
air-furnace, except when gas is employed, as in the regencrative
system.

Upon the nature of the fuel employed most of the success of
the reverberatory furnace depends. A good gas flame, driven
through the furnace by a powerful, blast, in the proper dircc-
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tion, and to the proper region of the furnace, will give excellent
results,

Where solid fuel is employed, that which gives off plenty of
combustible gas is preferable.

Wood is not a good fuel, but if it is to be employed the furnace
must Lave a long flame-bed, and be low in the arch Tolerably
hard, long-flaming bituminous coal, which does not cake in the
- furnace, is the best kind of fuel.

Hard coal or coke may be used, but are not so good as bitumi-
nous ccal. The disqualification arises partly from their incom-
bustible nature, but chiefly on account of the mass of fine ashes

Fic. 54.

which is carried over from the fireplace to the Learth, covering the
melted iron and preventing its absorption of heat. This evil is
more apparent in the use of anthracite than of coke. Wood,
particularly green wood, is not at all qualified for use in the
reverberatory ; if no mineral coal can be obtained, charcoal is to
be substituted for it.

Most other kinds of fuel are objectionable, as requiring constant
attention on the part of the furnace man, either to feed the fire, to
remove clinkers, or to break up the fuel, all operations requiring
the furnace to be opened, and thus allowing the entrance of cold
air, which is most oljectionable,
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To meet this difficulty, many plans of self-feeding hoppers, &e.,
have been advocated, but the difficulty still appears to be to pro-
perly regulate the fire, so as to consume the fuel with the best
result in time and labour, without allowing the ingress of cold air
whilst such arrangements are being made, bearing in mind the
fact that the operations inside the furnace require continual super-
vision, as they are continually varying in their nature and effects.

It is important that the furnace should be connected with a
chimney which will give a powerful draught, to which end it
should be lofty, and about equal in area to the grate surface of the
furnace it draws from.

The arrangement of the grate and fire-bars is governed to a
great extent by the nature of the fuel to be employed. Assuming
that 25 Ibs. of coal will be burnt per hour for every square foot of
grate surface, ample space must be left between the fire-bars to
allow of the passage of sufficient air to support such a combustion,
namely, about 230 cubic feet of air for each pound of coal burnt in
the furnace, i.e. fully 50 per cent. more than the theoretical volume
required as stated in pages 75 and 155.

Tuarf and peat are occasionally useful for heating drying stoves,
drying ladles, &c., or for the production of steam power, but for
most other purposes they are almost worthless.

Turf gas has been employed in Germa.ny for reverberatories,
but where gas from any better fuel is at all obtamable this will
never be used.

Pit coal is not only the best solid fuel to be used in the
reverberatory, but also gives off the best gases, should it be
intended to heat the reverberatory with gas from a gas-producer.
In the latter case, when the furnace becomes a magnified gas
blowpipe, it is necessary that the air and gas fed into the furnace
should be at a high temperature. Hence the importance of the
Siemens regenerative furnaces, which provide the necessary heat
for gas and air; or the air alone may be heated before admission
into the combustion chamber, by being passed through heating
stoves, or pipes.

In the construction of these furnaces the most refractory
materials should be employed, and in all parts which are exposed
to great heat care should be taken to select fire-bricks and clay
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whose constituents are such as not to have an injurious chemic
action upon the metal to be melted. The great strains brougl
upon & furnace which is worked at such a high temperatus
necessitate care in the selection of materials employed, and ski
in design and construction. If the furnace should fail, it wi
probably do so at the time when it is at its greatest heat, with
quantity of molten metal and burning fuel, which would
scattered around, killing the workmen and probably destroyin
the foundry.

The furnace should therefore be cased with strong iron plate
and tie-rods, and this casing covering all the brickwork of th
furnace, all ingress for cold air is stopped.

The construction of an air furnace suitable for the fusion o

Fia. 56.
\
cast iron, copper, bronze, or brass, when it is desired to cconomi<e

the waste heat passing from a cupols, is shown in Fig. $6, in |
which f is the entrance for the air heated by contact with the
flame, &e., from the top of enpola, a portion of which is directed
so that it passes through the fucl. The combined flames aud
products of combustion are thus carried upwards, so that they
impinge upon the crown of the furnace, from which they are again
deflected, as indicated by the dotted arrows, down upon the metal
lying on the sole at the point where it is desired to obtain the
maximum heat. a is the hearth; b the bridge; ¢ the sole
or bed of furnace all covered over by the reverberatory arch, which
is usually curved over both from the side and end walls; d is
the flue to chimmey ; e the tap-hole. throngh which the fluid
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metal is run away, at other times being stopped up with a fire-clay
plug; F D, the door for charging fuel on to the hearth a; M D
the metal-charging door ; small sight-holes are also necessary for
examining the progress of melting, without permitting cold air to
enter ; a damper also for regulating the draught should be so placed
to escape the greater heats of the furnace.

Where the air necessary to support combustion will be directly
supplied from the atmosphere, it must be passed in through the
fuel s0 as not to come in direct contact with the roof of the furnace,
or of the metal to be melted.

The principle of the reverberatory furnace is so to deflect, or
direct, the currents of flame and heated air that they may exert
their most intense power upon the metal lying on the bed of the
furnace, in which respect the air-furnace somewhat resembles the
action of the blowpipe, with which the greatest concentration of
heat on a certain body can be effected in the least time.

The fire-bars should be of good wrought iron, although hard
white cast-iron bars are frequently used. The area of the vertical
cross-section of the furnace over the bridge must be considerably
less than the area of the air-passage of the grate.

Fig. 57 shows the longitudinal and horizontal sections, giving
also the principal dimensions of a reverberatory or air furnace, used
for collecting molten cast iron in large quantities up to 35 tons, and
maintaining it sufficiently hot by burning fuel in the grate shown,
the molten metal being previously melted in a cupola, and run off
into the air furnace at intervals along a suitably protected metal
conductor or runner. As already stated, this furnace was only put
in operation for collecting metal in the case of specially large
castings, only a small proportion of pig iron, viz. 10 tons being
charged direct, these pigs being placed at the highest point of the
bed, 80 as to be acted upon by the flame as it passes over the bridge.
The hearth, it will be seen, slopes down gradually so as to form a
bagin for the accumulation of molten metal. That the charge of
pig iron should be placed at the highest point, is necessary, so as
to insure as far as possible that the pigs, or that portion of the
charge still solid, shell be above the level of, or out of the molten
metal, and thus be still exposed to the direct action of the flame, by
which it is ultimately reduced to the molten condition. It is true
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that a portion of the charge at the end would be melted by being
submerged in the metal already run down, but the effect of this
latter process would be at the expense of the heat from the molten
metal, which is dulled or cooled accordingly. It should also be
observed that, by reason of the low conductivity of molten metal,
only a small percentage of the heat of the flame or gases passing
over the surface of the molten metal would be conducted down, so
that to melt down solid pig iron or scrap when submerged would
be a very slow and expensive process. It will be seen, then, that
to melt pig iron wholly or partly from the solid condition in an air
furnace, it should be reduced to a suitably liquid form first, by
reason of which it runs down aud fills the basin formed to receive
it. This can only be carried out by charging the pigs and scrap
at the highest point, and this fixes the position of charging door
CD as shown. The bed or hearth at the charging door, it will be
seen, is less inclined, in order that the charge may not slide down
until it has reached the molten condition. The opening F, which
leads the gases to the main flue or chimney, is of course higher
than the slag runner 8 R, which latter corresponds to the highest
possible level of molten metal, just as in the ordinary cupola. The
metal runner M R 1s also similar in every respect to that in the
ordinary cupola. The brickwork should be surrounded with metal
plates M P, as in a cupola, but the air furnace having flat .sides,
it is necessary to have these additionally supported by means of
binders B and tie-rods T R indicated.

A damper on the top of the stack is useful to regulate the
draught. 'L'he furnace should be very thick in the walls, 8o as to
be as bad a conductor of hLeat as possible. Too much attention
cannot be paid to the joints in the brickwork ; and openings which
might admit air are to be carefully stopped up, or the iron is liable
to a loss of carbon, and will malke, in consequence, hard and brittle
castings.

Such impurities as adhere to the pig iron and which will not
melt remain at the top of the bridge, and may be removed after
the heat. Thus the melted iron is purified to a large extent. The
heat of the furnace is generally greatest near the flue, and the
melted metal is therefore exposed to the strongest heat of the

furnace.

W
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When a cast is to be made at a certain time, the reverberatory
is heated for some hours previously by a brisk fire. When the
furnace is white-hot the charging door is opened, and the pig iron
is placed in its proper position on the sole, due care being taken
in stacking the metal as will be described, the most easily fusible
portions being first charged and put at the bottom of the heap.
The whole quantity of iron which it is desired to melt at one heat
must be charged at the same time, as it is not considered advisable
to add cold iron to that which is already melted. All the iron con-
tained in a liquid form in the basin is to be tapped before any fresh
pig can be charged. When all the iron contained in the furnace
is melted, the tap-hole is opened with a sharp crowbar, and the
liquid iron is either led into pots or directly into the mould. The
tap-hole is stopped with damp sand, or a mixture of loam and coal-
dust. The fire-grate must also be well attended to, and kept well
§lled with coal, but not too high, so as to impair the draught of
ai- through the fuel. The grate should be kept free from clinkers,
anc¢ the formation of holes where unburnt air could enter the
furnace must be prevented.

The charging door is generally a fire-block hung in an iron
fran e, which is raised and lowered by a lever, having a balance
wei zht. The metal to be melted should be broken to a uniform
gize as far as possible, and on placing it in the furnace, the smallest
nieces should be p1led lowest, the larger ones on the top, as the
heat of the flame is there more intense (which is what is required
for the larger lumps of metal) ; and a similar plan must be adopted
with regard to the melting of various qualities of metal, the most
easily fusible being placed lowest in the furnace. Fuel should be
fed in frequently, and it must be done quickly.

When sufficient molten metal has accumulated in the pool of
the furnace, it is tapped off. ‘I'he chimney damper is first closed ;
the metal is then run into & ladle or is run along plate-iron shoots
covered with loam, to the mould, being skimmed by the dam-
plate, aud by men, as it flows along, or into a pool in front of the
furnace, the slag being removed before the metal passes into the

moulds. )
The furnace is then cleared out, and any necessary repairs

executed before it is again charged. If the repairs have been
N
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considerable, it will be necessary to make the furnace white-hot
before again charging it for use.

The reverberatory furnace is not only used for melting iron,
but is also employed for the melting of large quantities of brass,
bronze, tin, lead, and other alloys and metals. Large bells, statues,
machine frames, and similar abjects, are cast from the reverberatory
farnace. All metals, except very grey fusible iron (which may be
cast from a pot) are to be run in dry sand ditches, directly from
the furnace into the mould.

Fig. 58 shows longitudinal, transverse and horizontal sections
of a reverberatory or air furnace capable of melting and collecting
up to 12 tons of gun-metal, the general construction and other
perticulars of which are the same as described in the previous
example of an air furnace used for cast or pig iron.

Before proceeding to charge such a furnace with copper, &¢,
it is first raised to its normal working heat. This takes about
2% hours from the time the fire was lit up, and consumes about
10 cwt. of hand-picked splint coal during the time stated. The
furnace being now ready for melting, the metal is added as fol-
lows through the charging door, C D—

First charge of copper, &c. .. .. .. .. .. 40 owt
Second " e e e e . 85,
Third ” P -

and so on until the required quantity of molten metal is obtained
An interval averaging about 1} hours between each charge indi-
cates also the rate at which the farnace illustrated is capable of
melting ; so that to reduce she maximum capacity of 12 tons will
take fully 10 hours, for which purpose 4} tons of hand-picked splin
coal is consumed, in addition to that used for heating up before
commencing to charge. The consumption of fuel, therefore, i
approximately 74 cwt. per ton of copper melted, not including that
used for heating up the furnace. With the latter quantity in-
cluded, the average consumption of fuel is approximately &} cwt.
per ton of bronze or copper composition melted, taking a whole
day’s melting.

When the composition of metal desired requires the addition of
other metals to the copper, such as tin, spelter or zine, &c., the
latter metals are added to the previously melted copper, through
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the opening 8 R, after which the whole bath of molten metal
ig stirred up by means of & bent bar inserted through the same
hole SR. This is necessary to ensure a uniform composition of
the metal throughout the castings produced.

In the brass foundry where the foregoing furnace is at work
it i8 & common thing to produce phosphor bronze castings up to
20 tons weight, in which case an additional air farnace is required
for melting the metal. It will be seen, therefore, that to be tho-
roughly equipped for heavy work, more than one air furnace is
required. For convenience, however, it is usual to have one smaller
than the other, either of which alone may often be sufficient,
according to the requirements.

When an air furnace melting gun-metal or other compositions
of copper is tapped at M R, it is usual to run off all the metal
melted until the slag begins to come, then it is time to open the
slag-hole, usually placed at the opposite side from the tapping-hole,
so that it may be conveniently exposed in the yard. The tapping-
hole in a brass furnace is much larger than that for cast iron, owing
to the difference in liquidity, which makes the copper composi-
tions run more slowly, and requires greater freedom. The larger
tapping-hole is therefore more difficult to stop up. This, however,
is seldom attempted, as in cupola practice, where the furnace is
tapped and plugged up again and again, even for comparatively
small quantities of molten iron.

In order to avoid excessive waste of metal by oxidisation, it is
necessary to keep both furnace and charging doors shut and fitting
closely. When this is properly done, and the fire is in suitable
condition, the flame passing over the fire-bridge, as seen through a
small hole in the charging door, will appear smoky, which indi-
cates that the gases contain a very small proportion of free oxygen.
Under these conditions, however, it is difficult to observe how the
melting process is progressing. To clear up the interior for a
proper inspection, all that is required is to open the furnace door
slightly for the admission of air above the fuel, the oxygen of which
combines with the otherwise unconsumed particles (which caused
the smoky appearance), with the desired result, so that it is now
clear to observe and decide when to add the additional charge.
During the inspection and charging operations the excess of cold

N 2
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air passing over the molten metal has a decided cooling effect, and
at the same time increases the weight by oxidation, and must
therefore be carried out in the shortest time possible.

The slag formed during the process of melting gun-metal or
other compounds of copper in an air furnace is derived in much
the same manner as that described in relation to slag formation
in a cupola melting pig iron; the silicon being in this case
derived chiefly from the brick lining of the air furnace, the acid
properties of which cause it to combine readily with the oxides
of copper, tin, zine, &c., which may be present, thus forming
a fusible slag. It is all the more desirable to avoid oxidation,
owing to the strong tendency of molten copper to absorb oxide of
copper, the effect of which is to make the metal brittle and cold-
short.

Fia. 59.

Fig. 59 shows the section of an air furnace in which the roof is
so constructed as to deflect the heat on the bed of the furnace in
two places; by which arrangement a larger area of metal is acted
upon, and heat is economised.

Tn cases of furnaces for melting bronze, it is sometimes neces-
gary to build them with large charging doors, to permit of the
introduction of heavy masses of metal.

Fig. (0 shows'the horizontal and vertical sections of a brass
furnace thus arranged, which construction could, however, be
adopted for the fusion of cast iron. There is a large charging
door at the end near the chimney; the lower door is for tapping.

Furnaces for melting bronze should have a rather shorter
flame-bed than is used for melting cast iron.

. —
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Bessemer’s patents contain several suggestions which seem
admirably adapted for forming a fresh point of departure for
scientific furnace building. The original 1868 specification is
most comprehensive in its claims, but the main feature may be
indicated as the construction of furnaces for fusing difficultly
fugible varieties of iron and steel, with a shell of riveted boiler
plate or cast iron, lined with plumbago, fire-brick, or gannister, in
which, by supplying air through tuyeres at a very high pressure—
from 2 to 6 lbs. in excess of that it is intended to maintain in the

B B

— ———

Fia. 60.

furnace, while the products of combustion can only escape through
contracted openings, of which the area can be reduced or enlarged
at will by the insertion of stoppers—the combustion products are
kept from expanding freely. The pressure to be maintained in
the farnace is always to be at least 1 Ib. in excess of that of the
atmosphere, and may range to several atmospheres. The com-
bustion in farnaces of liquid hydrocarbons, and gascous, as well
as solid fuel, under high pressure, with details of the construction
proper for each modification, and minute details for the construc-
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tion of cupola, reverberatory, and other descriptions of furnaces,
suitable for the application of “ high-pressure” combustion, are
some of the points embraced in the specification. The design of
feeding-doors, so arranged that the fuel and metal may be intro-
duced without permitting the escape of the heated gases, and the
application of water-cooling to the escape orifice, are instances of
practical difficulties ingeniously overcome. In subsequent patents
it is proposed to employ cupola and reverberatory furnaces but
slightly differing from the ordinary construction, except that they
are enclosed in strong iron chambers. This external or working
chamber is supplied with air at a great pressure, and the furnace
draws its supply of air from the reservoir; the pressure is main-
tained in the combustion space by contracting the furnace mouth.

Another proposed application of the high-pressure system is to
the Bessemer converter. Bessemer has, of course, special claims
to be heard when he proposes any modification of the process with
which his name is identified, but the advantages of this application
are perhaps hardly so considerable as he estimates them to be. It
is well known that certain varieties of hematite and Swedish pig
are, from a deficiency in carbon or silicon, the cause of great trouble
in the converter, owing to their not blowing hot enough, with the
result of leaving “skulls” of solidified steel in the coaverter—a
highly objectionable result, as need hardly be said. In order to
increase the heat of the blow in these cases, and to enable steel
and other scrap to be melted down in the converter, and also to
facilitate the decarburation of iron by means of nitrates—a process
in which it is difficult to maintain the melted metal at a sufficiently
high temperature—the inventor of the pneumatic process now
proposes to conduct the whole operation under pressure. To effect
this he either makes the mouth of the converter of very contracted
dimensions, or provides it with a movable conical stopper by which
the dimensions of the orifice may be regulated at pleasure. The
body of the converter is made of extra strength, and the blast sup-
plied at a pressure very considerably in excess of that ordinarily
used in the process, so that the gases may be retained at a pressure
considerably in excess of that of the atmosphere. By this means
he expects to raise the temperature of the metal in the converter
to a very great degree.
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In order to illustrate the mode in which it is proposed to
carry these ideas into effect, sections of the furnaces are given in
Figs. 61 and 62. Fig. 61 shows a longitudinal and cross vertical
section of a form of reverberatory furnace. To facilitate re-lining,
the central portion @ may be removed from the rest on a truck,
and when the repairs are completed it is replaced, and fixed in
position by bolting together the flanges d, ¢, g, k. The cover of
the charging hole & is kept in position by air or steam pressure on
a piston, working in the cylinder ¢, actuating the lever y.

Fig. 62.

The metal is charged into the furnace through strong circular
side doors m.

Fig. 62 represents a high-pressure crucible furnace built of
riveted plates, with a refractory lining. Four openings J, in the
dome, allow of the introduction of twelve crucibles and the required
fuel charge. These openings are closed by an iron plate fitting
into a conical seat, on which it can be screwed down by the bar
and screw. The fire-clay stopper serves to protect the iron cover
from the intense heat of the furnace. The combustion products
escape at the contracted orifice Q. and the blast is admitted through
tuyeres T.
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It is somewhat remarkable that no attempt has been made
on the large scale to put the idea of high-pressure furnaces to a
practical test, especially as the prestige of their inventor might
naturally be expected to predispose practical men in their favour.
Experience alone can prove if the economical advantages to be
derived from intensity of temperature in certain metallurgical
operations will outweigh the additional cost of the plant and blast
power by which the intensity of temperature is sought to be ob-
tained on the bLigh-pressure system. It is stated, however, that
in a very small furnace burning coke, with an average internal
pressure of 15 to 16 lbs. over that of the atmosphere, 3 cwt. of
wrought iron (engineers’ scrap) put in cold, was fused into a liquid
bath in less than fifteen minutes. As a somewhat comparable
result may be instanced the fact that it takes twelve minutes’
immersion in the bath of pig, after ten minutes’ exposure on the
bank in a Siemens furnace, to melt a somewhat larger quantity of
8-inch cubes of wrought iron. How sensibly immersion in melted
cast iron accelerates the fusion of wrought iron is well known. In
another instance & 12-inch length of 2-inch square Lar iron was
reduced to perfect fluidity in five minutes.
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CHAPTER VII.

MAXIMUM TEMPERATURES, MEASURES OF HEAT, THERMOMETERS
AND PYROMETERS.

I~ nearly all the processes counected with metals and their alloys,
constant reference is made to the temperatures at which certain
operations have to be performed; it will therefore be interesting
to observe in detail some of the conditions which limit the degree
of temperature attainable by combustion of fuel (carbon) in the
manner detailed in examples 1 to 5, page 73.

During the process of combustion the resultant gaseous pro-
ducts in passing off carry with them the total heat, which is sub-
sequently distributed throughout the various adjacent substances
by conduction and radiation, until the said products reach the
normal temperature of the surrounding atmosphere. If the total
heat developed is entirely absorbed in the first place by the pro-
ducts of combustion, then the theoretical maximum temperature
which it is possible to obtain from any particular form of fuel will
depend on the weight and specific heat of their respective products.

The temperatures obtainable having an important bearing on
the choice of a fuel, the following caiculations will be found both
useful and instructive :—

1. Required the maximum theoretical temperature by the
complete combustion of carbon in oxygen to form carbonic acid
(CO,). In such calculations it is necessary to deal with some
fixed weight of fuel, one pound weight being adopted here, in
order to make use of the various other figures and tables given.
In the previous example it is stated that the product of complete
combustion is carbonic acid (CO,) weighing 3°66 lbs., i.e. carbon
11b., and oxygen 2:66 lbs. The amount of heat absorbed by
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these products (CO,) for each degree Fahr. rise in temperature,
is obtained as follows :—

Producta,
Carbon + Oxygen Carbonio acid (CO,) x 8p. heat
(11b. 4 2:661bs.) = 8-66 lbs. X *2164 = °*792 B.T.U’s.

The total heat of combustion, as already stated = 14,500
B.T.U’s. Therefore the total rise in the temperature of these
products, before they can have absorbed the total heat, is ascertained

as follows : —

Total heat due to combustion of 1 1b. Carbon to CO,
Total heat required to raise the temperature of the products CO, 1° Fahr.
_ 14,500 B.T.U’s.
= 7792 BT.Us.’

Deg. Fabr.
That is, total rise in temperatureis .. .. .. .. .. 15,308
Adding the iuitial temperature, say .. .. .. .. .. 62
Therefore the maximum temperature obtainable is .. .. 18,370

2. Required the maximum theoretical temperature by the
complete combustion of carbon with air. In this example the
products contain free nitrogen in addition to carbonic acid, and
therefore represents more nearly what takes place in ordinary
practice. And the heat equation will now be as follows : —

Specific Thermal

Products. eat. Unita.
. Carbonic acid (CO,) 366 x ‘2164 = -792

Carbon = 100 Ib. . . . — o
Oxygen = 2:66 ,, | = | Nitrogen ) 894 x ‘2440 = 2-181
Nitrogen = 894 ,, Total products 12:60(CO, + N) = 2-973

As in the previous example, the total heat developed is 14,500
B.T.U's.; but in this example the increased volume and weight
of products (due to the presence of nitrogen from the air) require
2-973 B.T.U’s. to raise their temperature one degree Fahr.

The meximum temperature obtainable is therefore much less,
and is derived as follows:—

Total heat of combustion of Carbon to CO, in air
Total heat required to raise the temperature of products 1° Fahr.
14,500 B.T.U’s.
=293 BT.Us "
Deg. Fahr.

That is, the total rise in temperatureis .. .. .. .. .. 4877
Add initial temperature of air, say .. .. . o oo o 62

Therefore the maximum temperature obtainable is RO 4939
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3. Required the maximum theoretical temperature when
carbon is partially consumed in air to form carbonic oxide (CO).
The heat equation is as follows : —

Weight Specific Thermal
Products. in Ibs. Heat. Units.
. Carbonic oxide (CO) 2:33 x 2479 = 5776
Carbon = 1-00 lb. . ; .
Oxygen =133 ,, § = Nitrogen (N) 447 x 244 = 1-0906
Nitrogen = 447 ,, Total products 6:80 (CO+N) = 1-6682
ion to CO
Therefore total rise in temperature = total heat Oflﬁ:;:zu stion
_ #4409 BT.U%. -
~ 1°6682 B.T.U’s.
Deg. Fahr.
That is, total rise in temperature is e e e e .. 2643
Add normal temperature, say .. .. .. .. .. .. .. 62
Therefore the maximum temperature is .. .. .. .. 2705

4. Required the maximum temperature when carbonic oxide

(CO) free from nitrogen is burnt in air to form carbonic acid
(CO,).

Hear EQuaTION.

Weight  Specific  Thermaj

Products. in 1bs. eat. Unita.

Carbonic (Carbon = 1-00 Ib. Carbonic ucid (CO,) 8:66 x °2164 = -792

oxide {Oxygen =18, Nitrogen (N) o 4°47 x 2440 =1-0906

Air for (Oxygen =133 , [~ —_ _
eombustion{Nit.rogcn =4-47 ,,

Total products .. 8-13 (CO,+N) =1:8826

lo 2, 73
Therefore maximum rise in temperature = Total heat (Eja.rsngrzz page 73)

_ 10,091 BT.U.
= I'852s B.T.U."

Deg. Fahr.
That is, maximum rise in temperature is 5360
Add normal temperature, say .. .. .. .. .. .. .. 62
Therefore maximum temperatureis .. .. .. 5422

5. Required the maximum temperature when carbonic oxide
(CO) is burnt in air to form carbonic acid (CO,) and nitrogen.
The carbonic oxide in this example being derived as in an ordinary
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gas producer with air blast, it therefore contains in addition an
amount of free nitrogen, by reason of which the weight or volume
of the products is correspondingly increased, so that the heat
equation is now as follows : —

Producer  Combining Weight  Specific  Thermal
Gas. Elements. Products. in 1bs. cat, Units,
Curbonic (Carbon = 1-001b.) (o ponio acid (CO,) 866 x 2164 = -792
oxide and \Oxygen =138 ,, | |\ oo0n () 8:94 X 2440 = 2-181
nitrogen (Nitrogen = 4°47 ,, ' = v _—
Air for {Oxygen =188, Total products .. 1260 (CO,+N) = 2:973
combustion| Nitrogen = 4-47 ,, — I—
Therefore the maximum rise in temperature
Total heat, as before (Example 2, page 73) _ 10,091 B.T.U’s.
= Heat carried off by products for each degree rise  2- 973 BT.Us.~
: Deg. Fahr.
That is, the maximum rise in temperature is ee e .. 8394
Add normal temperature, 88y .. .. .. .. .. e o 62
Therefore the maximum temperatureis.. .. .. .. .. 8456

6. Required the maximum temperature when carbonic oxide
(CO) free from nitrogen is burnt in pure oxygen to form CO,,
80 that there will be no nitrogen in the products of combustion.

HEeaT EQUATION.

Carlfouic {Ocrbon =1001b.) oo W“G"‘ Sﬁ“‘““ T(‘J';"zll
oxide \Oxygen =183 , | _ oo1hinic acid (CO,) 3 66 x +2164 = +792
For com- }Ox n =133
bustion vee ”
Therefore the maximum rise in temperature
Total heat, as before (Example g,_pnge 73) _ 10, 091
= Heat carried off by the products for each degree rise ~ 792 '
Deg. Fabr.
That is, the maximum rise in temperature is .. .. .. 12,741
Add the normal temperature, say e et ee ee e 62

Therefore the maximum theoretical temperature is .. 12,803

7. Required the maximum temperature when carbon is burnt
completely to form carbonic acid (CO,) with air previously heated,
g0 that it constitutes hot blast raised in temperature 1000° Fahr.
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116 lbe. of air are required per pound of carbon (see page 75),
and specific heat of air = 2379 (see page 72).

Bgeelﬁc Rise in
Lbe. eat. Temp.
So that the total heat added to the air} =116 x *2379 x 1000° Fabr.

previous to combustion .. .. .. = 2759 B.T.U’s.
The total heat to be dlstnbuted orspent | _
in raising the temperature of the pro- { — (1&5:););92;5;)#.’1‘.0’;
ducts of combustion is now .. .. - S
As in the second of these examples, the
heat carried off by the products of com- | _ .
bustion for each degree Fahr. rise in [ 2978 BI.Us.
temperature .. .. .. .. .
. .. 17,259 B.T.U’s.
Therefore the maximum rise in temperature = m—B—T-‘—J 8
. Deg. Fahr.
That is, the maximum rise in temperature is ee e .. 5805
Add the normal temperature, sy .. .. .. .. .. .. 62
Therefore the maximum temperatureis .. .. .. .. .. 5867

ABSTRACT OF THE FOREGOING CALCULATIONS FOR THEORETICAL
Maxmuy TEMPERATURES,

Max. Temp.
Deg. Fahr.
1. Carbon burnt completely in pure oxygen to form CO, .. 18,370
2. Carbon burnt completely in air to form CO; .. .. .. 4,939
8. Carbon burnt partially in air toform CO .. .. .. 2,705
4. Carbonic oxide gas (CO, pure) in air to form CO, . 5422
5. Carbonic oxide gas (CO+N) in air to form CO, .. 8,456
6. Carbonic oxide gas (CO, pure) and pure oxygen to
form CO, .. .. 12,803
7. Carbon burnt completely in heated air (1000’ Fahr) to
form CO, .. .. .. .« o w0 o o o .. 5867

Although the foregoing™ figures are of considerable interest,
in so far as they point to a limit of calorific intensity derived
by combustion of the various forms of fuel referred to, when the
products of combustion are supposed susceptible of being in-
creased in temperature in direct proportion to the amount of heat
applied, it must be remembered that these conditions do not
obtain in practice, owing to practical limits to the rate of com-
bustion, also the limiting effects caused by dissociation of the
constituents of the gases. The temperature at which the various
gaseous products begin to break up or dissociate, varies according
to the composition and conditions of pressure, but generally the
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maximum practical temperatures obtainable, for the reasons stated,
are very much less than those given in the foregoing abstract,
as indicated by the following actual temperatures obtained by
“ Bunsen.” Actual temperature obtained by combustion of car-
bonic oxide to CO, = 4892° Fahr. Actual temperature obtained
by combustion of carbonic oxide in air to CO, = 3092° Fahr.*

These actual temperatures were obtained at atmospheric pres-
sure; higher temperatures, however, were also obtained by in-
cressing the pressure under which combustion was carried out.
The latter results will suggest the working of certain metallurgical
operations under pressure when higher temperatures are reqnired,
as already proposed by Bessemer, for which purpose he designed
the reverberatory furnace shown in Fig. 61, also the crucible far-
nace, Fig. 62, referred to in pages 181 to 185.

MEeLTING PoINTs AND SPECIFIC HEAT OF METALS-

Metal. Specific Heat. Mf,{,‘é?ﬁ{gl?‘-
Steel .. . .. . 0 e .. = 8250
Wrought ircn .. .. .. .. .. °118 3250
Castiron .. .. .. .. .. .. 112 2750
Copper.. .. .. . . . .. 095 2000
Gunmetal .. .. .. .. .. .. — 1900
Brass .. .. .. o .. .o .. 094 1834
Zine .. .. . . . .o .. 0927 770
Lead .. .. .. .. .. .. .. °0293 612
Tin .. & & & o . .. 0514 442
Silver .. .. .. .. . .. .. 0557 1878
Gold .. .. .. .. . . .. 0324 " 2100
Platinam .. .. .. .. .. .. ‘032 3080
TEMPERATURES INDICATED BY COLOUR.
Deg. Fahr,
Welding heat .. .. .. .. .. .. 2800
White ,, - 1(1]
Orange .. .. .. . 0 o .. .. 2010
. Cherryred .. .. .. .. .. . . 1650
Brilliantred .. .. .. .. .. .. .. 1470
Dull 3 e ee  es  es  ee e . 1290
Faint ,, .. .. .. . o o . 960

The instruments used for observing these temperatures are
known as the thermometer, or measure of heat; and the pyro-
meter, or measure of fire.

The first is employed for all temperatures up to that at which

* See Bloxam and Huntington, ¢ On Metals.’
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mercury boils ; the second is more particularly used to ascortain
those higher temperatures in which the nature and construction of
a thermometer will not allow of its use. The thermometer deals
with a range of heat comparatively easy to register and observe,and
reliable instruments may now be obtained, regulated to an extreme
degree of precision. Although much ingenuity has been employed
in the construction of pyrometers, great doubt is felt with regard
to their accuracy, more particularly at very high temperatures.
There is yet room for improvement in this respect, as a delicate and
reliable instrument for the observation of high temperatures would
be of great service to scientific men and manufacturers.

The latest invention, that of Siemens’ electrical resistance
pyrometer, bids fair to be of great utility, but as it is somewhat
expensive, and of a rather complicated onstruction, it is not likely
to be very rapidly adopted for ordinary workshop use.

Of all bodies, liquids are preferable for the construction of
thermometers, a8 solids are not sufficiently dilatable, and gases
are too much so. Mercury and alcohol are exclusively employed
in their manufacture ; the first, because it does not boil but ata
very high temperature, 600° Fahr., and the second because it does
not solidify at the coldest point known. Mercury is generally
used. The instrument is composed of a capillary glass tube,
terminating in a cylindrical or spherical bulb of the same material.
The reservoir and a part of the stem are filled with mercary, and
by a scale, graduated on the tube itself, or parallel to-it, we
ascertain the expansion of the liquid. On the stem, two fixed
points are marked, representing always identical and easily repro-
ducible temperatures. Now, experience has shown that the
temperature of melting ice is invariably the same, whatever may
be the source of heat, and that distilled water constantly boils at 8
particular temperature, provided there be the same pressure, and
a vessel of the same material. Consequently, for the first point,
the temperature of melting ice has been taken, and for the second
the temperature of boiling distilled water. These two baving
been defined, the intervening space is divided into equal parts or
degrees, and these divisions are continued the length of the scale.

In the graduation of thermometers there are three scales, the
Centigrade (invented by Celsius) liéaumur’s, and Fahrenheits:
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the first is used in France, and by authors of scientific works in
other parts of Europe, England excepted. Réaumur constructed
his thermometer in 1731, adopting the same freezing and boiling
points as Celsius; in the Réaumur the intervening space is
divided into 80 degrees, so that 80 degrees Réaumur are equivalent
to 100 degrees Centigrade: 1° R. is therefore equal to 1% or
4°of Celsius, and, reciprocally, 1° C. is equal to {3 or £°R. Con-
sequently, for converting a number of degrees R. into degrees C.
(20, for instance), this number must be multiplied by 2, because
1° R. is equal to §° C. 20° R. converted into C. are 20 times ,
or 25. It is obvious, also, that for converting the degrees of C.
into those of R. they must be multiplied by 4.

Fahrenheit, in 1714, invented a thermometrical scale, which is
popular in Holland, England, and the United States. The upper
fixed point of this instrument corresponds with the boiling point
of water; but a temperature obtained by mixing equal parts of
pulverised sal-ammoniac and snow together, is marked 32°, the
intervening space being divided into 180 degrees.

Thus the thermometer of Fahrenheit when placed in melting
ice, stands at 32°; consequently 100° Centigrade are equivalent to
212 minus 32, or 180; 1° C. is therefore equal to $§9 or 2° F. ;
and, reciprocally, 1° F. is equal to $33 or 3° C.

Suppose a certain number of degrees Fahrenheit, say 85, have
to be converted into degrees C. For this purpose. first, 32 must
be subtracted from the given number, so as to count the two
kinds of degrees from the same point of the stem. The remainder
is 53. And, a8 1° F. is equal to ° C., 53° areequal to § x 53 =
294 C. Reciprocally, for converting degrees of C. into degrees of
F. the given number must be multiplied by 2, and 32 added
to the product.

To make a thermometer.—Take a fine glass tube blown into a
bulb at one end. Heat the bulb—the air then expands; place the
tube under mercury, which will enter the tube as it cools. It
must then be so managed that the mercury stands at a convenient
height in the tube at ordinary temperatures.

Apply heat until the mercury expands to the top of the tube,
seal the tube by heating it and pinching the glass together with
a pair of nippers. If this is neatly done, the mercury on cooling

o
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will sink in the tube, leaving a vacuum above it. The boiling
point of distilled water is 212° Fahr., at the ordinary baro-
metric pressure, and the freezing point of water is 32° Fahr,
consequently the boiling point and the freezing point are easily
obtained. The intermediate space is divided into 180°. In both
the Centigrade and Réaumur thermometers the freezing point
is marked zero (0), the boiling point in the Centigrade is 100°,
whilst in the Réaumur it is 80°.

Spirit thermometers are used for taking very low temperatures,
a8 spirits cannot be frozen.

Registering thermometers are made by contracting the neck of
the bulb, so that when the mercury expands upwards by heat, s
portion of the mercury will remain to indicate the highest point
reached. Another mode is to separate a small portion of the
mercury by a small air-bubble, from the rest. To reset the
thermometer, allow it to cool, and then shake down the small
portion of mercury which registers the high temperature.

In measuring the melting points of metals, the temperature
must be taken just before melting takes place, because at the
moment of liquefaction a certain quantity of lateut heat is absorbed,
and beyond that point the temperature of the melted metal might
rise considerably, and make the observation incorrect ; asa thermo-
meter cannot then be directly applied, a pyrometer is employed.

Numerous pyrometers have been devised for ascertaining
temperatures by the expansion of air from heat. This is the principle
of the pyrometers of Schmidt, Petersen, and Pouillet. Where
these instruments can be conveniently applied, they are capable of
yielding very accurate results.

The final indications of this kind of pyrometer will of course be
arrived at by the laws of expansion of air and gases by heat.
M. Regnault gives the amount of expansion of atmospheric 8if
heated from 32 Fahr. to 212° Fahr. as 2665 or *3670 on its
original bulk at 32° Fahr.

Wedgwood's pyrometer was founded on the property which
clay posscsses of contracting at high temperatures. The apparatus
consisted of a metallic groove, 24 inches long, the sides of which
converged, being half an inch wide above, and three-tenths of an
inch below. The clay was made up into little cylinders, of
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truncated cones, which fitted the top opening of the groove when
they had been heated to redness ; and their subsequent contraction,
when still further heated, was shown by their sliding gradually
down the groove till they arrived at a part of it through which
they could not pass.

This measure of heat is no longer employed by scientific men,
as its indications cannot be relied upon, owing to the variations in
the quality of clay, &c. ; but there are times when the principle
involved in its construction may be of use for rough approximations
of high temperature.

Wedgwood divided the whole length of the groove into 240°,
each of which he supposed equal to 130° Fahr., and he fixed the
zero of his scale at the 1077th degree of Fahrenheit’s thermometer.

He assumed that the amount of contraction of the clay would
be always proportionate to the degree of heat to which it might
have been exposed. This is erroneous, for it is found in practice
that a long-continued and moderate heat will cause the clay to con-
tract to an equal amount as a fiercer heat applied for a short period.

Another proof of its inaccuracy is to be found in the absolutely
impossible temperatures recorded in some chemical books as being
obtained by this instrument. Thus it had been stated that cast
iron melts at 17,977° Fahr., and that iron welds at 21,000° Fahr.,
whereas it can be shown that the utmost temperature to be obtained
by the combustion of carbon with atmospheric blast cannot exceed
4939° Fahr. (see Example 2, pages 187 and 190)—a temperature
far exceeding even the melting point of mild steel.

Since the invention of the foregoing in 1782, a number of other
heat measures have been constructed, of which the following are
the most useful and reliable :—Daniell’'s, Schmidt’s, Gauntlett’s,
Wilson’s, Bailey’s, Carsatelli’s and Siemens’ Electrical Pyrometer.

The great majority of substances expand, when heated more
particularly the metals; and steel expands, when heated, more
when tempered than when not tempered.

In Professor Daniell’s pyrometer, the temperature is measured
by the expansion of a metal rod, enclosed in a case composed of
black-lead and clay, in fact, of the same composition as a plumbago
crucible, in which is drilled a hole 3 of an inch in diameter,
and 7} inches deep. Into this hole the eylindrical rod of soft iron

o2
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or platinam of nearly the same diameter, and 6} inches long, is
introduced so as to rest against the solid end of the hole; and
upon the outer or free end of the metallic rod rests a cylindrical
piece of porcelain, called the index. When the instrument is
heated, the metal, expanding more than the case, presses the index
forward, which, by means of a wedge, is kept in the position to
which it has been forced, when the instrument is removed from
the furnace and cooled. A scale is then attached to measure the
precise extent to which the index has been pushed forward by
the metallic rod; it thus indicates the difference between the
elongation of the platinum rod, and that of the black-lead case
which contains it. For its indications to be absolutely correct, it
is necessary that the rod and the case should expand uniformly, or
both vary at the same rate.

A very inconvenient circumstance attending the employment of
this instrument is that no indications of temperature can be obtained
by it until it is removed from the furnace.

Gauntlett’s pyrometer is constructed on the principle of obser-
vations made upon the differential expansion of rods, or tubes, of
brass and iron. This cannot be relied upon beyond a point
approaching red-heat, at which permanent elongation of the metals
gets in. Such pyrometers are, within limits, however, very useful,
and several varieties are made, of which two are illustrated in
Figs. 63 and 64, the former showing Carsatelli’s and the latter
Bailey’s.

The instrument made by Carsatelli consists of a tube @ of iron
or other metal, which at one end is screwed into a metal cone b,
having through it a number of transverse holes ¢, and at the;other
end to a flanged socket d, and inside the tube a there is a’second
or smaller tube e of metal, the ratio of expansion of which by heat
is different from the outer tube. This inner tube e is also screwed
at one end to the metal cone b, and has at the other end transverse
holes £, and a plug g, into which is screwed one end of a rod &
which passes through a stem ¢, screwed and adjusted to the
flanged socket on the top of the outer tube, and afterwards beld
firm by the nut %; and to this stem ¢ is fixed a case provided
with a dial. The other end of the rod % is in contact with 8
small block n, pivoted to an arm o of the toothed quadrant or
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segment p gearing into a pinion
on the spindle carrying the index
hand, and as the rod 4 is moved
up or down, according to the
expansion or contraction of the
tubes of metal, it gives motion
to the toothed quadrant and
pinion, and consequently to the
index hand. The hot blast is
passed through the instrument
by inserting the cone b into the
socket of the plug of the tuyere-
tube, or other suitable place, the
current passing through the
inner tube through the holes at
the top, between the inner and
outer tubes, and out through
the holes ¢ in the cone.

The outer tube A has a
cover T of wood, or other non-
conducting material, encircled
by felt or cloth u for preventing
the radiation of heat from the
instrument, and enabling it to
be handled comfortably.

In W. H. Bailey’s pyro-
meter, Fig. 64, an attempt is
made to preserve a portion of
the length of the rods employed
non-pyrometrical, in order that
when it becomes necessary to
pass the stem of the pyrometer
through brickwork, as in the
case of a furnace, that portion of
the stem which is actually in the
heat shall alone be utilised for

pyrometrical purposes; thus a
more accurate indication of the

Fic. 63.

197
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heat is obtained, and the permanent expansion of the materials
reduced to a minimum.
Arrangements are made to return the index finger to zero when

Fia. 6t
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required, and there are also two hands, one of which makes a com-
plete revolution for every degree indicated by the other, and thus
at every revolution of the smaller hand the larger hand will only
move one degree, but in its whole revolution will indicate the
total heat.

In Fig. 64, A is a wrought-iron tube, passing through the
brickwork B, and having a brass or copper tube C, screwed in on
the other side of the brickwork as illustrated. D is a wrought-
iron rod connected with a quadrant at one end for actuating the
index spindle, and which rod, being of the same material as the
tube A, only that portion of its length which extends beyond
the mouth of such tube A into the furnace or oven has any
influence in indicating the temperature of the furnace or oven by
the difference in its expansion as compared with the brass or
copper tube C; but any other materials which expand unequally
may be employed either in the form of rods or tubes, provided that
the tube which passes through the brickwork is compensated for
by an inner tube or rod of the same material and length as the
tube or casing A.

In Fig. 64, E is the index spindle carrying the index hand
F, disc wheel G, and mill-headed knob H, all firmly secured
upon the spindle. I is a toothed pinion combined with a ratchet-
wheel J, which is mounted loosely upon the spindle E, but is com-
pelled to turn with it in one direction by the application of a
spring pawl K, mounted upon the face of the disc wheel G, and
taking into the teeth of the ratchet-wheel J; the pinion I gears
with the ordinary toothed quadrant L, which is connected with the
internal tube or rod, upon the expansion of which, as compared
with the external fube, the indicating depends. This pinion acts
upon the spindle E, as if it was fixed thereupon, but if, through
permanent expansion of either of the differently expanding ma-
terials employed, the index finger F fails to return to the starting
point, by turning the knob or handle H, the spindle may be turned
in the direction of the arrow, without affecting the position of the
pinion, as the spring pawl K permits the disc wheel G to turn
independently in that direction, and thus the instrument may be
adjusted to the greatest micety. To ascertain the fractions of a
degree of temperature, a toothed wheel M is fitted to the spindle



200 FOUNDING AND CASTING.

E gearing with a pinion N, which turns a pointed hand O indi-

Q

70

i

T
|

,
!
1

I

i

HHITHIm
ES

XYY,
SNy

EPy

:
IRV AN
RN

Scale } th

Fi6. 65.

cating upon a smaller dial.

The principle of the measure-
ment of high temperatures fonnded
upon the quantity of heat im-
parted to a given bulk of water,
at some known temperature, by
plunging therein a heated body, is
that upon which Wilson's pyro-
meter, Fig. 65, is based.

The instrument consists of a
copper vessel A, capable of holding
rather more than a pint of water,
and well protected against radia-
tion by having two duuble casings
around it, the inner containing air,
and the outer filled with felt. A
good mercury thermometer B is
fixed in it, having in addition to
the ordinary scale a small sliding
scale C, graduated and figured
with 50° to 1° of the thermometer
scale: there is also provided a
cylindrical piece of copper D, accu-
rately adjusted in size so that its
total capacity for heat shall be
a5th that of a pint of water. In
using the pyrometer, a pint of
water is measured into the copper
vessel, and the sliding pyrometer
scale C is set with its zero at the
temperature of the water, as indi-
cated by the mercury thermometer
B; the piece of copper is then
attached to a piece of wire placed
in the substance, the temperature

" of which it is wished to ascertain,

and is allowed to become heated
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for about two minutes, when it is quickly dropped into the water
in the copper vessel, and raises the temperature of the water in
the proportion of 1° for each 50° of temperature in the copper ;
the rise in temperature may be read off at once on the pyro-
meter scale, and if to this be added the actual temperature of the
water, as shown on the scale of the mercury thermometer, the
exact temperature is obtained. This pyrometer is found to be
more accurate than others for such temperatures as will not melt
platinum ; for still higher temperatures, a piece of platinum would
be used instead of copper, and the instrument would then be

Fia. 66.

available up to the highest temperature that platinum would stand.
Of course this instrument cannot be used for taking observations
in inaccessible places.

Another mode of utilising a thermometer in measuring high
temperatures approximately is Main’s pyrometer, shown in Fig. 66.
Here D represents a hot-blast pipe, and A the apparatus, which
consists of three concentric cylindrical vessels of copper or brass.
In the inner chamber a delicate thermometer is placed, and the
hot blast, conducted by the tube C from the pipe D, circulates
through the second chamber, passing out by the tapered nozzle E.
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The outer space is filled with a substance of low conducting
power.

The temperature indicated by the thermometer does not, of
course, represent the actual temperature of the hot blast; but to
ascertain this it is only necessary to insert a metallic pyrometer in
the hot-blast pipe D, and compare the relative indications, in order
to fix a ratio. Any ratio desired may be obtained by a simple
adjustment of the bore of the tapered nozzle. When the object is
only to regulate the temperature of the blast, this adjustment is
not required, it being sufficient to note the degrees indicated by the
thermometer when the blast is at the ordinary working temperature,
and thereafter maintain it at that point.

The electrical resistance of metal conductors depends upon their
dimensions, material, and also their temperature ; an increase of
the latter causing a corresponding increase of resistance. The law
of this increase is known. Thus the resistance of a conductor
being ascertained at 0° Centigrade, it can be calculated for any tem-
perature, and, vice versd, if the resistance can be found by measure-
ment, the temperature can be calculated. And this is the principle
upon which Siemens’ electrical pyrometer, Fig. 67, is based.

A platinum coil of a known resistance at 0° Centigrade is coiled
on a cylinder of fire-clay, protected by a platinum shield P, which
is placed in an iron or platinum tube, and then exposed to the
temperature to be determined. Leading wires /[ are arranged to
counect this coil with an instrument suitable for measuring its
resistance, and from this resistance the temperature can be calcu-
lated. These leading wires can be brought from the furnace into
an office, where the temperature could be read off, and recorded as
often as required.

The resistance-measuring instrument supplied for the purpose
is a differential voltameter. This consists of two separate glass
tubes, in each of which a mixture of sulphuric acid and water 18
decomposed by an electric current passing between two platinam
clectrodes. 'The gas which is generated is collected in the long
cylindrical and carefully-calibred top of the tube, and its quantity
is read off by means of a graduated scale fixed behind the tubes.

Movable reservoirs are provided communicating with the tubes
to regulate the level of the liquid.
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The current of the battery is divided by passing a commutator
into two circuits, one of which consists of an artificial resistance in
the instrument and the platinum electrodes in one tube ; the other,
of the resistance to be measured and the electrodes in the other
tube. The quantities of gas developed in the two tubes are in
inverse proportion to the resistances of their respective circuits;
therefore one of the resistances, viz. that in the instrument, being
krown, the other can be calculated.

The makers give the following directions for use:—Fill the
battery glasses with pure water, or, in case of the power of the
battery decreasing, with a solution of sal-ammoniac in water.
Connect the poles to B and B on the commutator. Expose the
small end of the pyrometer tube, as far as the cone, to the heat to
be measured, and connect the terminals X, X', C to the ends of the
leading cable, bearing corresponding letters. Connect the other end
of the leading cable to the terminals X, X', C on the voltameter.

The differential voltameter is to be filled with the diluted
sulphuric acid through the reservoirs, the indiarubber cushions
being lifted from the top of the tubes. The commutator is to be
turned so that the contact-springs on both sides rest on the ebonite.
The liquid in both tubes is to be regulated to the same level (0° of
scale), and the indiarubber cushions to be let down again. Give the
commutator a quarter of a turn, and the development of gas will
commence almost immediately. Turn the commutator half round
every ten seconds to reverse the current. Keep the current passing
until the liquid has fallen in the tubes to at least 50° of the scale,
then put the commutator in its first position, so that the contact-
springs rest on the ebonite; read off the level of the liquids on the
scale marked V, and the scale marked V'; find these numbers in
the table under V and V', and the intersecting point of the lines
starting from these figures gives the resistancef of the exposed coil
in black, and its temperature in red, figures. Ifhese pyrometers are
made by Messrs. Siemens Brothers, Woolwich




CHAPTER VIII.

REFRACTORY MATERIALS.

AvrrouGH the success of metallurgical operations depends so
largely on the possibility of finding proper refractory materials,
and they enter so prominently into the cost of these operations, it
can hardly be said that our knowledge of them is in a very satis-
factory condition, or even that we know very much about them,
beyond a few facts which have been gathered through their use.
Experience, as a general thing, is an excellent master, but the
requirements of modern metallurgy increase so rapidly that the
acquirements of experience became as rapidly useless, because
the exactions of temperature increase so fast, that the material
depended on yesterday is of but little value to-day. No materials
are required to resist so many and such varied conditions as those
required for crucibles, retorts, and furnace linings.

Such is the opinion expressed by Dr. T. Egleston in a valuable
paper on refractory materials, read before the American Institute
of Mining Engineers, and to which we are indebted for the major
part of the present chapter.

Dr. Egleston goes on to observe, that in the use of a given -
refractory material it will often be found that the same substance
is called upon to fulfil conditions which are not only different, but
exactly the reverse the one of the other. At one time it must
resist an oxidising, and immediately after withstand more or less
of a reducing action. . Now the action must be neutral, followed
by the corrosive action of scoriz, or sulphuric acid, or it must
withstand the action of basic scoria, and immediately afterward
only resist the action of metals in fusion. The same substance
must resist the destructive action of melting as well as melted
oxides, sulphides and silicates, and at the same time be proof
against any amount of heat. We seem to be astouished, and often
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complain, that one brick which resists the influence of oxide of
iron, should fail entirely under a gas flame, and that another should
slag under the influence of oxide of iron, but resist clear heat well ;
and yet, when the nature of the material is considered, we see that
it could not very well be otherwise. In many cases, and in certain
portions of a furnace, the brick may be called upon only to support
a very high temperature, coming in contact with the flame alone,
and this is the most trying condition of all our modern require-
ments, for under these conditions the material must resist the
temperature, and remain infusible without decomposition, cracking,
or alteration of any kind, and still retain strength sufficient to
resist the pressure of the furnace.

The substances with which we have to deal as refractory mate-
rials are silica, alumina, lime, magnesia ; clays which are silicates
of alumina, more or less pure; the hydrated aluminate of iron,
known as bauxite, and some silicates of magnesia, as talc, steatite,
and the minerals which are allied to them, all of which substances
are fusible in the strict sense of the word, but are generally in-
fusible at commercial temperatures. To these substances two
others must be added as powerful agents to render infusible, under
certain conditions, substances which would otherwise be fusible,
and these are water, and carbon in the shape of coke or graphite.

Some few rocks are used as refractory materials, without under-
going change. These rocks are quartzites, granites, some sand-
stones, conglomerates, serpentines, steatites, and, in certain cases, as
in Styria, carbonate of lime. Quartzite and sandstones wers, for a
long time, used almost exclusively for blast-furnace hearths. They
are very refractory, but very treacherous, as they are not }omoge-
neous. Some aluminous shales are also used, and will generally
resist, if they do not contain more than from 4 to 6 per cent. of
iron, the alkalies and the alkaline earths together, but it is not easy
to use them. They are not easily cut, must be laid in their quarry
bed, and are liable to crack. Other rocks of the soapstone and
serpentine varieties, which contain 60 to 63 per cent. silica, and
20 to 25 per cent. magnesia, are infusible, easily cut, and, if they
do not crack, can be used; but, in general, natural substances are
not homogeneous, are difficult to get in sufficient quantities, and so
little to be depended upon, that artificial materials are preferred.
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Stlica is found in nature as anhydrous and hydrous. The
arhydrous, which is quartz and jasper, cannot be used alone, as it
cracks and splinters. If it is to be used, therefore, it must be
reduced to powder. The hydrous varieties gelatinise with acids,
and are found as powders and soft stones, which pass under dif-
ferent names in different countries. They contain from 30 to 87
per cent. gelatinising silica, from 2 to 10 per cent. water, and from
0 to 40 per cent. insoluble silica, with from 2 to 10 per cent. of
iron, alkalies and alkaline earths. These impurities are generally
in too small quantities to affect their refractory qualities. The
rock is so tender, that M. Deville has had crucibles made in a
lathe out of it; but, as the composition is never regular, vessels
made by mixture are always better. Though silica is infusible, it
cannot generally be used without being ground, and, as it has no
binding quality like alumina, a small portion of binding material
must be added to make it hold together.

Silica is generally a very cheap material, and preferable to any
other substance if it is used only to resist heat, but cannot be used
if any considerable quantity of scoria are formed. In such cases
bauxite, or other aluminous material, will be found to be preferable.

Dinas brick, which is the best substance to resist heat alone,
requires lime for the binding material. This brick is made of
quartzose sandstone, which is first heated in a furnace, and thrown
into water, to break it up, and is then ground. It is composed
of—

8i0, .. .. .. .. .. .. 98-31to96°78 percent.
AlO, .. .. *72to 1-39
Fe,O, .. .. .. .. . . ‘18to  -48 "
CaO .. .. .. .. . . 22t0 14 "
NaKO.. .. .. .. .. . ‘14to  -20 »
HoO .. .. .. . L. *35to -30

The amount of lime required to bind it together is 14 per cent.
The joints between the bricks are filled with the same material.
At a temperature of 2200° C. (about 4280° Fahr.), these bricks will
last four weeks in the roof of an ordinary furnace, and in that time
will be reduced, by abrasion of the flame, and dust, and slightly
from chipping, from 9 to 2 inches. The bricks conduct the heat
so badly, that at this temperature, which is a bright white heat on
the inside of the furnace, it is only just warm on the outside.
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Ordinarily, the bricks seem to be fluxed away by the dust, which
circulates with the gases. In the Siemens furnace, where there is
no dust, they give out from weakness. They cannot be applied to
any pari of the furnace where there is any wear. Their principal
cause of deterioration seems to be the lowering of the temperature
due to stoppages on Suuday, when the bricks flake, either as the
furnace cools, or when it is again heated. It was at first supposed
that these bricks could only be made from the Dinas stone, but
it is now known that they may be made from any pure silicious
rock which has been ground and mixed with the proper quantity
of lime.

Ganaster is used for the Bessemer converters, elay being used
for the binding material, i.e. alumina and silica chemically combined.
Itis generally unburned, and it is very important that the mixture
should be so made that it will expand a little, but not shrink at all.
For this purpose quartz, as pure as it ean be had, is mixed with
the aluminous clay.

The following analysis will give a clearer idea of the composi-
tion of ganister, as ecompared with fire-clay bricks; the materials
referred to being obtained and manufaetured imto bricks, &e., at
Bonnybridge, near Glasgow :—

Elements. White Ganister Rock. Fire clay Brick. Per cent.
Silica .. .. .. .. 97°78 per cent. 66-20 per ccnt.} = 95-27
Alumina e e 20 » 29-09 ,,

Peroxide of iron .. .. 21 » 321

+ Potash .. .. .. .. mone ,, 56 = 471

Lime .. .. .. .. ‘38 L, ‘54,

Magnesia .. .. .. 44, 40

Soda .. .. .. .. 26, .

Organic matter .. .. 3,

100-00 100-00
" Specific gravity .. .. 2-55¢ 2-221

A special mixture of above ganister made at the Bonnyside
fire-clay works, and applied to the worn-out parts of the cupola
lining while soft, has in many instances been found to stand better
than when the fettling has been done by means of fire-clay scones

set in fire-clay.
Bauztte is one of the natural substances which bas been

applied as a refractory material. It is a compound of silica, alumina,
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and water. Like all aluminous substances, it has the advantage
of tending to form aluminates, which are less fusible than silicates,
and are generally completely infusible at commercial temperatures.
It does not have a very constant composition, for silica is some-
times not present at all, as is shown by the three analyses given
below :—

TasLe XVIII.—ANALYSES OF BAUXITE.

—_— Berthier. Deville. School of Mines.
ALO, .. . .. 52:0 58°1 60°00
Fe,0, .. o .. 27:6 30 0-80
80, .. .. .. . 21-7 23-00
HO.. .. . .. 204 14-0 15-00
TiO, e ee e . 3:2
Total .. .. 100:0 100-0 98-80

Dr. Siemens states that a series of experiments to form solid
lamps by using different binding materials have shown that 3 per
cent. of argillaceous clay suffices to bind the bauxite powder pre-
viously calcined. To this mixture about 6 per cent. of plumbago
powder is added, which renders the mass practically infusible,
because it reduces the peroxide of iron contained in the bauxite to
the metallic state. Instead of plastic clay as the binding agent,
waterglass or silicate of soda may be used, which has the advantage
of setting into a hard mass, at such a comparatively low tempera-
ture as not to consume the plumbago in the act of burning the
brick. When the lining is completed, the interior of the bricks is
preserved against oxidation by fluid cinder, added to bind them
together, which also prevents contact with the flame. A bauxite
lining of this description resists both heat and fluid cinder in a
very remarkable degree, a8 was proved by lining a rotative furnace
partly with bauxite and partly with carefully sclected plumbago
bricks. After a fortnight’s working the brick lining was reduced
from 6 inches to less than half an inch; whereas the bauxite
lining was still 5 inches thick and perfectly compact. It is also
important to observe that bauxite, when exposed to intense heat, is
converted into a solid mass of emery of such extreme hardness, that

P
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it can bardly be touched by steel tools, and is capable of resisting
the mechanical as well as calorific and chemical actions to which it
is exposed. The bauxite used for this lining was of the following
composition :—

Alumina .. .. .. .. .. .. 53:62 percent.
Peroxide of iron e e e .. 4226 ”
Siliea .. .. .. .. . . . 412

Almost all the aluminates of iron are infusible. Siemens has
taken advantage of this to make bauxite bricks, which have this
composition :—Alumina, 50 per cent. ; sesquioxide of iron, 35 per
cent.; silica, 3 to 5 per cent. They last five or six times as long
as the best Stourbridge bricks. Nothing has yet been found which
resists the corrosive action of basic slags so well.

Lime or lime rocks, cannot be generally used in commercial
operations, because the carbonate, the only form in which we have
it, becomes caustic under heat, and this, when left to itself, absorbs
water and falls to powder. It can be used when an operation is
continuous, but in no other case. In Styria the hearths and sides
of blast-furnaces are sometimes made of it, but they are generally
quickly abraded and make but short campaigns. Lime is infusible;
bricks of it are used for the fusion of platinum. It is, however,
very easily acted upon by silica ; but when this is absent it is one
of the most refractory substances known.

Magnesia made from the carbonate by driving off the carbonic
acid is very refractory, if pure. It is made into any shape that is
required, and is one of the most refractory of substances. It was
formerly very difficult to get the carbonate of magnesia, but large
quantities of it have been found on the island of Eubcea. It can be
calcined at a less cost than ordinary lime, losing half of its weight,
so that if calcined before it is transported, the cost may be still
further reduced. It contains a little lime, silicates of iron, and
some serpentine and silica. After calcination the serpentine and
silica can be separated, as it is easily crushed, but the most of the
work can bo done by hand-picking beforchand. Before moulding,
it must be submitted to about the temperature it is to undergo in
the furnace, otherwise it would contract. It is then mixed witha
certain portion of less calcined material, which is one-sixth for steel
fusion, and 10 to 15 per cent. water by weisht, and pressed in ifon
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moulds. If for any reason—either because there was too much or
too little water, or because the material was not properly mixed,
or contains silica—the crucible is not strong enough, it has only to
be dipped in water which has been saturated with boracic acid, and
then heated.

The materials of which fire-bricks are generally made, however,
are fire-clays. which are hydrated silicates of alumina, containing
from 50 to 65 per cent. of silica, 30 to 75 per cent. of alumina,
and 11 to 15 per cent. of water. The relation between the silica
and alumina is exceedingly variable, owing to the fact that a part
of the silica (which is not always the same) is combined and a
part uncombined. The quantity of water is also variable, as part
of it is hydroscopic and can be drawn off without injury to the
clay. The plasticity generally depends on the water of com-
bination, which, when driven off at a red heat, cannot be made to
combine again, so that this property is then entirely lost. Fire-
clay contains, beside, & small quantity of elements such as potash,
sods, lime, magnesia, and iron, and is generally less refractory as
it contains more of them. When it contains from 6 to 10 per
cent. it will generally melt. When the clay is silicious, 3 to 5 per
cent. of other substances makes it fusible. When it is aluminous,
6 to 7 per cent. of oxide of iron does not make it lose its refractory
qualities, owing to the very refractory nature of most aluminates.
‘When, therefore, the corrosive effects of basic slags are to be feared,
aluminous clays must be used.

Almost all clays contain organic matter; if it is present alone
it makes the clay more refractory, since the presence of even a
small amount of carbon tends to increase its resistance to heat, as
seen in graphite crucibles. Pure material composed exclusively of
silica and alumina would be completely infusible. Such material
is, however, exceedingly rare. The property of infusibility is
always more or less compromised by the presence of foreign sub-
stances, which tend to damage it or {ake it away altogether. The
clay, which according to Brongniart is the most refractory when
deprived of its hygrometric water, has the composition : silica,
57-42 ; alumina, 42°58.

While the refractory nature of clay is due, to a very great
extent, to its chemical composition, it is not due to it alone. There

P2
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are, probably, no two beds of clay in the world, or distant parts of
the same bed, that have exactly the same composition, and yet
they may be very nearly of the same quality. The power to resist
heat is, undoubtedly, owing in part to the molecular condition of
the particles, a subject which has been but little studied, and is
but little understood. Many clays, which would be rejected from
chemical analysis alone, are sometimes found in practice to be
excellent refractory materials. It has been found that the re-
fractory nature of the clay depends also to a great extent on the
mechanical arrangement of the particles; for of two materials
having exactly the same chemical composition, one being coarse
and the other in a fine powder, the coarse may be practically
infusible, while the fine may be more or less easily fusible. The
more porous the same substance is, the more infusible it will be.
It may be said in general terms that the value of a given re-
fractory clay will be inversely as its coarseness and as the amount
of iron contained. When the amount of iron reaches 5 per cent.,
the material becomes worthless. This is true, however, only in
general, for Pettigaud cites an excellent clay from Spain, in which
there is 25 per cent. of iron. This is, however, an exception, and
will be referred to again.

In order to be useful, clays should be, or should be made to be,
more or less plastic, as this property is necessary to their being
moulded into the many shapes required. This plasticity is owing
to the fineness of the particles, to the presence of alumina, and to
the water of combination. It is diminished by the presence of
iron, lime, and magnesia. The refractory nature of the clays,
then, is due to the presence of alumina, and to the absence of
potash, soda, lime, magnesia, and iron. The characteristics of all
tine clays may be said to be that they do not effervesce with acids,
that they make a paste with water, which is absorbed so rapidly as
to make a slight noise. This paste can be drawn out without
breaking, and is very plastic. Dry, they are solid, and break into
scales when struck. They have a soapy feel, are scratched or
polished by the nail, can be cut into long ribbons with a knife, and
appear somewhat like horn. When fresh from the quarry they
have a more or less feetid odour, owing to the presence of some
decomposed organic substances. In composition they contain, as
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we have seen, either silica or alumina in excess. Silica in excess
makes them rough, and takes away most of their plasticity and
tenacity ; alumina makes them very plastic ; magnesia makes them
very unctuous, and almost soapy, but does not make them fusible ;
lime makes them dry and fusible ; iron and other substances change
their colour, and, beyond certain very restricted ‘limits, make them
fusible. The grey and brown colours, up to black, are owing to
a emall percentage of bituminous material. White clays are
generally considered the best, but there is no certainty about it,
as they often crack, or even melt. It is generally an excellent
sign if they leave unbroken lines when scratched by the nail.
It is, however, never safe to judge by the eye or the touch, as
some of their chief characteristics apply equally well to materials
not in the least refractory, and even those that are peculiar to
them may be taken away by improperly drying them, by careless-
ness in storing or handling them, or by allowing them to become
mixed with other substances. A preliminary analysis gives only
a general idea of their nature, but it is not always a safe guide to
the manufacturer, who needs first an analysis and then an assay :
for some of the most inferior clays, if we should judge Ly their
analyses, give excellent results when used as mixtures. Analysis
is necessary both before and after the assay, but there is a
molecular force which seems to have more to do with the value
of the material than the chemical composition. The greater this
force is, the Jess likely the heat is to overcome it, either to cause dis-
integration or chemical union. If possible to do so. all clays should
undergo some process of preparation with a view of purifying them.

Every person using clays should endeavour to get a certain
knowledge of their properties by assay. Therc have been & num-
ber of these assays published. The two simplest and best are, the
one proposed by Bischoff and the foil assay.

Bischoff’s assay is based on the comparison of every clay with
one from Garnkirk, in Scotland, which is taken as a type. For
this purpose the clay to be examined is mixed with oue, two, three
to ten parts of quartz. It is then raised to a known temperature
and compared. If the clay, with three parts silica, acts like the
Scotch clay with one, it is called three, and so on. The best and
simplest assay seems to be one made by the blowpipe, which con-
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sists in mixing a small quantity of clay with water, and then
spreading it out carefully on a piece of platinum foil in a very thin
sheet, which, when completely dried, is submitted to the flame and
compared with clay of known fusibility prepared in the same way.

Very few clays can be used as found. They must be,as it
were, suspended in some fusible material, which will prevent, as
far as possible, the mechanical effects of the heat, and allow at the
same time of a certain amount of expansion and contraction, while
preventing both in too great a degree. These materials are
generally called “lean,” that is, they do not make a paste with
water, and require some binding material to keep them together.
They are usually quartz sand or pulverised quartz, burnt clay, old
bricks, serpentines, tale, graphite in powder, and not infrequently
small coke, when the ash is not to be feared, and when graphite
either cannot be had, or cannot be used on account of its high
price.

Of all these substances quartz sand is the cheapest, but it has
been found by experience that round grains of sand are less liable
to become thoroughly incorporated with the binding material than
the angular pieces of crushed quartz, so that when a very refractory
material is required crushed quartz is always used. As the clay
contracts, the quartz expands, consequently a mixture may be
made which will not change its form; but in a given case this
may not be the best mixture for a special use. If the material has
only to resist great heat, an excess of quartz is preferable ; but if it
must also resist the corrosive action of basic slags (clays burnt at a
high heat), graphite or coke can be used. When the mixture is
made in the place where it is to be used, without previous burning,
it is generally made of one-fifth plastic clay and four-fifths burnt
clay or quartz, or one-fourth lean clay and three-fourths burnt clay
or quartz. This is done to avoid contraction. It is a most
economical construction, even in blast-furnaces, and is coming more
and more into use.

The clay, when mined, is left exposed to the air under sheds,
and is cleaned and carefully dried; it is afterwards mixed with
the substances with which it is to be incorporated, which are
classified by numbers, varying according to the size of the sieve-
holes through which they will puss. The quantity and quality of
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the mixture will determine the refractory nature of the material to
be produced. A friable paste with large grains, and quite porous,
resists & great heat. One with fine grains, close and compact, splits
at a high heat, especially if it is not homogeneous. The manner
in which the mixture is made also influences the quality of the
brick quite as much as the material. In some works in Belgium,
after taking all the ordinary precautions to make the mixture
perfect, it is submitted to a succession of shocks continued for some
time, until it is found by experiment that the materials are per-
fectly mixed. It has been found by long experience that the bricks
so made keep their form perfectly, while others made of exactly the
same mixture in the ordinary way contract.

The quantity and size of the mixture depend upon the size of
the article to be manufactured. When coarse grains are used,
greater thickness must be given to the sides of the articles if they
are hollow, and they must be made larger if they are solid, thus
giving a mechanical cohesion where a chemical one is wanting.
The usual quantities of the mixture are two-fifths to two-thirds of
the substances added to two-fifths to one-third of the clay, these
quantities being determined by volume and not by weight. When
coke-dust is used it does not seem to have any decided effect
beyond one-tenth. The action of coke or graphite is to decompose
the metallic oxides as they form, and thus prevent their union
with the material of the crucible. Coke may be profitably used in
the place of graphite when the ash is in small quantity, free from
iron, and highlyjaluminous. Beyond 2 to 3 per cent. graphite cannot
be profitably used, as it weakens the article and renders it liable to
break. The mixture which gives the very best results for small
objects is, however, worthless for large. It will generally be found
that the pieces which crack up and down in drying have had too
much material mixed with the clay, and those which crack laterally
have had too much clay.

The very greatest importance is attached in some industries to
not having a mixture made by a machine. In most places even to
this day the inhuman method of hecl treading is used, because,
either from the fact that more care is cxerecised, or because smaller
quantities are mixed at once, better results are obtained. The
more the operations of mixing are repeated, the better the material,
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and it is undoubtedly true that with mechanical means such a
homogeneous paste is not produced as can be made by human
labour, because the whole object of the machine is to operate on
large quantities at a time.

The paste made, and the article completed, it must be dried or
“ tempered.” This is commenced in the open air, and if possible
out of the draught. If the draught cannot be excluded, the place
where the drying takes place is slightly heated, commencing at a
temperature from 60° to 70° Fahr. and keeping it up from twenty-
five to thirty days, then increasing it from 80° to 100° leaving
the article as long as possible, an active ventilation but the same
temperature being kept up. The article should remain in a tem-
perature of from 150° to 180° for at least six weeks. Bricks do
not generally require such care; but crucibles and retorts do.
Long experience has proved that there is a great economy in
conducting this process of tempering as slowly as possible, and that
it influences materially the refractory nature of the article.

It is found by actual experiment in crucible works that those
crucibles made from the same mixture, tempered during six to
eight months, last more than three times as long as those which
have been tempered only two; so that in general the older the
article before being burned the better. This desiccation, while
perhaps it is the most important part of the manufacture, is un-
doubtedly the one most neglected. A poor article, well tempered,
is often better than the best which bas been hastily dried. By
working rapidly and filling up cracks as they form, in a too rapidly
heated drying house, with a very liquid material, in order to secure
complete penetration, both time and money are lost. The material
never lasts nearly so long as when slowly dried. In the works at
Andenne, in Belgium, large pieces, like glasshouse pots, are kept
six months in the drying house before they are burned, and during
this time the greatest care is taken to prevent any air colder than
the drying room striking them. Leaving the door of the drying
furnace open has been known to crack the pieces, which had been
up to this point most carefully prepared and tempered.

In reviewing the cffects which the different elements con-
stituting refractory materials have, we find that the same element
often produces exactly contrary cffects, according to the proportion
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in which it is present, and that there is nothing anomalous in those
effects being so produced. Silica causes expansion when highly
heated ; so that the mould for shaping bricks must be smaller than
the brick is to be. Every mixture has its own particular rate of
expansion and contraction. This expansion not only takes place
when the bricks are made, but if, when used, they are submitted to
a higher degree of heat, they expand still further, and contract on
cooling to such an extent that at Dowlais the tie-rods of the steel
furnace are slackened when the furnace is getting into heat, and
are tightened again as it cools. At Crewe, this is made self-acting
by means of springs. At Creusot the furnace casing is made so
strong as to resist the pressure, so that the centre of the roof
arch must rise and fall, to allow for the expansion and contraction.
‘When neutral brick must be had for any reason, it is mixed with
just enough clay and burned brick to make it keep its form, and
such a brick is generally less fusible, and contains less silica.

Alumina alone, or with silica to the proportion of 30 to 38 per
cent., is very refractory,.but 3 per cent. of it in a silica brick makes
it fusible. In clay.6t pure silica, it tends to contract; and this
tendency is greater as the alumina is in greater quantity, and the
heat of manufactare has been low; but when it has been very
highly heated at frst, it undergoes little change. Though both
silica and aluming affect each other unfavourably, Bischoff found
that 4 of alumina to 1 of silica, or 2 to 1 or 1 to 1, only splintered
before the oxyhyilrogen blowpipes, making masses with a granular
fracture. One of alumina to 2 of silica was fusible like porcelain,
but somewhat gmnular. One of alumina to 4 of silica, and 1 of
alumina to 6 of tilica, melted like a thick enamel, which shows that
the acid silicates of alumina are much more fusible than the basic.
He also found tkat a mechanical mixture of alumina and silica was
less fusible thget the same amount in & natural combination, and
that in gene-ql silicates already formed are more fusible than a
mixture of their constituents. The general property of alumina,
when mixed with other substances, is to bind them together.
When combiyed with iron or other bases alone, it makes infusible
aluminates ; “Yut if silica is present, it fuses more or less easily. It
is generally -onsidered that the proportion of alumina in a brick
should be betwcen 10, 20, and 25 per cent.

)
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The alkalies in small quantities make a brick fusible. There
is a great difference of opinion among those who have studied this
subject with regard to this quality. Snelus states positively that
1 per cent. of alkalies in an otherwise good material makes it too
fusible to withstand high temperatures. Riley states, with equal
positiveness, that he has found brick containing 2:73 potash to
resist the greatest heat of a Siemens-Martin furnace. It is pro-
bable that both are right, and that in the special cases alluded to
the peculiarities were owing to the association of elements. In any
case, 8 material with a very small percentage of alkalies cannot
be used.

Lime alone is comparatively infusible, but in very small quan-
tities in & clay, it makes a brick fusible at very high temperatures.
One per cent. of it with silica makes the most fusible brick known.
Magnesia in small quantities makes the clay fusible. In very
large quantities it is very refractory. Alone, it is entirely in-
fusible.

Oxide of iron, in the absence of alkalies, may be present in
small quantities without seriously affecting & clay, unless it is to
be used for melting steel. If alkalies are present, any proportion
of iron would make such & clay worthless. If no silica at all is
present, 5 or 6 per cent. may not damage it.| In a silica brick,
2 to 8 per cent. of iron makes the brick worthless. If the iron
were always to remain in the state of a sesquioxyde, its compounds
would be more infusible, and a large percentpge would do no
injury ; but some of the sesquioxide is certain tlo become reduced
to protoxide in the presence of reducing gases, sjnd the result is a
very fusible compound in the presence of silica.

There is still a more deleterious and dangerous effect of iron in
fire-brick, because its effects are produced not at} a high heat, bat
at a comparatively low temperature. It is well §nown, since the
researches of Bell and others, that when a brick cjpntaining iron
is exposed, even at a low temperature, to gas cont: ining carbon,
and a part of this carbon is deposited near the iron, Jthis has often
not only caused the brick to lose its cokesion, but npay even burst
it, 80 as to throw down the iron walls of furnaces an i the lining of
flues. The presence of iron, therefore, is doubly to #be dreaded, its
presence at low temperatures being quite as deletericus as at high.
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As much as 1 per cent. of titanium has been found in some
clays. Little is known about it, but it acts like silica.

Bischoff found that 20 per cent. of magnesia, 28 of lime, 47-1
of potash, or 40 per cent. of iron had exactly the same effect of
making the clays fusible, and that when 4 and 2 of the different
bases were used, the relation was striking and in about the same
order. The quantity of other substances required to make a com-
pound fusible depends upon the quantity of silica present: the
more the silica, the less the quality.

Table XIX. indicates some of the physical qualities found in -
English fire-bricks.

The essential qualities of a good brick may be stated as
follows : —

Uniformity ;

Regularity of shape ;

Strength to resist the different pressures required under dif-
ferent circumstances ; and

Its reasonable price.

No material yet manufactured fulfils all these conditions, but
there seems to be no reason why, with proper investigation, a
material should not be made to fulfil most of them. The me-
tallurgical world is nearly agreed that the refractory material
of the future must be made artificially, and that it is hopeless to
look for it among natural products. No brick can come up to the
modern standard of infusibility which contains 5 per cent. of iron
or 3 per cent. of combined alkalies or alkaline earths; yet the
most infusible brick known—which in the roof of a Siemens-Martin
furnace will resist during 250 charges, and then wear out by
abrasion, when required to come in contact with metals, oxides,
and alkaliesin a spiegel cupola—will hardly stand twenty-five heats,
while an iron pipe coil, which is easily destroyed by heat, will last
almost indefinitely in the same cupola, provided only a sufficient
stream of water is run through it. If silica makes the best roof,
it makes the worst hearth. Alumina, when present in very large
quantities, even in the presence of a small amount of silica, makes
compounds which are almost infusible, so that it should be used
for the fire-bridges and hearths, and not put into the roof, where its
tendency to contract would endanger the structurc of the furnace.



FOUNDING AND CASTING.

220

Liv-1 | ¥OS‘61T | %3b‘28 | 261-9 . . " .. . . oJueay ¢ “
869-1 | #99‘68I | #¥1‘'9%F | 0¢3.9 €0F-0 | 0c8-9 | L¥F.O | 9%.3 | S3-% | ¥9.8 | ©° “ “
Le1-1 | ¥g‘66 FOL 81 ¥6I1.9 F0%-0 | 0669 | 985.9 | €9.3 86-F | €9-8 | °° " ¥ouq-aayg Uspy Py
122-1 | ¥86'601 | ¥¥6'C9 | ¢8¢-6 - - - . . © | 98wy “ “
CLa-T | ¥38'3LI | ¥¥L'S86 1386 0650 ¥16-9 ¥28-9 88-2 oF-% | €6.8 |0 & “ Y
893-1 | ¥FL'LOL | ¥%1°38 | ¥¥¥.6 009-0 | €56-9 | €¢¢.9 | og-2 | ¢3-¥ | %68 | 0 youq-aayg sewiq
1911 | ¥¥1°'T0T1 | ¥¥1‘09 3166 . . . . _ * . ofuiaay ¢ “
825-1 | ¥PLLOT | ¥¥6°C9 890-6 Ges.0 cL9.9 031.9 G¥-3 ! 0%-% ¢-8 | &t “ «“
00I-1 | #¥5'96 ¥¥8°LS | 95L-01 $99.0 | 2689 | SLI.9 | %F.3 | OF-F | 0c-8 | °° T MoUq-0ILg OpsmOMNIN
168-1 | ¥F1°631 | ¥¥I'IS 816 ¥ . . . - . . oJuioay ¢ “
LLG-T | ¥86°LST | <¥8'ST 683-¥% $0€-0 168-L 180-L | 28-3 0g-¥ 8.6 | ©* “ “
903-1 | T108‘801 | ¥¥6'8F Leg-¢ 33¥-0 196-L | 68S-L 163 88-% | ¢r.6¢ | 0 T " %ovmIng arowady
oS3-1 | THOFIT | ¥##6°CS | 0IS.6 . . . . . . o5uI0Ay «“
98I-1 | ¥¥S‘OIT | ¥P1‘CS 9¢¢-6 189-0 168-L ¥0%.L 3.3 GS-¥ ¥L.6 | 0 «“ “
886-1 | ¥¥e‘L31 | ¥¥8'IL ¥8L-8 619-0 L80-8 88¢.L 183 SF-¥ 03-6 | °° - Lwupio “
183-1 | #¥8‘S1T | ¥%#1°09 | 08I-6 6290 Le8.L 8LI-L | 9%-3 08-% 816 |« “ “
¥CI-1 | #¥6‘%01 | FF1°09 3+C. 01 ¥¢L-0 L08.-L ger-L ¥S.3 1%-¥ 0z6 | " 1 "oN ‘98puqmorg
._o.w._u.hw.. o ‘0q1 sq[ u20 sad wq sql sqL “uj uy uf
s.u_ur qenr) xm_wmxﬂ._wt W«mﬁm 'peqlosqy P &1q ,E.w..:_u___a_ i Bt Kyouvy
Paijabas saog wpvop | sBwusasag | M AP s oyt Jo 971

‘gE019d-a¥I{ 4O BAILITVAY) TVOIBAHI— XTX F14V],



FIRE-BRICKS. 221

Far too little attention has been given to the abrasive and
corrosive power of coal dust and ashes carried by the draught, in
gradually cutting and fluxing away the parts of the furnace ex-
posed to its action ; and many qualities of brick which are infusible
in the assay owe their small power of resistance to its effect. A
brick to be used when it i3 exposed to such action should always
be tested by placing it for a considerable time on the bridge of the
furnace where it is to be used ; for the destructive effects of this
almost unobserved agency seem to be greater than those of long-
continued heat. )

A good brick should not only resist high temperatures, but
sudden changes of temperature, without alteration of any kind, such
as crushing and splitting, and the like; and at a high temperature
should undergo the least possible change of form. Shrinking is
generally due to insufficient burning or a too small proportion of
oil material in the mixture, and generally occurs in aluminous
bricks. Its chief evil is in allowing the flame to penetrate the
open joints, and give the dust an opportunity to cut between the
bricks : for any cause which produces eddies in the flames, such as
hollows or projecting surfaces, is certain to effect the destruction
of that part of the furnace. Silicious bricks have, on the contrary,
a tendency to expand under the influence of heat. This is true to
such an extent, that in the steel furnaces where they are used, pro-
vision must be made for slackening the tie-rods when the fire is
being raised, and tightening them when it is being cooled.

The crushing weight of an ordinary fire-brick when cold is
from 600 to 1000 Ibs., but some of the best have been known to
resist as high as 3000 lbs. to the square inch. To ensure the
safety of the structure and the success of the process, it should not
only retain its power of resistance, but should not undergo any
change of form, or soften materially under long-continued heat,
and at the highest possible temperatures should support more than
double the strain required without alteration. In the walls of the
fireplaces, those bricks will be best which are dense and contain an
excess of silica. In the arch they should contain an excess of
alumina. In the arch they should be nearly pure silica, alumina,
or magnesia. Bricks in a roof give out from shrinkage, cracking,
or splintering; the latter takes place when silicate bricks are
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made of impure mixtures, usually from too much fine material and
bad burning, Bricks which are liable to splinter are generally
cross-grained and dense, with a small conchoidal fracture when
made from improper mixtures, and when, from improper burning,
they ring like a cracked vessel. All good bricks wear off evenly.

No matter how good a material may be, if its price be so high
as to prevent competition, it might as well not exist. Hence any
effort to farnish & good material should have for its aim pro-
duction at the least possible cost.

In discussing a refractory material in a given locality, there are
to be taken into account—

The clay and other materials to be had ;

The ore or metal to be treated ;

The fuel to be used ; and

The foreign substances in the gangue of the ore or metal.

‘Whether to use one clay or a calcined and raw clay, must be de-
termined by direct experiment, and then the size of the grains of
the mixture for the givén use must be determined, for each sub-
stance i8 more or less refractory according as it is coarse or fine.
Thus, in Belgium, a porous material with a large grain is used for
blast-furnace brick, but a fine material with a close grain for coke
furnaces. It must then be ascertained whether the mixture con-
tracts or expands, for clays expand between ., and 1th. The ways
in which the material tempers must then be carefully studied. It
is not sufficient only to have a good material, for almost as much
depends on the manipulation as upon the material itself. To
temper properly, the clay and the manufactured article should both
be dried gradually and uniformly. It must be fired evenly, and
the temperature slowly raised to the proper point. The brick or
other material once made, should be kept from dampness, as it is
porous, and likely to absorb moisture, and should be heated before
being used in the furnace, and put in at a high heat. If it isto be
put in blast at once, especially with silica bricks, the temperature
should be as high as the hand can bear. If the furnace is to be s
long time standing, this precaution is unnecessary; but in the two
last cases the furnace must be dried very carcfully and slowly. No
brick which has been dressed should ever have the dressed face ex-
posed to the flame.  Without the observation of these precautions,
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a very good brick may give a very bad result. It is too much the
habit of this age to get quick results, and this has led some blast
managers to boast that steam was issuing from the top of their
furnaces while cast iron wus being tapped from the bottom ; under
such management we never hear of long campaigns, but very
frequently hear of disasters.
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It is thus seen that a brick that is good for the cupola would
be worthless for the reverberatory furnace; that which answers
well for iron generally would be worthless for zinc; and a crucible
which is excellent for steel cannot be used for brass. It is the
way to realise progress, to analyse natural substances until we find
the right one, or make repeated trials, and depend upon them
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alone. All investigations go to show that we should look for
artificial and not for natural compounds, and that when we have
made a mixture that has stood well, we are then to examine and
analyse it in order to reproduce it. Failure in this, as in many
other cases, is very often owing to wrong application of good
materials rather than fault in the materials themselves.

To assist founders and others in ordering their fire-bricks, the
various manufacturers bave adopted a variety of standard shapes
and sizes. Those usually required in ordinary foundry practice
are included in the accompanying illustrations (Fig. 68), giving
dimensions and name of each type shown. In order to reduce the
waste, each of the types or shapes of fire-brick illustrated, is made
in from three to four different sizes, so that, for instance, when
patching the lining of a cupola, different thicknesses of scones are
required and are therefore kept in stock ; otherwise the laborious
and wasteful method of splitting has to be adopted.
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CHAPTER IX.

CRUCIBLES.

CructBLEs are vessels nsed for the fusion of certain metals, for
assaying, and generally for many other chemical purposes in which
intense heat is employed.

The use of the crucible appears to have originated with the old
alchemists, who were in the habit of marking them with the sign
of the croes, before commencing their operations ; whence the deri-
vation of the name. The principal requisites of a good crucible
are, that it should be capable of enduring the strongest heat without
becoming soft or losing much of its substance ; that it should not
crack on being exposed to sudden alternations of temperature ; that
it should withstand the corrosive effect of the substance fused in it ;
and, lastly, that it should be sufficiently strong to support the
weight of the molten metal when lifted from the furnace.

Crucibles which become tender at a high temperature are then
liable to break or crumble when grasped with the tongs, and are
very dangerous.

Clay crucibles are made of fire-clay, mixed with silica, burnt
clay, or other infusible matter.

In order to counteract the tendency clay has to shrinking at
high temperatures, the other substances are mixed with it. The
proportion of burnt to raw clay may be varied, but two-thirds raw
clay to one-third burnt clay is a very common proportion. It is
necessary that there should be a sufficient quantity of raw clay to
produce the proper degree of plasticity for working.

The unburnt fire-clay must be ground, as must also the burnt
clay, the latter generally consisting of old crucibles or glass pots,
which have been exposed to high temperatures. 'The surfuces of
these old pots must be cleaned from all extraneous matter, and
their vitrified coating chipped off.

Q
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Clays which contain a maximum quantity of pure silica are
best adapted for the most infusible crucibles, if in addition they are
comparatively free from such injurious admixtures a8 lime or iron ;
and the infusible properties can be strengthened by additions of
burnt clay, such as we have indicated. or of powdered coke and
plumbago.

The celebrated Berlin crucibles are made from 8 parts fire-
clay, 4 parts black-lead, 5 parts powdered coke, 3 parts old ground
crucibles. Another mixture is 2 parts fire-clay, 1 part ground
gas-coke.

The materials should be as free from lime as possible, well
kneaded together, aud slowly dried in a kiln.

When fire-clay is not easily obtainable, as a substitute for it
steep common clay in hot hydrochloric acid, wash it well with hot
water, and dry it.

The crucibles in most common use in Birmingham and its
neighbourhood, as well as in Sheffield, are made of a fire-clay found
near Stourbridge, which is generally mixed with some other sub-
stance, such as powdered coke, in order to lessen its tendency to
contract when strongly heated. The following are about the
average proportions: 4 parts fire-clay, 2 burnt clay cement,
1 ground coke, 1 ground pipe-clay. These Stourbridge clay
crucibles, or casting pots, are only carefully dried, but not burned
until required for use, when they are put into the melting furnace
first with the mouth downward, and when red-hot are taken out,
and put in again with the mouth upward.

The melting pots or crucibles employed by Mushet in the
manufacture of cast stecl, or homogeneous metal, were made by
mixing kaolin or china clay with black or grey fire-clay from the
coal mcasures, and pulverised old pots, the clays being passed
through riddles having G4 to 100 meshes to the square inch. The
proportions used by Mushet are & parts by measure fire-clay,
5 parts kaolin, 1 part old pot, and 1} parts of coke-dust; the
ingredients being well mixed, and then kneaded, tempered, and
moulded in the usual way.

The material from which the most refractory crucibles are now
made is plumbago, or black-lead. This is one of the various forms
assumed by carbon, and in its pure state is nearly identical in
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composition with the diamond, although so very different in its
structure and physical character. Until a few years ago the use
of black-lead or plumbago pots was exclusively confined to melters
of precious metals, but they are now employed for melting all de-
scriptions of metal ; and large numbers of them are used by brass-
founders and others. "

In making the crucibles, the materials, consisting of about one
part fire-clay to two parts plumbago, are first ground to powder
and sifted, after which they are mixed, the clay being added to
give a sufficient degree of coherence and plasticity.

The advantage claimed for plumbago crucibles is that they are
durable, and that they effect a great saving of time, labour, and
fuel ; but on the other hand, an objection to black-lead pots, inde-
pendent of their cost, is that they are unsafe for the workmen. A
clay pot, at steel-melting heat, is as tough almost as leather—it
may be beaten flat, but cannot be broken; while a black-lead pot
remains brittle at any heat, and the puller out or the teamer can
never feel quite sure, in handling a partly worn-out pot, that it
may not be crushed under the pinch of the tongs.

Krupp, at bis famous Eseen factory, uses plumbago for his
steel crucibles. Each crucible is only used for one melting, after
which it is ground up, and used over again for the manufacture of
new crucibles, with the admixture of a certain proportion of fresh
plumbago.

When it is necessary to protect & crucible from the corrosive
action of the material to be melted in it, it can be lined with
charcoal powder, or hlack-lead. In a small crucible, the powder
may be made into a paste with a little gum-water or treacle, and
rammed into the crucible, the central cavity being afterwards
shaped by a small rammer of the desired form.

For larger crucibles 2 mixture of anthracite powder, or powder
of gas-retort carbon, or gas-tar, may be employed.

To test crucibles as to power to resist corrosion, protoxide of
lead, or a mixture of protoxide of lead and dioxide of copper, is
melted in the crucible. If a clay crucible is not permeated or
corroded by this mixture to a sensible extent after a short time,
it may be considered capable of resisting all ordinary corrosions in
practice.  As a rule, clay crucibles resist permeation and corrosion

Q 2
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in the proportion of the fineness and regularity of grain, but their
tendency to crack is increased in the same rate.

Cornish crucibles are principally used for assaying copper;
they are made of a clay found in some parts of Cornwall, and the
smaller sizes are capable of resisting sudden alternations of tem-
perature—a quality which is probably due to the large proportion
of silica mixed with the clay; but they are rapidly corroded by
melted oxide of lead.

Hessian crucibles were formerly employed to 8 much greater
extent in metallurgical operations than they are at present. They
are made principally from a clay found at Gross-Almerode, and in
their composition resemble very closely the Cornish crucibles.
The form is triangular, and they are generally packed in nests of
six, the smaller sizes fitting into the larger. These crucibles are
tolerably lasting at moderate temperatures, but are apt to fuse
when exposed to very great heat.

Several kinds of French crucibles are manufactured, some of
which are of very excellent quality, especially those of Beaufay,
called the creusets de Paris, and those of Deyeux, termed creusets
de Saveignies. Both kinds, however, contain a large percentage of
oxide of iron, which renders them objectionable for some purposes.

London cruciblesare of a reddish-brown tint, very close grained,
and capable of resisting the corrosive action of oxide of lead, but
liable to crack when suddenly heated. They are made of various
gizes, from 2} inches up to 8% inches in height.

For special metallurgical or chemical purposes, crucibles are
sometimes composed of platinum, lime, bone-dust, magnesia, pure
carbon, and other materials.

Crucibles are made of various forms and sizes, according to the
kind of work for which they are intended ; those used for assaying
are scarcely larger than a lady’s thimble, while others made for
zincing shot will hold as much as 800 1bs. of molten zinc. Some
are nearly cylindrical, others triangular, and others skittle-shaped.

Fig. 69 shows the pot and cover employed in melting steel,
while Flig. 70 is a common form of crucible for brass and the like.
Small crucibles are generally kiln-burnt before being used ; larger
crucibles are usually dried gradually in hot stoves.

Where the crucibles (or pots, as they are familiarly termed) are
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made of fire-clay and upon the works, the pot flask, or mould, and
plug are commonly of the form as Fig. 72. The pot mould is of
cast iron, with two ears cast upon it to lift it by. Its inside is the
shape of the outside of the pots ; it is turned smooth, and is open
at the bottom as well as the top. There is a loose bottom made to
fit, but not so small as to pass through; this has a hole in the
centre, three-quarters of an'inch in diameter. When in use it
stands upon a low post firmly fixed in the ground, which also has
a hole 5 or 6 inches deep in its centre. The plug which forms
the inside of the pot is of lignum vite ; it has an iron centre which
projects through it about 5 inches, corresponding in size with the
hole at the bottom of the mould.

The clay for a steel pot weighs about 24 Ibs. ; it is moulded
upon a strong bench into a short cylinder, and the inside of the
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mould having been well oiled, the clay is dropped into it, and the
plug, also oiled, forced into the clay, while the projection finds the
hole in the loose bottom in the centre of the mould, which guides
the plug. The plug is driven down 2 or 3 inches by the blows of
a heavy mallet on the top of the iron head ; it is then taken out to
be oiled again by putting a piece of round iron through the hole
in the iron head to lift by, giving it at the same time a screwing
motion. It is then driven by the mallet, while the clay, rising up
between the plug and the mould, reaches the top. The clay is cut
even with the top of the mould by passing the knife round be-
tween it and the flask or mould several times, holding it inclined
towards its centre. The mould is now taken and set with its loose
bottom upon a small post fixed in the floor, and the mould gently
allowed to rest upon it. This pushes up the bottom with the pot
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upon it ; and the hole being filled with a bit of clay, the pot is
finished. When the pots are sufficiently hard to bear handling,
they are placed to dry upon rows of shelves against the flues in the
furnace, where they remain from ten to fourteen days, and before
use they are annealed by being placed from seventeen to twenty
hours in a special annealing furnace, and they are taken directly
from this and placed for use hot into the melting furnace.

Crucibles are frequently made on an ordinary potter’s wheel,
and special machines are also employed for the eame purpose. One
of these, T. V. Morgan’s machine for making either large or small
crucibles, is illustrated by Fig. 71. The peculiar mechanical
arrangement consists in fitting the former, or forming tool em-
ployed in the apparatus, so that in addition to being capable of
an up-and-down movement, the former is free to be moved and
adjusted horizontally as the crucible is being moulded, and accord-
ing to the required size or thickness of the crucible.

When a crucible is to be made the frame is pulled down to
cause the former to enter the plastic material, which is placed in a
mould, on a revolving lathe or jigger, as usual, and when the
former reaches the bottom of its course, a catch on one of the
uprights secures the frame in position. The threaded rod is then
turned, to cause the former to move horizontally, and spread the
plastic material against the side of the mould. Finally, the back
end of a lever carried on the top of the frame, and free to move
backward by means of slot or otherwise, is inserted into a hole
formed for the purpose, and its forward end is pressed down by hand,
go that the lever bears forcibly upon the frame, and prevents all
vibration or movement of the former. When the crucible is
finished, the handle is turned to bring the former to the centre of
the crucible, the lever is moved forward out of its hole, the catch
released, and the frame raised up by a balance-weight. The
operation is then repeated for the next crucible, and so on.

In Fig. 71, to the left is a front elevation, and to the right is
a section through the line A A of Morgan’s apparatus. a is
the former, or forming tool; it is fitted to a block b, which is,
as before stated, free to be moved horizontally in a frame o
by means of a screw d, taking into a corresponding thread in a
nut in the block b; the ends of the screw d work in fixed nuts
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on the frame ¢, and the right-hand end is provided with a handle
¢, which is turned according as the former a and block b are re-
quired to be moved. The frame ¢ is free to move up and down in
slots A, formed in two uprights, and its weight is counterbalanced
by weights k k, on the end of chains or cords passed over pulleys
and connected to the frame. = is a catch on the upright to secure
the frame ¢ in position when the former a reaches its lowest position.

Fie. 71,

0 is the mould into which the plastic material is fed ; this mould is
carried on an ordinary lathe or jigger p, to which rotary metion is
imparted as usual. When the frawme ¢ is caught by the catch n,
and the mould is caused to rotaic, the screw d is turned by its
handle g, so as to cause the former « to move Lorizontally, and
spread the plastic material against the side of the mould, and when
it Las been moved to the required distance, which is regulated by a
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scale on the frame, the back end of a lever ¢ carried on the top of
the frame and free to move backward by means of & slot is in-
serted into a hole formed in an upright, and its' forward end is
then pressed down by the attendant so that this lever bears forcibly
upon the frame ¢ and prevents vibration or movement of the for-
mer. When the crucible is finished, the handle g is turned to
bring the former a to the centre of the crucible, the lever ¢ is
moved forward out of its hole, the catch n is released, the frame
is raised up, and the mould is removed in the ordinary manner;
all being then ready for the next operation. u is a horizontal bar

)

Fia, 72.

under the platform and hinged at w, while its front end extends
to the front of the apparatus. @ is a block on the bar u, and y is
& collar on the lathe-shaft. When it is required to stop the revo-
lution of the lathe, the attendant moves the bar u on its hinge w,
go a8 to bring the block « against the collar y. zis a horizontal
bar or guide for the bar u.

In the present day the consumption of crucibles is very large;
they are extensively employed by the brass-founder, the gold and
silver refiner, the manufacturers of cast steel and gun-metal, as well
agin the melting of zinc and copper, in the various operations of the
analytical chemist, assayer, and in the production of the coinage of
different countries.
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If the blast is too “soft” or feeble, much of the fuel will
be burnt without doing its duty, and if the pressure was allowed to
fall below a certain amount the furnace would consume an almost
unlimited amount of fuel, without at any part attaining the melting
point of cast iron.

The quantity of blast necessary for any given cupola depends
upon so many varying and disturbing elements that experience and
judgment must be mainly relied upon to estimate it. The effects of
the blast are by no means difficult to observe: if there be too small
a supply, imperfect combustion will result; if the supply be too
large the consumption of fuel will be increased, and much of its
heat will be wasted, being carried away too rapidly through the
cupola.

Well-made blast engines with double cylinders and double-
acting blast cylinders give much more economical results as to
useful effect derived from a given power, than can be obtained with
the best possible fan.

General Morin made some experiments on the duties of fans,
and in one instance with blast of low pressure driven through long
passages he found that the useful effect of the fan was less than
0°07 of the steam power required to drive it.

The quality of the iron is much influenced by the quantity and
intensity of the blast; if these or either of them are deficient, an
inferior pig iron may give off sulphurous fumes, run thick and pasty,
and make bad or inferior castings, whilst the same iron with more
favourable conditions as to blast will probably lose much of its
sulphur in the melting, and when tapped will turn out tolerally
workable iron.

Any description of apparatus which will give the requisite
volume and pressure of blast with regularity can be adopted without
in any way affecting the quality of the iron; but there are
numerous other considerations to be studied asgto the selection of
the apparatus, such as first cost, ceonomy in working, power

«quxred to drive, compared with duty in the shape of uscful blast
“d, convenience for position, and safety.

¢ Tromb, or waterfall blast machine, such as is used in

nd Gernuny, Is an eflicient blowing machine, but it is only

u there 1s a regular and abundant fow of waler, with a
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considerable fall. This source of power is not often found in Eng-
land, but in other countries it has been largely applied, although
the blast obtained by its use is generally completely saturated with
moisture.

The tromb is a cheap and simple apparatus to construct, and
when the water supply is satifactory will give a good pressure of
blast. It is therefore well adapted for use abroad or in the
Colonies, where machinery is costly, as the whole apparatus can be
made of wood, consisting a8 it does merely of a vertical tube, and
a large separator below in the form of an inverted tub.

Blowing Engines are now made by many eminent engineering
firms, and all that is necessary for a proper estimate is information
as to the quantity of air required per minute, and the usual working
Pressure.

The old-fashioned single blast cylinder is almost superseded, on
account of the difficulty experienced in obtaining a‘regular blast,
although this failing may be remedied by having a regulator or
reservoir of sufficient size provided, with a loaded piston.

Horizontal cylinders, each double-acting, and arranged in pairs,
are frequently used for the Dessemer process, and give a powerful
blast. If well proportioned they are economical, and work quietly
and steadily.

Three single-acting cylinders, with a fourth cylinder acting as a
regulator, also give a uniform and powerful blast, but are more
expensive in first cost.

Blowing engines have this great advantage over fans, that the
pressure and volume of blast is much more under control; but in
nearly every case where they are employed, it is necessary to have
a “regulator,” so as to obtain a uniform flow of blast.

It is advisable to have two complete sets of horizontal engines
and blast cylinders, discharging into a large dry regulator, and
supplied with steam from boilers of such strength and capacity
as to be able to give ample high-pressure steam for any work the
engine can ever be called on to perform.

Such plant is necessarily somewhat costly, and in small works,
or in new works where the capital is limited, fans, or blowers,
will be generally preferred, as being much less expensive than
blowing engines.
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A and B, Fig. 73, represent two forms of common fans. In
general they consist of a central spindle, upon which are hung
from four to six arms, meeting on an eye at the centre, through
which the axle is passed, and by which they are fixed to the axle.
Upon each of these arms a blade is generally fixed, by rivets or
bolts ; the assemblage of blades constitute the propelling agents.
To render them effectual they are encased in a round box, adapted
to them, having a central opening each side, for the admission of
air, and an opening in the circumference for the expulsion of air,
with a short passage in continuation, to connect the air-passages

Commonw

leading to the furnace. This case should be strong and heavy.
By the rapid revolution of the blades upon this axle, a strong
current sets in at the centre, and is propelled along the air-passages
to the cupola. The journals of the axles should be long, with
the view of dispersing the great amount of friction to which they
are subjected, by running in their bearings at such a high velocity
as is usually communicated to the axle. Unless these parts be
very well fitted, and the framework of the arms and blades per-
fectly balanced and firmly fixed upon the axle, the greatest diffi-
culty is experienced in preventing the firing of the rubbing parts.
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It is easy to see that if there be a very slight want of equilibrium
in the machine, or, in other words, if the centre of gravity of the
moving parts does not lie in the axis of revolution, there will be
an amount of centrifugal force created during revolution propor-
tional to the eccentricity, which must be borne by the axle.
Lloyd’s Fan is shown in vertical section and plan at A and B,
Fig. 74. The outer case is cast in four parts, the two upper of
which are bolted permanently together, and also the two lower.
The horizontal joint through the centre admits of access to the
internal parts without disturbing the foundations. S8 are the
bearings, and T the driving pulley. U is the internal revolving
case, called the impeller, having sheet-iron discs V'V fixed on the
side edges of the blades. X X are turned brass rings fixed on the

FiG. 74.

discs, and fitted up against cast-iron rings bolted on the outer case,
forming the centre opening through which the air euters the fan.
Y is the discharge pipe, and Z Z the feet on which the machine
stands, and by which it is bolted down to the foundations.

The difference between this fan and those of ordinary construc-
tion consists in the form of the internal part U, which may be
described as a revolving case, having six curved arms cast in one
piece; on these are screwed curved sheet-iron blades, of the form
shown at A, Fiz. 74, on the outer edge of which are fastened the
sheet-iron discs V V, previously mentioned. The total arca of the
openings at the circumference, as also the total sectional arca of
the internal passages at any distance from the centre, is equal to
the areas of the two central openings in the sides of the outer case.
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C. Schiele’s Fan has been very largely employed, and possesses
a good many admirable features. It is simple in construction, re-
quires very little to drive it, gives a good volume of draught rela-
tively to its size, and is nearly noiseless in working. Keferring
to Fig. 75, it will be seen that B is an edge view, partly in
section, and A is a side view with one side of the casing removed
to show the interior, with the revolving portion of the fan in its
position.

A i8 a disc, on the periphery of which blades of the form repre-
sented in the figures are mounted. The blades are supported on
their backs by means of ribs F, which, with the blades A, spring
from the periphery of the disc A. This dise, with the blades and
their supporting brackets, may be constructed even of the largest

SCHIELE

x v

Fia. 75.

dimensions in one solid piece, either by casting or forging. B is
the spindle, on which the disc A is mounted ; it runs in the bear-
ings C ; the spindle being of wronght iron, with cast-iron bushes;
these bearings C ave cast with and form part of the casing D,
and on the top of each of them is an oil ecup X, to hold oil to
lubricate the spindle. The radius of the dise A is larger than that
of the central openings I in the casings D for the admission of air.
The casing D is formed of two halves similarly shaped, but so as
to form right and left sides; each of these halves is of a curvilinear
shape, curving towards the inside, and in the centre having the
entrance opcnings K. The blades F are constructed of such a
form, and in such proportion to the casing, that they gradually
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widen from the periphery of the disc to a point beyond the central
openings in the casing. From this point they decrease in width
as the casing narrows, and follow the contour of the casing; the
tips of blades I terminating a short distance from the narrowest
portion of the casing. Beyond the tips of the blades, the casing
slightly contracts for a short distance, so that the air, of a slower
speed, and which has gone beyond the blades F, is prevented from
returning, and so impinging upon them.

The following Table XX. gives a few particulars of the dimen-
sions and work of these fans, as stated by the makers :—

TapLe XX.—PARTICULARS OF SCHIELE'S FANS.

eter of Tons Melts Diameter o
Rgt?l!\!'lln';rl-‘nrn. por i FPulleys. Dl::lhnrge.f
inches, inches. inches.
12 13 3 6
16 1% 3 8
20 2% 4 10
30 5 6 14
40 10 9 18
50 20 12 24

At A, Fig. .76, is a cross section of Sturtevant’s fan, and at
B is a side view, with the casing removed, of a smaller fan of the
same construction, but differently mounted. It will be seen that
twelve vanes are rigidly supported by a similar number of spokes,
radiating from an axis, and having conical annular discs mounted
on the same axis, the fan being driven by two belts to prevent
tendency to wobbling. The air enters between the spokes around
the axis, and is driven forcibly by the curved floats which span the
space between the annular discs, being diecharged into the peri-
.pheral chamber, whence it reaclies the horizontal discharge pipe
shown in the lower part at B, Fig. 76. Within each of the band
pulleys is an oil collector H, which intercepts superfluous oil, and
conducts it into the oil chamber 7, whence it may be drawn by a
faucet. The shaft S is supported in tubular bearings, sustained in
brackets by means of ball joints, whereby the bearings are able
to accommodate themselves to the shaft while in revolution. The
oilers for the shaft are near the end, and have dripping wicks
which feed the lubricant in regular quantity ; the oil collectors H
intercepting any superfluity as already stated. 'The set screws nn
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afford means for adjusting the shaft lengthwise, so as to bring the
wheel to its proper position in the case. Sturtevant’s fan com-
bines many of the features of both Lloyd's and Schiele’s machines,

A

Fi1Gs. 76 and 77.

its characteristic feature being the very long bearings given to
the shaft ; and although somewhat complicated in construction, it
has been greatly used and deservedly popular in the United States.

Fig. 78is a half-sectional plan of H. Aland’s fan. It is of very
strong and substantial construction; the vanes are so arranged
that they act in effect as a double fan.

The spindles are made of steel, and work in long bearings. The
discs also are made of the best charcoal iron. The tremor of the
strap axis is confined to one casting, by the bearing standards
being cast in one of the lower parts of the fan casing. The casing
is also divided horizontally, so that the upper portion of the case
may be removed, to facilitate the operation of cleaning, without
disturbing the fuundations.

In fan machinery, simple as it is, we have observed that in
some instauces monthly and even weekly repairs have been in-
curred, in consequence of the want of exact balance among the
parts of the fan upon its axle. With careful management in the
first construction, this source of annoyance may be entirely re-
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moved. Another great fault consists of injudicious methods * of
bringing up the speed ” with too great rapidity, with a view to
which it was certainly necessary to make use of as few intermediate
shafts as possible, which of course requires that large pulleys shall
drive proportionally smaller pulleys than if the rate of the reduction
of speed were more moderate. On the other hand, the experience
of many founders proves that by moderately attaining the speed by
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the use of a greater number of intermediate belt pulleys, repairs of
any importance are not incurred for months and even years. The
great evil of too rapidly raising the speed is the aptitude of the
belt to slip upon the drums; for when slipping occurs, especially
among the slower parts of the motion, the belt is subjected to
sudden and violet strains, caused by its unequal hold upon the
rim of the drum. The usual remedy for this state of things is to
apply rosin and pitch to the acting surface of the belt to give it
a hold. But the best plan is to employ spur gear in the slower
parts of the motion, and broad belts and pulleys of conveniently
large diameters for the rest. -

A properly constructed fan will work for many years without

B
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any perceptible wear, but in working they frequently make an
unpleasant noise, especially when driven at high speeds.

The position of the fan in its case is preferably eccentric. The
continually-increasing winding passage between the tips of the
vanes and the chest serves to receive the air from every point of
the circumference of the fan, and produces a general accumulating
stream of air to the exit pipe. The particles of air having passed
the inlet opening, and entering on the heel of the vane, would
retain the same circular path, were it not for the centrifugal force
of the air (due to its weight and velocity) impelling them forward
towards the tips of the vanes; and this continued action is going
on, particle following particle, till they are ultimately thrown
agamst the fan chest, and are impelled forward to the exit pipe.
It is by this centrifugal action that the air becomes unpelled and
accumulated into one general stream. But there is a certain
velocity of the tips of the vanes which best suits this action.

It has been found that the best results are obtained when the
linear velocity of the tips of the vanes is nearly the same as the
velocity which a body will acquire in falling vertically a distance
equal to the height of a vertical homogeneous column of air, the
weight of which, one square inch in section, is the same in effect a8
the blast pressure per square inch. Thus, by fixing the density or
pressure of blast required, the linear velocity at the tips of the
vanes is readily obtained by the law pertaining to the velocities
acquired by falling bodies. These results may be verified by
closing the discharge opening, and running the impeller disc at &
speed sufficient to maintain the desired pressure, when it will be
found that the tips of the vanes must move with nine-tenths of the
velocity (which is the most effective speed) acquired by a body in
falling the height of a homogeneous column of air, the density of
which is equivalent to the density or pressure of blast required.

The pressure of the air in the pipe and chest, by the continuous
rapid motion of the vanes, may be measured by a water or mer-
curial gauge attached to the blast chest.

Water is 827 times heavier than air, and mercury is 135
times heavier than water, or 11,164 times heavier than air; 80
that a column of mercury 1 inch in height would balance a column
of air 11,164 inches, or 9303 feet in height. A column of



PROPORTIONS AND VELOCITY FOR OOMMON FANS. 243

mercury of 30 inches is equal to a pressure of 15 lbe. on a square
inch; a column of mercury of 1 inch gives a pressure of § Ib. per
square inch. A column of mercury one-eighth of an inch in height
gives a pressure of 1 ounce per square inch. Hence the height in
inches of a column of mercury, equivalent to any given pressure
or density is found by dividing the density in ounces per square
inch by 8.

The velocity of the air and the diameter of the fan being given,
the rule to find the centrifugal force is:—Divide the velocity in
feet per second by 4°01, and again divide the square of the quotient
by the diameter of the fan in feet. This last quotient multiplied
by 1-209 (the weight in ounces of a cabic foot of air at 60° Fahr.)
i8 equal to the centrifugal force in ounces per square foot, which,
divided by 144, is equal to the density of the air in ounces per
square inch.

The degree of eccentricity of the fan in the casing that has
been found to work well, is one-tenth of the diameter of the fan ;
that is, the space between the fan and_the casing should increase
from three-eighths of an inch at the top of the outlet to the delivery
pipe to one-tenth of the diameter of the fan at the point perpen-
dicularly under the centre.

The main pipe from the casing may be not less than 1} times
the area of the delivery pipe when under 100 feet in length ; for
greater lengths it should be 1} times the area of the delivery pipe.

From experiments made to establish the best proportions of
inlet openings in the sides of the fan chest, and the suitable corre-
sponding lengths of vanes, it was found that by impeding the
free admission of air to the vanes a loss of power was occasioned.
1t was also found that the longer vane has a preponderating advan-
tage over the shorter vane, in condensing air to the greatest density
with the least proportion of power.

It will, therefere, be seen that the three most essential points
in the economy of the fan, namely, the quantity and density of the
air and the expenditure of power, depend on the proportion of the
length and width of the vanes, and the diameter of the inlet
openings.

The width of the vanes, and their length, should be one-fourth
of the diameter of the fan, and the diamcter of the inlet open-

B 2
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ing in the sides of the fan casing should be one-hslf of the fan.
The Table XXI. gives the approximate dimensions of fans for
obtaining the best results, varying from 3 to 6 feet in diameter.
The first six are the proportions for densities ranging from 3 to 6
ounces per square inch, the second six are for higher densities :—

TasLe XXI.—DIMENSIONS OF COMMON FANS,

Dismeter of Fan. Width of Vane. Length of Vane. D"mo‘:e“n&;?‘“
ft. in ft. in, ft. in. ft. in.
3 0 0 9 0 9 1 6
3 86 0 104 0 10} 1 9
4 0 1 0 1 0 2 0
4 6 1 13 1 13 2 3
5 0 1 38 1 8 2 6
6 0 1 6 1 6 3 0
8 o 0 7 1 0 1 0
3 6 0 8} 1 13 1 3
4 0 0 9 1 3} 1 6
4 6 0 10} 1 44 1 9
5 0 1 0 1 6 2 0
6 0 1 2 1 10 2 4

Table XXII. gives particulars of some experiments made with
a large fan used to blow the cupolss, &c., at the London Works,
Birmingham. Although in the earlier experiments only 36 to 50
per cent. of useful effect was obtained, eventually as muchas 7516
was obtained. No allowance was made for obstruction in the fire,
but the area of the tuyeres was taken, having taper pipes leading
to them, and the velocity of the air, multiplied by the pressure, was
taken to represent useful effect in horse-power.

A considerable difference in the amount of usetul effect was
sometimes produced by the same power, but this arose either from
a difference in the area of opening, or in the pressure. When the
pressure was great the result was generally affected, it being easier
to get a moderate pressure with a fan than a high one. In all cases
indicator figures were taken in order to arrive at the power employed,
and figures were also taken separately without the fan, in order to
get at the friction of the engine and shafting.
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The fan case was an arithmetical spiral, so that the blades
delivered the air regularly, and the following rules were deduced
from the experiments :—

That the fan case shonld be an arithmetical spiral to the extent
of the depth of the blade at least.

The diameter of the tips of the blades should be about double
the diameter of the hole in the centre ; the width to be about two-
thirds of the radius of the tips of the blades. The velocity of the
tips of the blades should be rather more than the velocity due to
the air at the pressure required, say one-eighth more velocity.

In some cases, two fans mounted on one shaft would be more
useful than one wide one, as in such an arrangement twice the area
of inlet opening is obtained as compared with a single wide fan;
such an arrangement may be adopted where occasionally balf the
full quantity of air is required, as one of them may be put out of
gear, thus saving power.

If it is considered necessary to provide means to vary the area
of admission to the delivery pipe, this can be effected by arranging
a segmental slide to the circular fan casing, as shown in A and B,
Fig. 73, when by means of a ratchet and pawl the depth of the
opening into the delivery pipe can be varied, and the power re-
quired to drive the fan diminished. The air-shaft may be built
of brickwork, in which case the inside should be cylindrical in
section, and the surface covered with a smooth coat of plaster or
cement, but iron pipes with well-made joints are by far the best.

The inlet opening on the casting of the fan should be provided
with a bell-shaped lip or taper flange all round, extending. several
inches outwards ; this improvement adds to the useful effect of the
fan, and tends to reduce noise.

If a large volume of blast is required at a moderate speed, this
can best be obtained by employing a fan of large diameter, driven
at a moderate speed ; but where a high pressure, or great velocity,
of blast is desired, it is necessary to drive the fan rapidly.

It is not advisable to construct a fan larger than 8 feet in
diameter, and for most ordinary purposes one of about 5 feet
diameter across the vanes is to be preferred.

A silent fan can only be obtained by having vanes which do
not fill the casing, placing these vanes eccentrically in the casing,
and forming the casing in a true spiral.
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Provide ample apertures for the entrance and exit of the air;
avoid sharp turns or projections in the casings, and in designing
and fitting up the fan all the moving parts must be securely fixed
in position, so that they will be able to withstand the great centri-
fugal force brought on them when driven at a high speed; as, if
any part becomes detached during working, great damage and
probable loss of life will ensue.

Fans, especially when large and driven at a high speed, should
be walled in all round, and every precaution adopted to avoid loss
of life, in case of any accident occurring to the fan whilst it
i8 in motion. The castings for fans should be made massive, as
tending to reduce the vibration felt when fans are worked at a

high speed.
Notes ox THE CoNSTRUCTION oF FANS.
Good Proportions.

Inlet = } diameter of fan.
Blades = } diameter of fan each way.
Outlet = area of blades.
The area of tuyeres is best when about
=to area of blades
density of blast, ozs. per sq. in.
and should not exceed twice this area.

VEewoorTy oF CIRCUMFERENCE FOR DIFFERENT DENSITIES.
Velocity of Circumference. Density of Blast.

Feet per Second. Ozs. per Inch.
170 . e 3
180 4
195 5
205 6
215 7

250 to 300 feet per second is a proper speed for cupolas.
To find the Horse-power required for a Fan.

D = density of blast in ounces per inch.
A = area of discharge at tuyeres in square inches.
V = velocity of circumference in feet per second.
v xDx A
o =~ = horse-power required. '
963
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.~

To find the Density to be attained with a given Fan.
d = diameter of fan in feet.
(V 3
7)

o0xd= density of blast in ounces per inch.

TasLe XXIIL
Vloty ot Oamteecs. " Py of S
150 Twice area of bilndes 1
150 Equal , 2
150 ? S » 8
170 . " 4
200 t , 4
200 . ” 6
220 . " 6

To find the Quantity of Air, of a given Density,
delivered by a Fan.
TaBLE XXIV.—Total Area Nozzles in Square Feet X Velocity in Feet per

Minute, corresponding to Density (ses Table) = Air delivered in Cubic
Feet per Minute.

Density. Velocity. Density. Velocity.
O1s. per Square Inch. Feet per Minute. Lbe. per Square Inch. Feet per Minute.

1 5,000 1 20,000

2 7,000 1% 24,500

3 8,600 2 28,300

4 10,000 24 31,600

5 11,000 3 84,640

6 12,250 4 40,000

7 13,200 6 49,000

8 14,150 8 56,600

9 15,000 10 63,200

10 15,800 12 69,280
11 16,500 15 78,000
12 17,300 20 89,400
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Fans are less expensive in first cost and repairs, for a given
duty, than blowing engines; but when high pressures are re-
quired, they take somewhat more power to drive them. In other
words, the fan is not an economical machine, in the sense of useful
effect for a certain power ; and its useful effect or * duty ” decreases
rapidly as the speed is increased for the purpose of increasing the
pressure of blast. The power for driving a fan or fans is generally
best given by a small high-pressure engine, communicated by a
belt.

O 1. ceew 1400 1909 80O ESGL aw
Beversvions or Buswes Pua Nyswre.

F1e. 79.

Fig. 79 shows a vertical longitudinal section of & new type of
fan,* introduced by Messrs. Hodges and Co. of London. The
merits of this new type as compared with the ordinary fan, as
shown by the accompanying diagram, are due to the novel com-
bination of five different fans arranged in pairs. It will be seen,
from the direction of arrows, that the air in the first place is drawn
as usual through the central openings at each side, and by means
of the two outer fans A A is discharged into the outer space at EE,

* Illustrated in Engineering, June 19, 1896,
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whence it is directed by radial guides to the central openings DD of
the second two fans B B (smaller than fans A A), which in turn dis-
charge the air at E' E', and is again directed as before to the central
openings D' D' of the two central fans, these ultimately discharging
the air at F' F, leading to the blast main. By this arrangement it
will be seen that each successive pair of fans receives the air under
a pressure due to the previous fan or fans, so that the total dif-
ference of pressure from the time the air enters at A until it is
discharged at F is obtained without an excessive difference taking
place in any one fan, each successive pair of which, owing to the
gradually increasing pressure, has to deal with a smaller volume,
Therefore each puir of fans in the series is made smaller and
smaller towards the centre, as shown.

The curve A in diagram shows the maximum pressure obtained
at the different speeds stated on line HL. The most efficient
pressures, however, are lower, and should not exceed two-thirds of
those shown on curve A. The curve B is therefore laid down to
show the most efficient working conditions, with the cubic feet of
air discharged at the different pressures.

Curve C shows the best average results obtained when pumping
or blowing air by means of an ordinary fan. The relative values
represented by these curves, along with the various rates of dis-
charge in cubic feet per minute stated, will enable comparison
to te made between’the merits of the new type and those of the
ordinary fan. The latter older type, owing to the excessive slip
at the required pressures, is seldom adopted for cupola work, unless
in cases where the amount of iron required is small, and the rate
of melting or high efficiency is unimportant.

The apparatus now generally adopted for cupola work, as dis-
tinguished from a fan blower, is known as a pressure blower,
capable of dealing more efficiently with large quantities of air
under pressures varying from 14 to 26 inches of water, by reason
of its positive action.

The best known pressure blowers now in use are those of the
Roots’, Baker’s, Samuelson’s and Piften’s types.

Fig. 80 is a vertical transverse section of an ordinary blower
of the Roots’ type, from which it will be seen that the air is



ROOTS' BLOWER. 251

impelled in the direction of arrows F by means of two 8-shaped
impellers, which revolve each upon its own fixed centre, the relative
movements being controlled by means of spur-gear wheels G W,
keyed to each end of driving shafts DS. In the earlier machines
these revolving parts were formed by fixing strips of wood to

Fic. 80.

malleable cast centre frames keyed to the driving shafts, the wood-
work being afterwards planedjto the proper shape, which would
leave a minimum of clearance between these revolvers at any point
throughout a revolution. In order to secure a still closer contact,
which was necessary to avoid excessive slip, a frictionless paste of
the following composition is applied evenly all over the wooden
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surfaces by means of a brush until every portion of these revolver
surfaces are in contact at the proper time :—

COMPOSITION.
Parts.

Tallow.. .. .. . & . . .. 6
Plaster of Paris .. « ee e .. 8
Beeswax .. .. . o . e .. 8
Black lead .. . w1

These various substances are to be thoronghly mixed by melting,
and allowed to cool sufficiently before application.

Of course there are many other compositions sold which are
‘more or less efficient. With the arrangement referred to, even
when the wood chosen was the best selected deal, free from knots
and thoroughly dried, and the fixing bolts made in the most
approved manner, it is no uncommon thing to have a breakdown
owing to these fixings becoming loose, resulting in the wooden
staves jamming up and sending everything inside to pieces. The
slip sometimes becomes excessive, even with the composition referred
to, by reason of the changes in shape due to unequal shrinkage
and alternate swelling of the wood.

The most important development in the more modern machines
is the adoption of revolvers made of cast iron throughout, and fitted
as previously to malleable iron shafts. The working surfaces are
planed all over to a proper shape, which enables them to work
together with a minimum of clearance; so that a much greater
efficiency is obtained, without even the use of the thick lubricant
composition referred to, although a little of it is sometimes con-
sidered an advantage.

The main bearings, spur gear, &c., have also had their share of
attention, so that generally the Roots’ blowers now made are more
efficient and give less trouble than formerly.

As an alternative arrangement to that of belt driving, many of
these blowers are now driven direct by means of a duplex steam
engine, having one steam cylinder and piston rod, but with two
separate connecting rods, each of which is coupled direct to its own
barrel-shaft crank pin. It is still necessary, however, to retain the
spur wheel-gearing at both ends of blower, in order that the proper
relative positions of revolvers is maintained, just as when belt
driving is adopted.
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In either of these arrangements the blowers should be mounted
on a planed cast-iron bed-plate, which gives greater stability than
when bolted down directly on the stone foundations.

The following Table XXV. furnishes some interesting par-
ticulars as to dimensions, work, discharge pipes and other details
published by Messrs. Thwaites in 1897, respecting their latest
pattern of Roots’ blower :—

TaBLe XXV.

Fig. 81 shows a vertical cross section of another or modificd
form of the foregoing blower, generally known as Samuelson’s
blower, owing to their being the sole makers in this country. This
latter design, however, is also Roots’, and is the subject of his
latest patent, the name “ Acme” being registered as a trade mark
to distinguish it from the ordinary or others of the Roots’ type
manufactured under expired patents, and compared with which
latter type it is claimed that the new form, as shown in Fig. 81,
combines in a higher degree the important elements of simplicity,
durability and efficiency.

With Roots’ blowers generally the gear wheels are all of equal
dimensions, causing the revolvers to revolve uniformly and in the
directions indicated by arrows shown. Each revolver therefore
draws in and sweeps out, for every revolution, twice the volume
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represented by the area A A, maultiplied by the length of rollers.
That is, the total volume swept per revolution by both revolvers
ocombined is represented by four times the area A, multiplied by the
length of rollers or inside length of casing. The volume repre-
sented by the area A A, and swept by the revolvers, is in each case
surrounded at one side by a semicircular wall or half cylinders,
both of which form the sides of the outer casing. These half

Fie. 81.

cylinders are cast separately, with flanges which are faced, in order
that both halves may be bolted closely together, and as truly bored
out as any steam cylinder.

A blower of very ingenious construction is that invented by
John G. Baker, of Philadelphia, and shown in section in Fig. 82.
It is largely employed, both in England and in America, and has
become a standard machine for foundry use. It consists, as will
be seen from the figure, of three drums, the upper drum being fur-
nished with two blades or vanes B! B? which pass alternately through



BAKER'S BLOWER. 255

wide openings made to receive them in the two lower drums. This
blower is made entirely of iron; the upper cylindrical portion or
case is bored out and faced on the ends, the heads of the machine,
or ends upon which the bearings are bolted, being also faced off
true. The case is secured at the ends by bolts, and when in exact

Fic. 82.

position the ends are dowelled, so that when the case is removed
it can be returned to position without deluy. 'The base is a strong
casting faced on its upper side, and bolted firmly to the ends of
the machine; the drums are each cast in one piece, turned truly
and balanced to ensure closeness, and at the same time to render
them steady when running; the slots in the two lower drums
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extend throughout their entire length, and are made considerably
wider than is needed for the passage of the wings, in order to
ensure freedom in action, and prevent any danger of the wings
striking against them when entering or leaving; the wings of the
central drum are faced off and bolted on firmly; they are cast in
the requisite form to ensure the greatest strength in proportion to
their weight. As with other machines of this class, the bearings
in general are made large, to secure extended bearing surface, and
give the journals such a degree of strength as to prevent them
springing, and to overcome rapid wear. To find the amount of
power to be used with one of these machines, the following formula
will be found useful ; the quotient will be the actual horse-power,
less the friction of the blower :—
= cubic feet of air delivered per minute.
P = pressure in ounces per square inch at blower.
H.P. = indicated horse-power required.
2P x -C03
HP. = — 17—

The following Table XX V1. relates to Baker’s blowers, the sizes
being those made by the Saville Street Foundry Company, Sheffield.
The following particulars are the latest published by the makers :—

TasLe XXVI.—PARTICULARS OF BAKER'S BLOWERS.

Dis- No. of |frota sctual
place- Cublc | Weight 0. of,
ment in [Revolu-| Feetof |of Iron| Internal spﬂle:h:‘ Atl))-’:t‘:ed Diam,

Diam, Width
Cubic | tion: A Melted .
of | Feet T Pue‘:d in Tcns C?:;:‘hll): 70 Cub, | with an Drl::ng of
Outlet. | “por Min. TR Inches. fx P"A.:;n Pulley. | Pulley.
sz;;lu' our. our. Fire. |6 Inches in
. Water.
2 *17 | 300 3,000 . . . -545 8 2
33 z 250 | 11,250 . . 2 1:000 | 16 3
33 1 250 | 22,500 3§ {14t0 18 5 1:750 | 16 3
6 3 | 240 | 43,200 1 (18,22 10 2:600 | 20 33
9 6 | 200 | 72,000 2 (22,27 17 3:400 | 30 4}
91 9 | 175 | 94,500 2} | 27,80 22 4-000 | 80 4}
11 13 | 165 |128,700 3 (80,384] 30 4:500 | 40 6
113 | 17 | 150 |[153,000 5 |34,40| 86 6100 | 40 6
15 25 | 140 |210,000 8 40,48 50 7-300 | 48 8
163 | 30 | 130 |234,000 | 10 |48 ,52| 55 8:400 | 48 8
203 | 45 | 130 351,000 | 14 |50,,62| 83 | 10°800 | 54 8
24 60 | 130 [468,000 | 20 |62,,72| 111 | 14:000 | 60 10
24 72 | 130 (561,600 | 22 |62, 72| 138 | 16:000 | 60 10
28 | 100 | 130 (780,000 | 28 |72,,90| 185 | 23000 | 72 11}
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With this type of exhauster or blower, although there are three
revolving drums as shown, it is only the top one, with its two
blades, which is directly effective in pumping or blowing air; the
upper volume, represented by the half annular area A A, above
the diameter line S8, being swept out or discharged twice every
revolution (once by each blade). The two lower gap rollers simply
act as stoppers, to ensure that at no part of a revolution is the
air allowed to pass back. In order that the gap in roller R? (at
present .in position to allow of the passage of blade B') is round
again in time to allow the free passage of blade B?, it must revolve
at twice the speed of the top roller. The same thing applies to
gap roller R? so that for each revolution of the top barrel and
blades the two gap rollers require to make each two revolutions.
These relative speeds of revolving barrels are maintained by means
of toothed geared wheels (shown dotted), and keyed to each shaft ;
the spur or tooth wheel on the top roller shaft (which is the main
driver) being twice the diameter of those on the gap roller shafts.
All three spur wheels are geared so that the direction of revolu-
tion for each roller, and the flow of air, will be as indicated by the
arrows shown.

Fig. 83 is a longitudinal and transverse vertical section of a
Piftin blower, as manufactured by Messrs. Herbert Morris and
Bastert, Sheffield, for which it is claimed that the slip is con-
siderably reduced. For comparison it is stated by the makers
that the amount of slip, when working against a constant pressure
of 4} lbs. per square inch, is less than that for any other blower,
even when the latter is only working at  1b. per square inch. This
increased efficiency with the Piftin blower is said to be the result
of increased breadth of surfaces in contact, as compared with the
narrow breadth or hair-lines of contact in the previous examples
of blowers and all other types in which the surfaces in contact are
each a part of different bodies revolving about separate centres.

In the Piftin blower it will be scen that the three pistons or
impellers P P P (carried by the disc-plate A A A, keyed to main
shaft SS) revolve and pass throngh an annular space, the inner
and outer surfacesof which, formed by the outer casing O C and
inner sleeve B, are both stationary. The contact surfaces of the
different pistons can therefore be made to any desired breadth.

8
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The upper three-stop or gap roller necessary to prevent the back-
ward flow of air has also its outer revolving surface in contact
with stationary surfaces of ample breadth, as represented by the
breadth of surface between each gap ; also the breadth of flattened

Fi1c. 83.

portion forming the so-called crescent-shaped sleeve B B, which
surrounds and encases the main shaft S 8. ,

In the Piftin blower, as in the Baker type of blower referred
to, the gaps in the stop rollers are alternately exposed to the
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suction and discharge sides of blowers, and at first sight they
might be supposed to be adding to the capacity by discharging
the volume of the various gaps. Instead, however, of being an
advantage, they are a distinct source of loss of capacity per revo-
lution, as each of these gaps not only returns from the discharge
side fall of air, but, what is worse, they return with air at & higher
pressure than when exposed to the inlet side; the increase in the
volume of air returned, when at the reduced pressure of inlet,
corresponds to the loss in pumping capacity thereby. - In the Piftin
blower, however, it will be seen that the volume of gas returned at
discharge pressure is less than that which fills the gap (when ex-
posed to the inlet side) by the amount of space or displacement
which takes place when the hollow pistons P P P pass through the
gap as shown, so that the suggested loss due to the three gaps in
top roller is minimised correspondingly.

The following Table XXVII., giving the relative speeds,
capacities, &c., a8 published by the makers, will enable a com-
parison to be made with the previous types of blowers referred to :—

TasLe XXVIL
Cubic Feet, Intetand | o ..y For Cupolas. Pulley.
s | Pl |t 3Nl | gy | Dl [ B
Pressure. Inches. Hour. Inches. Inches.
1 106 3 2 6 1§
2 247 33 3 7 2
8 353 4 5 . . 8 2}
4 494 6 7 20to 21| 1 to 1} 10 3
5 882 7 13 24 ,, 26| 2 , 23 11 3
6 1012 8 20 26 ,, 30| 2§, 4 13 4
7 1941 10 30 3 , 36| 4, 5} 15 43
8 2824 12 40 86 , 46| 5%, 8% 18 53
9 4024 18 60 46 ,, 48| 81,10 20 63
10 4942 14 70 48 , 54| 10 ,, 13} 23 63
11 7060 18 40 7

In the various types of blowers referred to, the number of
revolvers is either two or three, the relative movements of which
' s 2



260 FOUNDING AND OASTING.

in each example are maintained by means of spur gearing, which
latter has more or less work to do in different types.

Although the different makers are aware and give due attention
to the importance of balancing the various revolvers, it is impos-
sible, apparently, to do away with the excessive noise from such
machines, even when working at their normal speed. This noise
is due to the unavoidable clearance and consequent back lash
between the teeth of the gear wheels and rollers, even if when new
these wheels could be made perfect. Therefore, to produce a noise-
less blower it would seem necessary to do away with geared wheels
altogether. This has already been done in the form of the Beales,
Waller, Gwynne and Donkin types of exhausters or blowers, as
generally adopted in gas-works for the lighting of towns and large
cities. In such applications the object to be obtained is very
similar to that of the blower, viz. to draw the gas so as to produce
a suction, and discharge it against the accumulated resistances in
the gas circuit due to the various appliances or processes for puri-
fying the gas. The pressures to be dealt with are generally in
excess of those required in cupola practice, viz. 2 inches of water
guction and 25 to 36 inches of water-gauge pressure on discharge
side. These machines are altogether much more efficient than the
usual types of blowers previously referred to, but they are much
more expensive, owing to the high-class finish and workmanship
required.

Fig. 84 shows a transverse section of a new patent improved
design of exhauster or blower of the latter class, manufactured by
Messrs. R. Laidlaw & Son, Engineers and Founders, Glasgow,
which, in addition to its being at present one of the most efficient
of the various latter types mentioned, is likely also to be adopted
for producing the blast for cupolas and other similar work, by
reason of its simplicity, high pumping capacity and steadiness in
the flow of air produced, by utilising the inner volume of revolving
barrel as shown, the latter of which enables it to give the desired
quantity of air with the minimum dimensions as compared with
any other positive blower, and that without almost the slightest
noise, which with the present form of blowers is so objectionable.
The present excessive normal speed would also be much reduced
in this new type of blower.
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By reference to Fig. 84 it will be seen that this latter type
consists of a circular outer casing C R, inside of which an eccentric
cylinder or barrel BB is made to revolve, carrying round with it
the three radial blades R B shown, the latter being mounted on
the central hollow spindle HS. By this means it will be seen
that the crescent-shaped area A A A is swept by each of the blades
during one revolution, so that three times the volume represented
by the area A A A maultiplied by the length of blades is discharged

Fie. 8¢,

every revolation of the inner barrel. In addition to this, by
utilising the interior space (represented by aa, bb) of revolving
barrel, the capacity of this blower is increased from 30 to 50 per
cent., according to the size or capacity referred to. In order to
obtain the latter increase of capacity, the end covers have suitable
inlet ports IP and outlet ports O P, and connecting passages
shown. The proportions and various shapes of these ports are
specially designed and arranged in relation to certain critical posi-
tions of the blades, occurring at regular intervals during each
revolution; so that in this blower it is unnecessary, as in all other
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similar forms of blowers and exhausters, to maintain the outer
surface of revolving barrel in contact with the inner surface of
casing at the point C8, by reason of which condition it was pre-
viously absolutely necessary to machine the surface of revolving
barrel all over. It will therefore be seen that in this new type it
i8 quite unnecessary to machine the surface of revolving barrel,
unless at the ends, which are made to run in circular grooves formed
in the end covers as indicated, in order to maintain the barrel
in its proper eccentric position shown. By the arrangement of
ports referred to, it is not only unnecessary to machine the outer or
inner surfaces, but, for the same reason, the barrel surfaces are
made to give a positive clearance, so as to avoid the usual friction
along the lines of contact at C 3, which latter is necessary in other
similar forms of blowers in order to avoid excessive slip. The slip,
that is, the loss due to leakage by the return of gas or air from the
discharge to inlet side, is in this new form entirely prevented by
the blades, owing to the special arrangement of the ports, which
ensures that, during a complete revolution of the barrel and blades,
there is no instant at which the inlet and outlet ports can be open
together. This arrangement also admits of every working part
being fitted with adjustable packing strips, held out by means of
suitable spiral springs, when for high working pressures, so that
slip may be reduced to & minimum. This adjustable packing can
only be adopted partially in any of the other similar forms of
exhausters or blowers referred to.

The diagram (Fig. 85) illustrates forcibly what actually takes
place in the cupola, showing the operation of the blast in actual
work when using a Baker’s blower, and comparing the pressure
with that produced by a fan.

The irregular, crooked and dotted lines show five different
heats taken from a 37-inch cupola inside the lining, measuring at
its largest, or at 20 inches above the tuyeres. Blast given with s
No. 17-feet Baker’s blower, running 93 revolutions per minute;
blast pipes cast iron, and perfectly air-tight.

The horizontal lines on the diagram show pressure in ounces
per square inch, and the vertical lines show spaces of time of five
minutes each. On examination of the diagram it will be observed
that when the blast is first put on, the pressure will be somewhere
near ten ounces, slightly diminishing the first fifteen minutes,
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until the iron commences to melt, then rapidly increasing in
pressure until the highest limit is obtained, which is in about an
bour and a quarter after the blast is put on. The fuel used was
the best anthracite lump coal, and the iron was two-thirds pig and
one-third sprues, small gates, fine scrap, &c., at last of the heat.
The average amount of power, number of pounds of iron melted
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per pound of coal used, and iron melted per pound of coal, are
given in the accompanying table : —

TasLe XXVIIL
WORK DONE BY 37-INCH CUPOLA AND BAKER'S BLOWER.

of Tron.
Reference Average Iron Iron of lron
Time in Pounds of | Pounds of Melted
Letter on Horse-power| Melted Melted per
Disgram, | Minutes. dnrlngp:eu. Iron Melted.| Coal used. | per Hour, | per Minute.| 1b. Coal

92 7-45 12,000 | 1,500 | 9,719 162 8:000
99 7-40 12,000 | 1,450 | 8,780 146 8-275
100 7-55 12,100 | 1,550 | 9,075 152 7-800
101 7:60 12,550 | 1,550 | 9,181 153 8-032
111 7-50 13,873 | 1,650 | 8,950 149 8-403

HoOoWwhH

Average| 101 7-50 12,504 | 1,540 | 9,143 152 8-102
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A careful study of the diagram reveals several important facts
to which we would call attention :—

1st. The ever-varying conditions of the furnace as regards the
pressure of blast to produce the results, shown by the unsteadiness
of the lines.

2nd. That under ordinary circumstances, such a resistance to
the passage of the air through the charge in the furnace is
imposed, as to cause a considerable increase in the pressure of the
blast ; and that if the machine be not capable of answering such
conditions, there must be a loss in fuel and also in the quality
and quantity of castings turned out in a given time.

3rd. Seeing that the highest pressure required is from 20 to
21 ozs. per square inch, it is impolitic to employ a fan whose
highest duty is 16 ozs.; not that pressure is a sine qud non for
smelting in the cupola, but that, in order to introduce the necessary
amount of oxygen per pound of fuel. the internal resistances
should reach such a point as to cause a corresponding increase in
the density of the air.

As a mere question of mechanical arrangement, simplicity, and
economy of power, no thoughtful mind can doubt for a moment
the advantage of running at a low speed with a positive displace-
ment per revolution, and knowing exactly what air is being
delivered, agaiust the excessively high speeds, with the multiplicity
of belts, pulleys, shafts, bearings and all the paraphernalia incident
to the successful working of a fan.

Blowers should be set on good solid stone foundations, to which
they should be held by proper bolts, and care should be taken to
set them level lengthwise. Too much stress cannot be laid upon
the necessity of providing iron piping for the air-conducting pipes,
and seeing that these, with the shut-off valves and connections,
are perfectly tight. An escape valve may be fixed with advantage
upon the air-pipes, to relieve the blower from too great an increase
of pressure of air, caused by the closing of the shut-off valves while
the machine is in operation.

It is to be regretted that no more definite and independent
information is obtainable with regard to the superiority and rela-
tive advantages of the various pressure blowers in use, and of the
comparative results obtained by such machines as applied to the

~
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foundry cupola, than that issued by their respective manufac-
turers. The subject has not yet received the atiention it de-
serves at the hands of the ironfounder in this country, nor have
the results been so carefully worked out here as in the United
States of America, where the conditions of working are somewhat
different.
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CHAPTER XI.

PATTERNS.

IN order to mould a quantity of melted metal into any desired form
two things are necessary : a model or pattern of the required form,
and a substance of sufficient susceptibility and adhesiveness to
receive accurately and to retain impressions of that pattern made
upon it, against the violence of the liquid metal when run into the
space which is thereby formed. The making of patterns is a trade
in itself, involving in its pursuit the manipulative knowledge of the
turner and joiner, and into the bench details of this trade it is not
our purpose to enter ; but those desirous of studying those details
would do well to read the capital little treatise of Joshua Rose.

Wood is almost universally employed as a material for patterns,
pine or deal and mahogany being the kinds chiefly used. Of these,
pine is by far the most useful, in consequence of its uniformity
of substance, freedom from knots, clean and easy working, aud
abundance. Yellow or white pine is particularly good for long and
nearly flat work ; it does not warp much, is not likely to split,
and is light to handle. It has a fine grain, and is left smooth
after the tool. Itshould not be roughly used, however; being soft, it
is easily indented or marked by a blow or a fall, and will be injured
if placed in situations where it is likely to be subjected to such
contingencies.

Canadian red pine is harder than the above, and may well be
substituted for it, if it is chosen free from large knots, and not too
much impregnated with turpentine.

White American fir or spruce is best for large wheel patterns,
especially when they have to be built up and glued together before
being turned in the lathe. It should be cut into thin slabs, and
slowly seusoned, when it will not be found to split. When the
slals are glued together, the grain of each slab should be placed
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diagonally to that nextit. This is a harder wood than yellow pine
or yellow Canadian.

We entirely agree with Rose, the American machinist, when
he states that, “ Care taken in its selection will be amply repaid in
the workshop. When it is straight-grained, the marks left by the
saw will show an even roughness throughout the whole length of
the plank ; and the rougher the appearance, the softer the plank.
That which is sawn comparatively smooth will be found hard and
troublesome to work. If the plank has an uneven appearance,
that is to say, if it is rough in some parts and smooth in others,
the grain is crooked. Such timber is known to the trade as
cat-faced. In planing it the grain tears up, and a nice smooth
surface cannot be obtained.”

Mahogany shrinks but little in drying, and twists and warps
less than any other wood, on which account it is largely used in
pattern-making. Spanish mahogany is considered the best, and
Honduras next. African is inferior, as it alters its shape in drying.

Mahogany does excellently for small patterns, but its expense
limits its application to the construction of these. It can be cut
very clean, and its superior density and closeness of grain render it
well fitted for nice patterns, such as of bushes for journals, small
pinions, the teeth of wheels below 1 inch in pitch, and in every case
of a similar nature in which the fibres of the wood may be pre-
sented endwise to the surface; whereas in working fir in this
manner for minute purposes, it is apt to be broken away at the
edges.

Cherry-tree wood is good for patterns when well seasoned. It
is used in Germany for making patterns for fine castings for
cabinet work. It is a hard, close-grained wood, that of the black-
heart cherry being considered the best.

Beech has an excellent uniform texture, and is much used for
turnery purposes, keys and cogs of machinery, and for patterns.

Teak is a light porous wood, easily worked, and is also strong
and durable. It is soon seasoned, and being oily does not injure
iron. The timber contains a quantity of silicious matter, which
is very destructive to edged tools. The best teak comes from
Moulmein,

The choice of wood for pattern-making is governed by the
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following considerations :—It should be free from knots, close and
straight grained, with the annual rings not too strongly developed,
and not too hard to be easily and neatly worked to the desired
form. There are several woods which, although admirably adapted
for pattern-making in these respects, are still, from their tendency
to split, only to be used with great caution, notably teak and green-
heart. Patterns made of sycamore, maple, box, oak, and elm
generally require to be varnished or painted before being placed
in sand ; otherwise, however dry and smooth they may be, they may
not draw cleanly from the mould.

We have given here but a short résumé of the leading charac-
teristics of the different kinds of wood used by pattern-makers,
but if fuller particulars should be required on this topic, the reader
is recommended to consult vol. i. of Holtzapffel'’s ‘ Turning and
Mechanical Manipulation.” That work contains a very complete
list of British and foreign woods, although comparatively few of
these are used in pattern-making.

A more recent work, ¢ Tredgold’s Carpentry by J. T. Hurst,’
contains information about timber, which will also be found very
serviceable,

No large foundry should be without sufficient stock of seasoned
wood for patterns, nor without a properly constructed room for
desiccating such timber.

In a foundry nothing is more wasteful than the employment of
half-seasoned wood when the patterns are to be of any permanent
value. They warp, split, and change form, and though still capable
of being moulded from, parts intended when cast to go together with
a minimum of fitting, are found to require a great deal more than
nced be, and sometimes cannot be got together at all without thick
chipping strips being tacked on to the meeting faces of the
junctions in the patterns, or perhaps even packing pieces of iron in
the work itself. The stock of fully-seasoned pattern wood should
not be left at the mercy of the pattern-makers, to cut it up how
and when they like, at their own discretion. Every joiner prefersto
work dry wood, which works so much more easily than what is
unseasoned. There is a desire to employ always a finely-seasoned
wood, whether necessary or not, and for many large patterns it is
not so. When the drawings come from the drawing office, the
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foreman should direct the pattern-maker as to the timber to be’
employed, and check the quantity taken off by each man.

Timber is seasoned by being exposed freely to the air in a dry
place, protected if possible from the sunshine and high winds.
The timber is stacked so as to allow of the free circulation of air
amongst it, and should be slightly raised from the ground on stone
or iron bearers. If the timber is allowed to remain in water for
a fortnight, the subsequent seasoning and drying is more rapid.

Time is the best seasoner of timber; but space and other
economical considerations usually cause founders to abridge the
time by artificial seasoning. This is often done by piling the sawn
planks into racks provided over the boilers of the engine which
drives the machinery of engineering works. In large works it is
much safer to have a proper oven or desiccating kiln specially
made for the timber, and heated by the waste heat from some
boiler or fire. The heat must not be great, and a steady, gentle
current of dry air is essential. When the wood is quite dry, it
is best stacked in racks horizontally in the open air, but under
cover from rain.

Large patterns when quite done with should be taken to pieces,
and the more useful portions of timber they contain cleaned and
stacked for use again. Those patterns which are to be preserved
for future use should be stored in an orderly manner, exposed to
the open air, but roofed over to keep them dry.

Wheel patterns occupy a great deal of room, for they must be
stacked upon the flat over each other in piles, only bearing upon
each other at the eyes of the wheels. They should be placed on
the ground floor, which should be boarded ; and in a large mill-
wright establishment, where spur and bevel-wheel patterns of 10
or 15 feet diameter are not uncommon, a light overhead traveller
would with advantage be so arranged as to pick out any pattern
from any part of the room.

The upper floor answers well for all other classes of patterns.
The iron and the brass or gun-metal work patterns are usually
best classified quite distinctly. But in marine engine and locomo-
tive work it will always be best to place the whole of the patterns
for the parts of each engine together, whether they be for iron or
for brass. Drawings to full size on boards, templates, gauges, and
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the like for such work, are best also deposited ndjacent to and in
order with the patterns.

Some woods, such as oak for instance, have such powerful
capillary attraction that when placed in contact with the moulding
sand they rapidly imbibe the moisture from it, and adhere so
firmly to the face of the mould, that they cannot be withdrawn
cleanly and smoothly from it.

Deal and red cedar are more free from this objection, as their
grain has much less attraction for moisture, and thus allow the
patterns to draw with ease from the sand.

Some of the bard woods which are occasionally employed, such
as ebony and box, have surfaces almost as hard and unabsorbent
as metal. But there are also several hard, close-grained woods,
which cannot be made to draw clear from the sand—poplar,
sycamore, and pear tree, for example. This is unfortunate, as these
woods are, in other respects, pleasant to work on. If the surfaces
of the pattern made from these woods can be left quite fresh from
the cut of a keen-edged tool, the difficulty is reduced, but if they
have been finished with a file or glass-paper, the grain will be so
fringed up, that it will be impossible to obtain a clean green-sand
mould from the pattern.

As a precaution against these defects in the wood, and also as
a preservative for the patterns, they are usually coated with
varnish, or oil paint, &. Thus their capillary attraction is
lessened, and their surfaces made smooth and glossy. There is
nothing better for this purpose than a moderately hard drying oil
paint, blackleaded over when dry. One mode of coating patterns
is to paint them with a thin coat of oil paint, consisting of red-lead
and acetate or sugar of lead. Allow this to dry in a warm room,
then carefully rub over with sand-paper, and finish with powdered
chalk ; or a thin coat of a less rapidly setting oil paint may be
applied, and the surface finished with pumice-stone and very fine
glass-paper. Rub well with a soft cloth, then put on a coat of
blacklead mixed with beer, applied with a hard brush.

When only one or two castings are required from a pattern,
especially if it should be of an ornamental and delicate character,
this coating of black-lead and beer may be applied directly to the
naked wood of the pattern. This plan answers very well where
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the wooden pattern is to be employed simply for the production of
a metallic pattern. But it is certainly desirable that patterns
which have to be used several times should be painted in oil, more
especially when they contain joints made in glue.

Pattern-makers mix with their glue some good, thin drying
linseed oil, in the proportion of about one of oil to four of water.
The oil is added to the glue and well stirred in whilst hot. This
glue is scarcely affected by moisture, and makes a strong, sound
joint, although it does not set hard and glassy, like ordinary glue.
It is, however, advisable, even when this glue is used, to protect
the pattern from moistare, &c., by oil paint, if a good, clean mould
i8 desired. ‘

For large, coarse work, a thin coat of common lead-colour oil
paint, with slight finish of black-lead put on dry, is a cheap and
simple protection.

Mallet recommends a paint for wheel patterns as giving ex-
cellent results in the moulds, and a smooth surface on the castings.

A first coat was applied of a paint made of thin drying oil,
spirits of turpentine, and pure white-lead mixed with a little
crystallised acetate of copper. When dry this was smoothed off
with pumice-stone, then a second very thin coat of the same paint
was applied, with the addition of a little copal varnish. The
patterns were then slowly dried, being carefully watched to see
that no warping occurred. This paint dried very hard, but after a
time, when exposed to wear and handling, it would get scratched,
when it ceased to give such good results as those at first obtained.
This defect was partially remedied by rubbing the surfaces over
with powdered French chalk.

Some patterns, made of rather hard wood, such as dry ma-
bogany, will deliver very well if well coated with copal varnish.

Weak shellac varnish is also a capital protection to patterns;
it is easily made by dissolving 1} to 2 parts by weight of shellac
in 20 parts methylated spirits. The ingredients take some twenty
or thirty hours to mix in cold weather, but the mixing may be
quickened by the vessel containing it being place on a stove or
other warm place.

When a pattern is nearly all composed of one material it is by
no means difficult to estimate the weight of the casting for which
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it is intended. A reference to the table of specific gravities and a
short rule-of-three sum suffice to give the approximate weight of
the casting in any desired metal, if the weight of the pattern is
known.

If the pattern is of a simple form, its cubical contents multi-
plied by the weight of a cubic inch, or cubic foot of the metal,
will give the weight of metal required for the casting; and this
is generally the more reliable plan, as it is quite unaffected by
differences in the specific gravities of the materials used in the
pattern.

It is always necessary to make a good allowance for the excess
of metal in the rising heads, gaits or gats, and the like.

When a pattern is made up of several different materials, and
is of a form not easily to be measured for its cubical contents, the
usual plan is to weigh each of its component parts before they are
finally adjusted in position, and the weight of the hard wood, iron
bolts and strays, &c., being noted down, the weight of metal
required can be arrived at.

TasLe XXIX.—WEIGHT OF CASTINGS.

Will weigh when cast in
A Pattern weighing 1 1b.
Cast Iron. Zinc. Copper. {Yellow Brass.| Gun-metal.

Maohogany .. .. 8 8 10 9-8 10
White pine .. .. 14 14°5 18 17-5 17-8
Yellow pine .. .. 13 12-6 16 15-5 16
Cedar .. .. .. 11°5 11-4 14°5 14 14°5
Maple .. .. .. 10 9-8 12-5 12 12-¢4

Papier-méché, or plaster of Paris, should always be black-
leaded over thin, hard, oil paint. Cast-iron patterns should be
rusted, by any solution which increases the tendency of the metal
to oxidise. Sal-ammoniac, dilute hydrochloric acid, or common salt
in water, answer the purpose. The rust must be completely got off
by the “scratch-brush ” of wire, before the black-lead is applied.

All metallic patterns are much improved in their “ delivery ”
by being finely “black-leaded.” Prior to the application of the
plumbago, the surface of brass or gun-metal patterns should be
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“ roughened,” by leaving them wetted with a solution of sal-
ammoniac. Zinc, solder, or type-metal, or other such soft alloys,
will “take ” the black-lead at once, if the surface be free from
grease or dirt.

To preserve iron patterns from rusting, and to make them
deliver more easily, they should be allowed to get slightly rusty;
next, they should be warmed sufficiently to melt beeswax, which is
then rubbed all over them, and nearly removed ; they are then to
be polished with a hard brush when cold.

The following is a list of the different varieties of wood most
suitable for pattern making, with their specific gravities :—

Specific Gravity.

Cork .. .. .. & & o o . 028
American pine .. .. .. .. .. .. 037
American fir .. .. .. .. .. .. 042

Larch R |5 1
Cowrie .. .. e v ee . 058

Red Honduras cedar e ee ee o 055

Elm .. .. .. .. .« . 0-55

White poplar .. .. .. .. Vames 0°34 to 0:53
Willow .. .. .. .. .. »w 042t00-5
Syeamore .. .. .. .. .. .. .. 0-60
Limetree .. .. .. .. . .. .. 060
Peartree .. .. .. .. .. .. .. 066
Clerrytree .. .. .. .. .. . 071

Maple T R 651
Applefree.. .. .. .. .. .. .. 0-80
Alder.. .. .. . .. . . .. 080
Beech v ee e e e e 0°85
Honduras mahogany .. .. .. .. 0'81to1:06
Boxwood .. .. .. .. .. . .. 1'03t01-33

Cast-iron, brass, zinc, plumber’s solder, gun-metal, and type-
metal are frequently used, whilst cements, plaster of Paris, wax,
terra-cotta, papier-méiché, and glass are occasionally employed in
pattern making.

Many common works, such as plates, gratings, and parts of
ordinary fire-stoves, are made to written dimensions, without any
pattern being used, as a few slips of wood to represent the margin
of the casting are arranged for the time upon a flat body of sand,
which is modelled up almost entirely by hand. But in all cases
whore accuracy is required, well-made patterns are necessary.

The pattern is a model of which the casting is to be the copy,

T
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but an intermediate stage is necessary, namely, the mould, which
represents in hollows the projections which must appear on the
finished casting. Each of these articles, namely, the pattern, the
mould, and the casting, is generally made in different materials,
each of which is subject to certain alterations in size and shape,
dependent upon the degree of heat to which it may be exposed, or
upon changes in dryness or moisture. Thus, from the original
design or drawing a pattern is made, most frequently in wood,
which is then transferred to the mould ; this varies in materials
according to the nature of the work, into which finally the molten
metal is poured.

In view of these circumstances, and certain known properties
of materials at different temperatures, allowances have to be made
for shrinkage, &c., from which it follows that patterns have to be
made differing materially from the size and shape of the casting
which is to be produced. There are several elements of compli-
cation ; thus, as there must be a slight clearance allowed for
removing the pattern from the mould in which it is enveloped, the
hollow of the mould has o be slightly larger than the pattern.
The casting itself contracts in cooling to an extent which is pretty
well (but by no means accurately) ascertained, and for which a
regular allowance is made. Thus, in large, heavy castings, one-
tenth of an inch is added to every foot of length in the pattern,
which is found in practice sufficient to allow for the contraction of
the metal on cooling, combined as it is with the slight increase in
the size of the mould over the pattern. In small castings, one-
eighth of an inch to the foot, or about one per cent., is suffi-
cient.

The following remarks upon this point are taken, with the
accompanying tables, from Thomas Box’s ‘ Treatise on Heat’:—

“The contraction which metals experience in cooling down
from their melting points to ordinary temperatures is very con-
siderable, amounting to about an inch with a straight bar of cast-
iron 8 feet long, or with a copper bar 5 feet long. Allowance has
therefore to be made for contraction in fixing the sizes of the
pattern.”

Thickness of metal, size of casting, and composition of the
metal of which the casting is made, have each their respective
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influence in determining the amount of contraction, as already
shown in Figs. 2, 3, 4, pages 25 to 29.

"« The following table gives the result of practical observations
on this subject, and is very simple in application. Thus a cast-iron
girder 20 feet long must havea pattern -1246 x 20 = 2-492 inch
longer than itself, but a pattern 20 feet long would give a casting
1236 x 20 = 2-472 inch shorter than itself :—

TasLe XXX.—OF THE CONTRACTION OF METALS IN

CASTING.—(Box.)
CONTRACTION,
Length o
Pauem.l Total Per Foot
inInches. |~ [
of Pattern. | of Casting.
it. in.
Cast-iron girder.. | 21 83 211 -1236 +1246 .
" . 16 9 2-05 ©1225 +1236 .
Gun-metal bar .. 5 4% 1-0 18568 | -18%6 Maximum.
. o 5 7ig 936 | 1653 | -1676 .
. » » ‘97 1713 11737
» s 6 0% 1-0 1616 +1684
. » 5 6% -92 +1671 1695
»” " » *90 1635 <1657
- » " -88 1598 1620 .
» » » -84 +1526 +1545 Minimum.
" " . . *1607 +1632 Mean of 8.
Copper and _tin|
copper, 1-3; 5 6% 895 1623 1645 Maximum.
tin, 10 .. .. ‘
» »” » 880 1595 1617
v » » -880 +1595 *1617 .
” . " -855 1550 +1570 Minimum.
” » » . 1591 1612 Mean of 4.
Yellow brass .. 2 9} 5 +1811 1839 .
Copper e e 7 10; 1-54 1948 +1980 Minimum.
» e 7 5} 1-465 <1972 2005 ..
v e e ”» . *1972 +2005 Maximum.
”» e e . . -1964 +1996 Mean of 4.
Lead (mould) .. 20 21 <1050 1059 .
Zinc cast in iron 2 0% 455 - 2257 +2301 Minimum.
” » » 465 2307 2852 Maximum.
» »” . . 2282 2326 Mean ot 2.

“ For practical purposes one-eighth of an inch to a foot for cast-
iron, one-sixth for gun-metal, one-fifth for copper, and one-fourth
for zinc may be taken as sufficient approximations.

“The contraction of wheels is anomalous (as is shown by

i T 2
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quickness and correctness of judgment, and the knowledge of the
qualities of the various materials he has to deal with, that a good
pattern maker is valuable, for although much that it is necessary
for him to know can be, and indeed must be, acquired from books,
yet by far the most important points of workmanship, those upon
which the success and beauty of the castings depend, are only
mustered by long experience. As a rule, the more varied the
experience the more fertile in expedients and resources is the
pattern maker, and it is difficult to overrate the saving both in
time and materials that can be effected in & foundry where the
pattern shop is directed by a clever, conscientious foreman.

As proving the necessity for experience in this branch, may be
taken the frequent instances of highly finished drawings being sent
out of the drawing offices of some of the leading engineers to the
founders, where they are contemptuously thrown aside after a
hasty glance as impracticable ; or, what is still more frequent, some
slight modification in detail is suggested, which, without interfering
with the general design, materially reduces the cost of the work.

One of the most important points upon which success depends
is the allowance to be made for contraction, the extent of which, as
before mentioned, varies with the shape, size, and material of the
casting.

The allowance is nearly always made by the workmen in the
dimensions of length only, although undoubtedly a similar contrac-
tion of the metal takes place, to a somewhat smaller extent, in the
other dimensions of the casting.

In the majority of cases where the casting is a complete article
in itself, perfect accuracy is not imperative. When, however, the
casting is intended to be fixed together with other portions, to form
an engine, for instance, it is necessary that it should be true in
shape and dimensions, and free from flaws and air-holes.

In cases where many castings have to be made from the same
mould, the first casting should be carefully examined, and any little
errors can then be rectified in the mould before again pouring.

In dry sand or loam moulds this trimming can be managed to
a nicety ; where they are too slack, by laying on successive coats of
clay and black wash; and where they are too tight, by carefully
rubbing away some of the sand or loam.
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- When numerous articles are required to be alike, a metal cast-
ing is frequently used as the pattern, as being more durable than
wood. In this case a wooden pattern is first made, in which there
is an allowance for what is called the “ double shrink,” that is, the
contraction of the mefal pattern from the wooden pattern, and the
contraction of the unltimate casting from the mould which has been
formed upon the metal pattern.

The shrinkage sideways and endways of a casting 4 inches or
less in size, is compensated for by the shake in the sand given by
the moulder to the pattern, in order to extract it from the mould.

In very small castings requiring to be of correct size, allowance
should be made in the pattern for the shake of the pattern in the
sand sideways, say about 4!; inch less than the length required.

Good glue should be clear and transparent, and of a light brown
colour, and is an indispensable material to the pattern maker.

Break the glue into small pieces, and soak it for twelve hours
in as much water as will cover it, then melt it in a glue-pot, a
double vessel ; the outer vessel, which contains simple water, is used,
go that the temperature to which the glue in solution is exposed
cannot exceed that of boiling water. Let it simmer gently from
one to two hours ; when prepared it should be kept covered. The
strength of a well-made glue-joint frequently exceeds that of the
solid wood ; mahogany and deal are considered the best woods to
hold with glue. Glue applied to the end grain of wood must
be used much more freely than if applied in the length of the grain,
as the wood absorbs a considerable quantity by capillary attraction.
End-grain glue-joints never hold so firmly as when the joint is in
the length of the fibres.

In making long joints, the parts to be held in contact must be
planed very true; the glue is then applied, the two pieces held
firmly together, and as much of the glue forced from between them
as possible.

Weights and screw clamps are employed to keep the pieces in
their proper position until the glue is quite dry and hard.

A useful adjunct is a steam glue-oven. It can be arranged
in various ways, the form shown in Fig. 86 being commonly
adopted. By the means that are here employed, the ovens can be
placed on upper floors of large establisments without the danger of
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fire. The ovens are constructed with double plates throughout,
the pots thereby not coming into contact with either steam or
water. This also is security against the possibility of leakage, there
being but one joint in the whole oven, and that a flat one situated
where the apparatus is bolted at the bottom. The steam chamber
18 one casting. 'There are waste and steam pipes fitted each side,
and in the front is a cock for drawing off any hot water. The pots
are of iron, zinc plated; the edges being turned, making a tight
Joint, prevents any loss of heat in that direction. The central pot
will hold one gallon, and each of the end ones one-third gallon. A
zinc water-bucket is also provided. The pressure these ovens can
stand is 60 Ib. to an inch without leakage, but the steam chamber
is tested considerably beyond this. A great number of these ovens

Fic. 86.

are in use, having mostly taken the place of the old forms, which
caused damage by leaking.

A small face lathe is represented in Fig. 87, and is a very com-
plete and useful machine, taking the place of a double head lathe in
a large proportion of the turning incidental to a pattern shop. The
expense of this machine is not nearly so great ; it occupies but very
little space, and is more efficient in every way for any kind of face
work of 16 inches or less in diameter. In working this lathe the
operator stands directly in front of it, and not at the side, as in
other lathes ; this makes it doubly convenient for him, especially
where face work and inside turning are concerned. Where a con-
siderable amount of pattern turning is done, these lathes are
invaluable ; even if a double head lathe would perform all the work,
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a great saving of time and labour is experienced by having them
both in use, as a single lathe is generally at work when odds and
ends are to be turned.

=+

Fie. 89. Fic. 87.

PATTERN MAKING TOOLS.

-

Fic. 88,

All lathes are provided with overhead shaft, rest stands, and
other details.

These lathes are also suited for hand-turning in working metals,
brass and composition work especially. For this purpose they are
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fitted with a universal chuck to hold pieces from 4 to 8 inches
diameter as required.

Fig. 88, shows a pattern-shop lathe made especially for that
kind of work. At each end of a running spindle is provided a face
plate and also a floor rest, the latter not shown in the figure, so
that even large pieces of work may be turned on the overhanging
face plate.

The main framing is of iron, planed true on the top, with
grooves and ways to receive the sliding head and rest stands. The
lutter are quite a new thing, and made very ingeniously, so that the
rest and slide are both fastened by a single screw in front.

When necessary, these lathes are fitted with a slide rest, such
rest being required in turning parallel pieces, and this attachment
is to be recommended.

The lathe shown in Fig. 89 is a large face lathe, and is adapted
for use in all establishments where large circular patterns are
required to be made, such as gear for water-wheels, pulleys, and
the like. The lathes are made to swing to 6 feet diameter on the
inside of the rest, when it is in the same position as in the figure,
but when swung back, it can be made to swing a much larger
diameter. The rest is on a pivot, which enables it to be removed
and fitted on at a moment's notice; this is useful in mounting or
removing pieces from the lathe, and also enables the machine to be
used in turning pieces of more than 6 feet in diameter on the back
and periphery.

The main frame is a single casting, and the counter-chaft placed
inside ; the spindle is 3} inches in diameter, and the upright is of
brass ; the pulleys are made of wood, to avoid the extra weight
that would be entailed by the use of iron ones, but the latter can
of course be used if preferred. Every lathe of this class is provided
with three face plates, one stand, and four rests. A floor stand
is advised when larger pieces than 6 feet diameter are to be

‘turned.

Fig. 90 illustrates a very useful machine recently introduced,
which has been found very handy when fized to the bench, as shown.
1t is especially of advantage in squaring, or cutting to any angle,
the ends of moderately sized pieces of wood, such as for instance
the ends of segmental pieces, for building up circular patterns, one
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of which segments, B 8, is shown in position, the knife edges A B
being operated by the right hand on lever handle at H, while
the other or left hand holds and adjusts the piece of wood to be
operated upon.

Fi6. 90.

Fig. 91 illustrates the method of applying a recently introduced
leather filleting. A represents the specially prepared fillet pieces
us supplied in strips, and B shows the same leather strip in section,

Fis. 91.

after it has been pressed hard into the corner, and held in position
by glue, as is the case with wooden fillet pieces, but no sprigs are
required. The advantages of leather for the purposes stated are,
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that it readily adapts itself to any required curve, so as to produce
superior work, while the cost is less than when straight fillets of
wood or lead are used, lead being often adopted for curved parts
owing to its being easily bent into the required shape.

A B and C, Fig. 92, illustrate three different kinds of metal
dowel pins now being supplied to take the place of the ordinary
wooden pins which are liable to swell with damp so that they hold
too tightly. With the metal pins shown, this cannot occur, while
at the same time they fit more accurately and altogether enable the

Fic. 92.

moulder to produce cores quicker and better. When the ramming
up process in moulding is completed, the pattern has become
tightly held in the sand; and requires to be rapped vigorously
before attempting to draw it out, in order to insure its mould being
as clean and perfect as possible. To further assist in this direc-
tion, an iron spike is sometimes inserted at the top surface of
pattern, which latter, after receiving repeated blows with a hammer,
has the effect of starting the pattern sideways, and thereby slightly
widening the mould in every division, so as to leave the pattern
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comparatively free and easily withdrawn. When the pattern is
large and correspondingly heavy, the amount of hammering neces-
sary is very injurious, 8o that the pattern is destroyed and soon
becomes useless ; to avoid such damaging, malleable iron rapping
plates are fitted to the pattern, and fixed with screw nails as indi-
cated at S8 in plate D, Fig. 92, and having a hole H to receive
the end of rapping bar. This plate is also provided with a hole
SH screwed as shown, the size of screw varying from § inch to
% inch, to suit the lifting rods illustrated at E, Fig. 92, by means
of which the pattern is securely held as it is withdrawn from the
sand.

Wheel patterns are considered less indispensable than they once
were, owing to the large introduction of moulding by machinery ;
but, wherever the production of wheel patterns is in large demand,
a8 it long must continue in most Colonial foundries, it will be found
highly advantageous to combine with this face lathe, a well made
and accurate dividing plate, by the use of which an enormous waste
of time on the part of the pattern maker in ‘“stepping round ”
with spring dividers, the spaces for the teeth of spur or bevel
wheels, or those for the ** core-prints” in mortise-wheels, may be
avoided.

Before being used, every precaution should be taken to ensure the
accuracy of a wheel pattern, as to its perfectly circular form, shape,
and pitch of the teeth, and the central position of the hub, &e.
The shape of the teeth of some wheels intended for delicate machinery,
where accuracy of pitch, and noiseless revolution are important,
is drawn with the utmost nicety, but it is obvious that no skill on
the part of the draughtsman will make a wheel work “sweetly,” if
the pattern maker does not strictly adhere to the epicycloids or other
curves shown on the drawing.

Besides lathes, there should be one or two circular saws, a band-
gaw, and a good “ general joiner ” machine.



CHAPTER XII

M.TERIALS USED IN MOULDING.

TaE principal materials used in the various branches of moulding
are—sand of various kinds, clay, blackening, coal-dust, and cow-
hair.

The material of which the mould is constructed must allow of
the passage of air and gases which are generated within it at the
time of pouring, but must also be of a sufficiently compact nature to
resist the pressure of the liquid metal, and to prevent its exuding
through the pores. It must be capable of bearing the very high
temperature at which iron is poured without being affected by it,
and it must not be of a nature likely to set up any chewical action
with the molten metal. It must be easy to part from the casting,
and must give a clean, smooth surface to it.

Sand is superior to all other substances as a material for
forming moulds generaliy. For, in the first place, the hot iron has
no chemical action upon it, though, certainly, it acts upon the
matters which it is found necessary to associate with it, namely,
blackening and coal. But, secondly, sand acts well as a conducting
medium for the air expelled from the space filled by the iron, and
for the other gases generated by the action of the heat on the
blackening and the coal. And, thirdly, it possesses considerable
adhesiveness when rammed together, sufficient, indeed, to make
it retain its form against the pressure of the melted iron ; and,
moreover, it is easily made to conform itself very accurately to the
surface of the pattern imbedded in it.

The locality of many an important foundry has been determined
by the proximity of suitable moulding saud in large quantities,
for it is evident, that a great deal of the success of the casting
operations, depends upon the sclection of the proper moulding sand,
and upon its preparation for use.
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The higher the temperature of the metal to be cast—such as for
instance the moulds for steel castings—the more difficult it becomes
to comply with the necessary conditions in the sand. Cast iron is
poured at & higher temperature than most other metals which are
cast, except steel, the moulds for which are prepared in a special
manner.

Confining our attention at present to sand for use in moulds
for cast irom, it consists principally of silica, magnesia, alumina,
metallic oxides, and lime ; and upon the varied proportions of these,
with occasional admixtures of other substances, the quality of the
sand depends.

A large proportion of silica gives a refractory sand, but beyond
a certain percentage the cohesion is so much lessened that it is
difficult to form the sand into a compact mould, as it cracks in dry-
ing, and is not therefore impervious to the liquid metal.

The magnesia and alumina are useful, as they render the sand
plastic and cohesive.

Magnesia is very refractory, and cements the sand very tho-
roughly, so much so, indeed, that if it exists in too large a quantity
the porous nature of the mould will be lost—a result most carefully
to be avoided.

Alumina, from its tendency to vitrify at high temperatures, is
also to be avoided in large proportions.

Metallic oxides impair the refractory quality of the sand; a
sand, therefore, which contains more than 4 per cent. should be
rejected. Lime, if it exists even to the extent of 1 per cent., is
equally objectionable.

Consequently the principal element of a good sand should be
silica, with a little magnesia or alumina.

Sheffield ganister, which is used for lining the Bessemer
converters, contains about 85 per cent. of silica, the remaining
constituents being magnesia and alumina in nearly equal parts.

Sands for stove-dried moulds have generally more alumina and
oxides in their composition.

The best moulding sands to be found in England occur in the
coal-measures, and in the new red sandstone ; but very fair mould-
ing sands are to be found in the greensand, chalks, and also above
these.
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The sand of the London basin is also among the finest in the
country. It is universally employed in the manufacture of fine
goods, as grates, fenders, and the like. The sand in the neighbour-
hood of Falkirk is coarser and more open in the pores, which unfits
it for such work. It is employed for casting hollow ware—pots and
kettles, for example—as the enclosed air escapes freely through
the inside body of the sand in the moulding of such articles. It
affords a beautiful smooth skin to the castings from Scotch iron,
so remarkable in the hollow goods of the Carron Iron Works
and other ironworks in Stirlingshire, also those of the Saracen
Iron Works, Milton Iron Works, and other well-known foundries
in and around Glasgow. The Belfast sand is finer than that
from Falkirk, and is used principally for fine machinery castings.
It is also sometimes used for facing the moulds of ornameutal
work, to give a fine surface. It is, besides, excellent for hollow
moulding, when it is fixed with the Falkirk sand; but it is too
expensive for general adoption in that way. It is a mixture of a
very fine adhesive sand and one of a more open kind. Derbyshire,
Shropshire, Lancashire, and Cheshire produce excellent sands.

As sand from the new red sandstone possesses the quality of
durability, it is generally preferred ; that which has not been long
exposed to the action of the atmosphere is considered the best, and
occasionally the softer layers of the red sandstone itself are ground
up in the loam-mill, and sifted ; sand thus obtained is supposed to
have a more crystalline texture than that dug from the superficial
sand-pits.

In County Down, Ireland, they obtain red sands from the
new red sandstone. Good sands are also found in Lanarkshire
in Scotland. In France the sands are obtained from the tertiary
formations ; while in Germany they use different kinds, but princi-
pally red sands from the new red sandstone. For facing-sand,
they mix fine-grained quartz sand with ground-up old steel
crucibles, moistened with a little clay-wash. The whole is gronnd
and mixed with anthracite coal-dust! For moulds for cast steel,
_ it is necessary to make a special facing from infusible quartz sand
and clay.

Rock sand, the débris of abraded rock, and free sand from
the sea-shore, are employed for making cores. The former by
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itself does very well for short cores which open into the sand of
the mouldings at both ends, as it contains a proportion of clay in
its composition, which gives it cohesion. But it requires to be
moderated with free sand, to make it more open for the better
escape of the air in its pores, when used for cores of considerable
length, which, of course are surrounded on all sides by the iren,
except at the small portions of the extremijties, by which alone the
air can find exit. Free sand is also used alone for such cores, but
it wants adhesiveness ; it requires to be tempered with clay-water,
barm, or the refuse of peasemeal. In the use of the last, accuracy
i8 required in proportioning it. The first is used in ordinary cases,
and the barm only in very particular cases.

In selecting sand it is necessary to avoid that which contains
crystals of gypsum; if it coutains salt it must be thoroughly
washed before use. ,

Felspar, chalk, iron pyrites, and coal must also be carefully
avoided.

One great desideratum is, that these sands should not be liable
to what is called “ burning” in use, when they will only do duty
once with any safety. This defect arises from the crystals in the
sand not being sufficiently refractory to stand a high temperature,
owing to which they break up into fine dust, which, if wetted and
used again, will set in a close and compact mass, and spoil the casting.

Parting Sand, as its name implies, is used to prevent the
various parts of a mould to be afterwards separated from adhering
to each other; it should be of a lighter colour than ordinary
moulding sand, fine grained, and uniform in texture, free from
salt and chalky matter. Red brick-dust, fresh free sand, or blast
furnace cinder, finely ground, may be used; in any case the
substance used must not be one that retains moisture.

Moulding Sand for greensand moulds, as distinguished from
the natural rock sand referred to, is composed chiefly of the lutter
with a proportion of ground coal (or charcoal) dust added to it.
These two materials must be thoroughly mixed throughout, and
afterwards maintained in a suitably damp state, so that the sand
mixture now produced may have the necessary binding properties
that will enable it to rctain any moulded form imparted to it, and
further, resist the washing action of the molten metal during the
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casting process. In ordinary practice, however, for economical
reasons, moulding sand is rarely made up entirely of new rock
sand and coal-dust as described, except for those portions of the
mould next to the surface of the pattern; the latter stronger
mixture of sand is therefore called facing sand. The remaining
space in the moulding box is then filled up with ordinary black
sand from the foundry floor, which has already been in use and
emptied out from the moulding boxes in a somewhat dried condi-
tion. This dried, and, therefore, dusty sand, before it can be used
again has to be sufficiently watered and thoroughly mixed by
turning over and over with a shovel; this mixing operation is
generally the first thing the moulders have to do in the morning,
unless it has been already carried out by labourers during the night ;
the latter method being often adopted in the larger foundries in
order to increase the output, by avoiding the considerable loss of
moulders’ time in doing essentially labourers’ work.

Facing sand, for green-sand moulds as already indicated, is
made up from new rock sand, with coal-dust added to it, and so
specislly prepared each day by one man set apart for that purpose.
For proper mixing, the sand and coal-dust in the first place are
laid on top of each other in alternate layers so as to form a mound,
the size of which will, of course, depend on the amount of facing
sand required. The man referred to then makes a vertical cut
through the mound of sand and coal-dust; that portion of the
mixture separated being turned over once or twice with his shovel,
is then thrown into a riddle driven either by belt power or by
band. When the sand has thus passed through a suituble riddle it
is considered ready for use. A careful moulder, however, will
generally pass the facing sand again through a finer hand riddle
or sieve held over the pattern; this is especially desirable for fine
or ornamental work.

In making the foregoing sand mixtures it is desirable, for
economical reasons, that the black floor sand be used up as far as
possible in order to reduce the quantity and corresponding expense
of new rock sand, the excess of which over the quantity of sand
usually carted away would ultimately lead to an inconvenient
elevation of the foundry floor level, apart from the additional
expense of carting away the excess sand referred to.

U
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The proportion of carbonaceous matter added in the form of
coal-dust to the facing sand varies, and will depend on the quality
of sand and also on the nature of the work for which it is applied.
Generally speaking, however, the following proportions will be
found good practice for green-sand mould facing sand :—

‘Facing Sawvp No. 1.

Black floor sand .. .. <« e« . 10 parts.
New rock sand (good quahty) B
Coal-dust.. .. S T

The proportion of sand to coal-dust may vary from 10 to 20
of sand to 1 of coal-dust. The proportions of these materials
will, of course, be better and more satisfactory when obtained from
personal experience and observations from time to time.

With some kinds of work it may be observed that coal-dust
in the facing sand has an effect on the casting, similar in appear-
ance to that of cold-short, is due to an excess of gas generated
from the coal-dust during the casting process. This effect is
especially noticeable at the teeth of small spur wheels having a
fine pitch, by reason of which the teeth are not so well defined as
desirable. To obviate such defects the facing sand should have no
coal-dust in it; Belfast red sand being used instead, in something
like the following proportions :—

Facive 8axp No. 2.

Black floor sand .. ee +« e« < . 3parts.
Rock sand (good quahty) F -
Belfastredsand .. .. .. .. . . . 2,

Coal-dust in the sand for green-sand moulds is necessary, in
arder that the moulds may become more porous during the casting
process, when the sand and clay (forming the binding elements)
become intensely heated and perfectly desiccated or dried up by
the heat of the flowing metal. That portion of the coal-dust
contiguous to the casting undergoes a chemical change or is
burned out, necessitating the addition of coal-dust to that portion
of the sand mould next to the pattern, which has again to resist the
direct influence of the liquid metal in contact with it. The sand
thus prepared, as already pointed out, is known as facing sand.

The foregoing mixture (facing sand No. 2) is very commonly
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used for moulds throughout without the use of other facing sand;
when for light castings or those made in small hand boxes. This
sand is comparatively fine, and, like all other mixtures, becomes
black by using it over and over again; it requires renewing, how-
ever, or strengthening every three or four days, by the addition of
a small quantity of rock and red sand, in the same proportions as
that just stated.

In green-sand moulds for gun-metal or brass casting generally,
the sand used should be entirely free from rock sand, neither should
coal-dust be used, as is the case in green-sand moulds for iron
castings, because these latter materials, when contained to any
extent in the brass moulder’s sand, will produce castings which are
very rough and coarse, owing to the coarseness and nature of the
sand generally.

The sand which seems to give the best results in green-sand
moulds for ordinary brass castings is obtained from Belfast. It
has a very fine grain, makes a sufficiently strong mould, which,
when necessary, may be patched or dressed with comparative ease.
Iis colour being decidedly red, this sand is easily distinguished from
any others, and is known in the trade as “ Belfast sand.” In
ordinary practice it is used over and over again, so that it becomes
even finer in the grain and more suitable for certain kinds of cast-
ings. It is usual, however, to add fresh sand every four or five
days, in order to retain the required properties, and at the same
time make up for the loss which takes place, by a small proportion
of the sand being carried away on the castings each day, and
afterwards removed or cleaned off by the dresser.

Rock-sand mixtures of the following proportions are also used
by brass moulders, when for producing the heavier class of castings,
the moulds for which are dried, the same as dry-sand moulds for
iron castings.

Rock sand (mew) .. .. .. .. .. .. .. 1part
Rock sand (previously used in dry-sand moulds) 3 parts.

Cores for brass castings, which are previously dried, are often
made from the foregoing mixtures, with the addition of wooden saw-
dust mixed throughout, the effect of which is to make the core more
porous, so that the gases may pass off more freely when casting.

U 2
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Belfast red sand, with the addition of core gum, is also used for
the very small cores. In the brass foundry these are also dried
before using.

London sand, of a white or yellowish colour, is sometimes used
in Sootland, especially in the east or Edinburgh districts, instead
of the Belfast red sand referred to.

The sand mixtures used for making moulds, which are subse-
quently dried in stoves previous to the casting process, are of a very
different nature and quality from those used for green-sand moulds
just referred to; and therefore require different treatment in the
hands of the moulder, the special knowledge of which coustitutes
what is known in the trade as & * dry-sand moulder.”

Ag in the case of sand mixtures for green-sand moulds, the
facing sand in dry-sand moulding is of a stronger quality than
that used for filling-up purposes ; the quality of the latter mixture
being, of course, less important, and, therefore, made up of less
expensive materials.

The following proportions will be found suitable for dry-sand

moulds :(— .
FILLING-UP SAND.

Floor sand (previously used for dry-sand moulds) 1 part.

Dried loam powdered down ..

Rock sand (good quality) .. .. .. .. .. 2 parts
Facing Sanp.

Dried loam powdered down e« e« .=« 1part

Rock sand (good quality) .. .. .. .. .. 2,

The latter mixture, it will be seen, is the same as that for
filling up, except that no floor sand is used. In each case the sand
should be slightly watered, in order that it may work well in the
finishing process.

Core Sand for Dry-sand Moulds.

This sand is usually of less strength than those mixtures just
referred to, the composition being as follows :—

Rock sand (good gllallfy) . 1 part.
Floor sand, already used and emptled “from dryaand
mouldlng boxes .. } 1,

This latter mixture is often used in dry-sand moulds for plain
and otherwise simple castings. It is not so suitable, however, for
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the skinning or sleeking of the blacking after the latter is laid on,
owing to the inferior cohesive or binding quality of the sand, which
causes it and the blacking to lift readily and cling to the sleeker or
trowel, therefore demanding additional care from the moulder, who
finds it advisable in most cases to cover the pattern with about 1 inch
in thickness of stronger facing sand passed through a hand riddle
previous to filling up the remaining space in the moulding box with
sand of the inferior quelity just referred to.

Strong Clay-water is sometimes added to the already used
sand emptied from the dry-sand moulding boxes, tnstead of adding
new rock sand as in the mixtures already described. The principal
object in using clay-water is to reduce the cost of the sand mix-
ture thus produced ; the value of which will be more apparent the
greater the quantity of sand required. The clay-water is usually
added when the sand is newly emptied and still hot. During this
process it should be well turned over by means of shovels or rakers
until thoroughly mixed ; after which it should be passed through a
suitable riddle. In such a practice it is usually found necessary
to strengthen or renew this mixture of sand by adding a quantity
of new rock sand from time to time, and at different periods, vary-
ing according to the requirements and experience of the moulder
in charge.

The following composition of clay and sand will be found to
give a very strong mixture suitable for resisting the heavy fall or
wash of metal which sometimes takes place, especially at the deeper
parts of a mould : —

Floor sand, emptied from dry-sand moulding boxes .. .. 3 parts.
Clay, pure, and of good quality .. .. .. .. .. . 1,
Rock sand of good quality .. .. .. .. .. .. . 3 ,

A sufficient quantity of water, preferably thickened by means
of fine clay, is necessarily added during the mixing or grinding
process in the mill. The completion of this proccss and quality
of sand produced is now ascertained by simply taking a handful of
the sand and compressing it slightly. The binding properties of
the mixture are now fairly well indicated to an experienced moulder
by the nature and resistance offered when breaking or separating
the sample into pieces again.
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Sand mixtures for dry-sand moulds, it will have been seen, are
always free from admixture of blacking, coal-dust, or other inflam-
mable materials, perishable by fire during the drying process. Such
mixtures must, however, have a fine grain, and when thoroughly
dried, be sufficiently open in the grain to permit the free escape
of the gases generated during the casting proce-s by the intense
heat of the molten metal.

Loam.—After sand, loam is the founder's greatmaterial. As with
fire-clays, a chemical analysis of all loams and clays should be obtained
before any large purchases of these materials are made. An experi-
enced moulder will generally be abla to form a pretty correct judg-
ment as to the qualities of these articles, testing them by observing
their plasticity or capacity for taking and retaining impressions.

The clay generally used is either calcareous or ferruginous ;
when it contains a considerable proportion of sand, the mixture
is called loam. At a red-heat these sutstances part with their com-
bined water ; most of the chalky clays fuse at the melting point of
cast iron, or become vitrified.

The ferruginous clays, or such as contain alumina and silica, are
more refractory. Pyrites and limestone are objectionable in clay or
loam, and flinty pebbles should also be removed before the clay is
ground in the mill.

The clay should not be allowed to get hard and dry in the store
or stack, as it is much more diflicult to get it to a preper con-
sistency afterwards. Lime and alkalies are to be avoided, and any
clay containing more than about 5 per cent. of carbonate of lime
should be rejected.

In cases where a foundry possesses its own clay-pit, the clay is
frequently “ weathered ” by being cut up and exposed to the action
of the winter’s frost, until it is required to be ground and mixed ;
this somewhat facilitates the latter operations.

Clays which do not contain any sand require to have some
ground in and mixed with them ; nearly every clay requires a
certain proportion of sand added to it, in order that the loam may
have the necessary porosity. To increasc the strength of loam,
and at the same time maintain the desired porosity, various other
substances have been used with more or less success. Amongst
the most important of these may be mentioned, powdered coal and
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coke, horse-dung, straw chaff, plasterers’ hair, bran and chopped
tow. These materials, when added, must be thoroughly mixed
throughout, care being taken not to have them cut up or ground
too fine in the mortar mill, as by doing so the loam produced will
have lost much of its binding power.

Black loam, as it is usually termed, is a comparatively cheap
quality of loam, having strong binding or cohesive properties,
which make it suitable for various purposes in so-called loam
moulding, such as for brickwork setting, in which it serves as
mortar. The first coating of loam for round cores, which requires
to be strong, is also made from black loam. The final sealing up
of cracks and other spaces where metal might escape, such as at
box partings, &c., is also done with black loam. When certain
portions of the brick building in loam work are likely to be cut or
shaped afterwards by the moulder, or when narrow portions, such
as often occur in the building of a loam mould or core, the proper
venting is obtained by building these parts with a comparatively
soft brick made from black loam. These can readily be made in
the foundry, of any desired form, by means of specially made
wooden boxes or moulds for the purpose.

The following composition of black loam will be found to give
the desired binding properties :—

Black sand from the jobbing foundry floor .. 18 parts.
Pure clay, of good quality .. .. .

”

Water should be added during the grinding or milling process,
until it has reached the desired plastic or loamy condition.

Burnt core is sometimes used for producing black loam, but
owing to its hardness the grinding process takes much longer, and
it is therefore more expensive, and not so generally adopted, esje-
cially when sufficient floor-sand is available.

Roughing loam is the quality used for first coating the brick-
work of a loam mould or core. It should be comparatively strong,
yet open when dried, for the free escape of the gases formed during
the casting process. The following composition gives the desired
properties—

Sharp or river sand (coarse).. .. .. .. 12 parts.
Clay, pure, and of good quality .. .. .. 3tod ,,
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Owing to the amount of clay used, the first coating of loam
shrinks or contracts considerably by the heat to which it is ex-
posed during the first drying. It is, therefore, necessary to re-coat
the surface, with what is known as second coat or finishing loam.

Second or finishing coat of loam, it will be seen, must be of
a nature that shrinks less and does not crack in the drying. The

proportion of clay is therefore reduced, and fine sharp sand added
in the following proportions :—

Fine sharp sand .. .. .« +« « o 10 parts.
Coarse, sharp or river sand .
Pure clay, of good quality .. .. .. .. .. 3 ,

Still another quality of loam is that used for special work, such
a8 when the loam is intended to adhere to the metal surfaces of
collapsible core-bars, without the use of straw rope. These core-
bars require to be sufficiently heated, in order that the loam may
adhere properly. This kind of loam must therefore contain a con-
siderable proportion of clay, as seen by the following composition,
by reason of which the coating becomes badly cracked in the
drying resulting from shrinkage. A second coating of loam is
therefore required, as in the previous examples.

The composition of loam just referred to is as follows : —

Coarse, sharp sand or gravel (from river beds) .. 2 parts.

Pure clay, of good quality . .o 2
Chaffor mill seeds .. .. .. .. .. .. . 2

”

While it has been considered advisable to give the foregoing
proportions, and materials used in moulding sand and loam mix-
tures, which are available and considered good practice throughout
the Clyde and Lanarkshire districts, it must always be left for
each founder to consider for himself what are the best materials
available in his particular district, also the most suitable mixtures
to adopt. The proportions for the latter will depend chiefly on the
quality of sand and clay available, and the relative cost of these
materials when delivered into his works.

The loam mill-men, in addition to making the various kinds of
loam indicated, are also required to grind and mix such materials
as the following :—

Fire-clay mizture for setting fire-brick, used for the daily
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repairs to the cupola lining, or other refractory linings such as

stove fires, etc.
Fire-clay (pure).. .. .. .. « .o .« . 2parts
Black loam .. .. .. .. . .. . .

»

It is, however, not always found economical to mix the fire-clay
with black sand as siated ; pure fire-clay being found the most
serviceable ; in either case the preparing and mixing up is much
better accomplished in the pan mill.

Clay mizture, used for inaking tapping-hole plugs, is also best
made in the pan mill. These plugs must resist the heat of molten
metal without becoming too hard, and at the same time be of such
a nature that they can readily be picked out just us more melted
metal is required. A good composition is as follows, all mixed and
ground together in the mill :—

MiIxTURE YOR MAKING TAPPING-HOLE Prtas.

Pure clay, of good thty we ee ee ee e dparts.
Mineral blacking e e e e »
Coal-dust .. .. .. .. . o o o oo 2,
Fire-clay (pure) .. .. .. .. .. . .. .. 10 ,

The annoyance and delay often experienced, owing to the
difficulty of penetrating these plugs, is generally due to its having
become baked excessively hard by the heat of the molten metal
against it. This naturally makes the furnace-man, who may be
blamed for such delays, very particular as to the composition of
material for making the plugs which he uses.

In addition to the special preparations of moulding sand and
loam referred to in the foregoing, it is necessary, in order to
produce a good clean surfaced casting, that the face or surface of
the mould be prepared with some combustible substance, such as
blacking, which will enable the mould to better resist the penetrat-
ing action of the hot liquid metal; as where the liquid metal is
allowed to come into direct contact with the sand of the mould, a
portion may combine with the sand to form a fusible compound
(silicate of iron), which enters the minute spaces or interstices of
the sand, so as to yield but a rough-surfaced casting.

In green-sand moulds the blacking is applied in the powdered
state, by shaking it through a suitably porous bag, held over the
surfaces to be coated. It is generally afterwards pressed down and
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smoothed by means of suitable metal sleekers, so as to make the
blacking form a skin which will adhere better to the sand at the
surface of the mould, and by reason of which it will better resist
the wash of the molten metal. Nevertheless, a portion of the
blacking thus laid on is always carried away by the wash of metal,
and being a comparatively light substance, it ultimately gets to the
top or highest parts of the mould, where its presence will be indi-
cated at the corresponding parts of the casting, by a peculiar surface
appearance similar to that resulting from the use of dull or cold
run metal. This, of course, is objectionable in a casting, and to
avoid it a8 much as possible, the tcp parts or highest surfaces of
green-sand moulds are sometimes left without a coat of blacking;
these parts being often found afterwards to have been sufficiently
coated and protected from the metal by the blacking which gathers
there and is transferred thereto from other parts of the mould by
the wash of the molten metal during the casting process.

In lvam and dry-sand moulds the blacking is applied in a liquid
condition, by painting it on with a soft hair brush or swab made
of loose hemp, the desired density being obtained by the addition
of clay or thickened clay-water, the usual consistence of which
corresponds to that of good thick cream. Before proceeding to
blacking & loam mould after being skin dried, its surface is usually
slightly wetted in order to fucilitate the finishing and sleeking
process, necessary for the production of good clean and sharply
defined castings. The various shapes of metal sleekers generally
used, are those shown at a, b, ¢, d, ete., Fig. 105, page 31x.

The essential property of blacking, as a protector of the sand
forming the surface of a mould from the scorching or burning
tendency of the molten metal, is due to its inflammability, or that
property by reason of which, when exposed to high temperatures
such as that of molten metal, gases are evolved, which if not allowed
to escape too freely will form a separating surface film or strata
between the metal surfaces and the sand, the heat-conducting
property of which is sufliviently low to prevent burning of the sand.
"This nou-condueting property of the gases evolved, is exemplified
by allowing drops of liquid cast-iron to fall on a smooth surface of
wood, without the latter being seriously indented or disfigured
by burning, as at first might have been expected—the action of
the iron drops being rather like drops of cold mercury, by formiug
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info small spheres which dart about with the slightest movement.
The reason (in the case of drops of liquid metal) is partly due to
the immediate production of gas from the wood by the heat of the
adjacent drop of metal and by which the latter is supported, so
as to prevent direct contact, until the metal has cooled down
sufficiently that it ceases to generate gas.

When comparatively heavy castings are made in green-sand
moulds, the action of the prolonged heat from the molten metal,
may overcome the amount of blacking used to form the protecting
skin, or surface of mould. In such cases it becomes necessary to
further resist the penetrating and scorching effects of the liquid
metal by adding a greater proportion of coal-dust, and mixing it
throughout the moulding sand used.

* For heavy castings in dry-sand or loam moulds, the thickness
of the blacking or blackwash coating should be correspondingly
increased, in order thut the moulded surfaces in contact with the
molten metal may be better able to resist the greater scorching
tendencies resulting from the lengthened period of exposure, dne
to the comparatively slow rate of cooling when the casting is of
considerable thickness, and correspondingly heavy ; the sand form-
ing the moulds, and especially that forming the facings, in such
cases must also be itself of a sufficiently refractory quality to
obtain good results.

The use of blacking, although desirable and necessary for the
production of good clean-skinned iron castings, such as are required
for machinery and engine work generally, may be dispeused with
to a considerable extent, or even entirely, in the production of
many other kinds of castings which are subsequently unseen by
being buried in brickwork, masonry, or under the ground, and in
which castings strength is the essential element, while the quality
or fineness of the surface is of little or no importance, so long as
it is regular in thickness, and solid metal throughout.

When castings such as flanged plates for tunnel lining are re-
quired the qnantity is usually very great, so that any unnecessary
refinement means a correspondingly considerable increase in the
total cost of the undertaking as a whole. The moulds, therefore,
for tunnel plate castings in green-sand, need not be blackened,
except at those parts of the surface immediately bzlow the gate-
holes or metal-runners, where the addition of a patch of blacking will
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enable these parts better to resist the continued wash action of the
metal as it drops from the runners, until the metal has filled the
mould ; without these patches of blacking the mould at these
parts soon becomes scorched, so that pieces of sand are likely to be
detached therefrom, in which event such pieces rise to the top of
the mould and lodge there, producing what is termed sand holes
in the casting, by reason of which it may be unfit for use, and be
condemned.

The surfaces of such plate castings are generally comparatively
coarse, owing to sand adhering to them ; when they are brushed
properly, however, although somewhat more gritty than those of
castings from moulds having their surfaces carefully prepared with
blacking, they are still essentially as good, because they are quite
ag true, regular in thickness, and otherwise perfect throughout.

Saxp axp Loam Mixine.

For the purposes of mixing and grinding of the different kinds
of loam and sand mixtures indicated, various types of machines are
now in use.

For sand mixing there are many different forms of riddles,
beginning with the band riddle for small quantities, or where
specially fine sand is required. When a considerable quantity of
sand is used daily, a very common type of riddle arranged for belt
driving is that shown in Fig. 93, the vertical spindle of which
runs about 100 revolutions per minute, with a corresponding num-
ber of oscillations to the riddle. This machine consists generally
of two separate screens, 3 inches apart, each with a surface of from
8 to 10 square feet, made up of ! inch wire so as to form # inch
square holes, or two meshes per inch, and capable of dealing with
20 to 25 cwt. of sand per hour. The sand after passing through
this machine is again passed through a finer hand riddle of four
meshes per inch, when transferring it to the barrows for distribu-
tion. The fineness of the sand produced in this manner will be
suitable for good general castings; a still finer riddle being some-
times used at the job if the casting to be produced is particularly
intricate or finely ornamental.

With large riddles of the foregoing type the effect of the vibra-
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tions become excessive—so much so that ultimately the wall fasten-
ings and even the building itself become loosened and difficult to
keep in good repair. In such cases it may be found advisable to
adopt a revolving type of riddle, such as that shown in Fig. 94, by
which all vibrations are entirely avoided, aud at the same time the
sand is mixed and broken up even better than by the oscillating
type shown in Fig. 93. As indicating the rate at which sand can
be mixed by, and passed through the revolving type of riddle

Fic. 93.

(Fig. 94), take, for example, a riddle with a revolving barrel of
3 feet diameter and 4 feet long, made up of longitudinal bars % inch
diameter, pitched so as to give a space of 3 of an inch between
each, and slightly inclined, as shown, in order to facilitate the

downward passage of the sand, and proper distribution of same. :::.
With this machine running at from 15 to 20 revolutions per:"-' ;

minute, 10 cwt. of sand dumped into it through the shoot, passed':.
through the riddle bars in one minute, thoroughly mixed.

It will be seen then that by means of some automatic butket:
feed arrangement, such as that shown in Fig. 94, which is at the
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same time suitable for transferring and raising the sand from a
lower to a higher level in regular bucketfuls, even a smaller

Fia. 94.

riddle than that referred to is capable of dealing with considerable
quantities of sand. Fig. 95 shows another arrangement of re-

Fic. 95.

volvihg riddle, consisting of six flat-
sided screens mounted on cast-iron
end framing, fitted with shaft for
direct belt drive.

The speed of revolving riddles,
it should be noted, is limited, owing
to the centrifugal action, by which
the sand at excessive speeds, would
cling all round the interior, and shoot
out in every direction.

Another type of revolving sand-
mixing machine having distinctive

: po'nts worthy of consideration is that shown at A and B, Fig. 96.
In this machine the mixing operation is the result of centrifugal
force.  For this purpose the vertical spindle V S is made to revolve
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at a considerable speed, the power for which is applied by means of
a belt running horizontally over the pulley P shown. The essential
or mixing portion of this machine consists of & horizontal disc DD
keyed to the top end of vertical spindle, the disc being fitted as
shown with vertical spikes or pins S arranged in concentric circles.
The cover and bell-mouthed shoot B M is hinged at H, so that it can
be readily thrown open for inspection of the interior. The sand to
be mixed is thrown into the bellmouthed feeder B M, leading to the
central portion of the revoiving disc D. When it reaches the disc,

it takes up the circular motion, by reason of which it acquires centri-
fugal force or energy, aud being free to move outward, the various
particles are thus made to take up a gradually increasing linear
velocity, until, when it has reached the outer edge of the revolving
plate D, where the velocity is greatest, the centrifugal force which
is correspondingly now at its greatest, causes the sand particles to
be finally dashed and broken up against the outer circular wall C W,
which arrests its outward motion, and causes it then to fall verti-
cally through the annular space left between the outer wall C W
and the top part of pedestal as shown. The breaking-up action
just referred to, it will be seen, is very much assisted by the
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arrangement of spikes or pins shown, by means of which the par-
ticles of sand are retarded in their outward course, and receive
thereby a series of shocks or blows in succession, before they reach
the outer wall C W.

It is claimed that the sand particles broken up and mixed in
the manner described are much sharper and therefore become more
cohesive, than by the usual processes in which the particles are
mixed by a process more of the nature of rubbing the particles
against each other, and causing them to be more or less rounded at
their edges. In order to show the difference in results obtained the
makers of the machine illustrated in Fig. 96 have taken ssmples

FiG. 97.

of sand after treatment in their machine, as well as after treatment
in the ordinary riddle. Both of these samples when examined
under a microscope are said to present the marked difference in
appearance illustrated at A and B, Fig. 97, in which A represents
moulder’s sand after treatment in the centrifugal machine, Fig. 96 ;
B represents the same sand after treatment in an ordinary riddle,
such as that shown in Fig. 93. The sample represented at A
indicates that the particles or grains of sand bave been broken up
so as to leave the broken edges sharp, while the ordinary riddling
effect represented at B indicates that the grains of sand have
merely been rubbed against each other, <o that they have become
more rounded at the various corners and edges.
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By the former and never method of mixing represented at A
the sand should become finer, stronger or more binding, and, at the
same time, more favourable for the free passage or escape of the
gases formed during the casting process.

In ordinary practice, however, the sand is ofteuer treated by
riddling, or by grinding in the ordinary pan mill, by which latter
the sand in passing through below the heavy rollers has its grains
broken up so that when examined under the microscope they will
no doubt exhibit, to a considerable extent, the general sharpness
represented at A.

Pan mills now in use have various forms of rollers in order to
improve their efficiency, for the different kinds of materials treated.

Fic. 98.

The gearing in some types has been removed from the more
common overhead position to underneath the revolving pan, as
illustrated in Fig. 98. The attendant by this arrangement is less
exposed to danger in the event of the gear breaking down.

In an crdinary pan mill the rollers should be cast in chills, as
in the case of car wheels, in order that they may stand the exces-
sive grinding to which they are subjected. They may be cast
either hollow or solid according to the weight required to deal
properly with the substances treated. These rollers, on account of
the excessive wear, should have their centres fitted with a liner or
bush, their rims also should be made separate, as shown in Fig. 98,
so that they may be readily removed and replaced. For the same
reason the revolving pan should be provided with a false hottom,

X
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made in halves, so that when worn too thin it may be replaced by a
new one without delay. By means of verlical guides on columns
at each end of the roller shait, the rollers, etc., are prevented from
. running round with the revolving pan, while at the same time these
guides provide for the automatic raising and lowering of the rollers
from the pan to an extent varying with the weight of the rollers
and the hardness of the material being ground. The rollers are
placed at different radial distances from the centre of the pan, so
that, as the latter revolves, each roller moves in a separate path, and
there are scrapers fixed inside the pan, which turn the contents
over and over, and direct them towards the rollers.

In some places separate mills ure used for mixing after the
grinding of the materials has been performed separately. The
vertical rollers are then replaced by discs having a number of arms
projecting from their side surfaces, so that as they revolve these
arms turn the ingredients over and over in the pan, and thoroughly
mingle them.

With an ordinary pan or mortar mill of the following dimen-
sions : —

Revolving pans, 16 feet 6 inches diameter and 14 inches deep.

Two heavy rollers (solid), each 3 feet 6 inches diameter and
12 inches broad.

Speed of revolving pan, 16 revolutions per minute.

Horizontal shaft carrying the two rollers all free to move in a
vertical direction, in order that they may accommodate themselves
to extreme variations in thickness or hardness of the materials
under treatment. Two men are capable of charging the clay and
sand, also doing the necessary riddling and superintending required
during the mixing, grinding of the loam, and discharging same at
the rate of from 2 to 2} tons (the full capacity of pan) in from
2 to 2§ hours. That is approximately an average of one ton of
loam produced per hour during each working hour throughout
the day. :

MouLpers' Brackixag axp Prumsaco.

The importance of blacking in the production of good clean
castings, demands that we should here refer in some detail to the
various kinds of blacking, &c., now in use.
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Wood or Charcoal Blacking varies considerably in quality.
The best, however, is that made from thoroughly carbonised oak.
To obtain it pure is next to impossible, it being generally mixed
more or less with other hard wood chars. Wood blacking, although
perhaps, the earliest quality of blacking, has now been superseded
for certain kinds of works by others. Owing to the liability of
wood blacking to become burned, it is less suited for loam and dry-
sand moulds, which require to go through the process of drying,
and are, therefore, exposed to the fire. Wood blacking, however,
i8 still extensively used, especially for green-sand moulds.

Oak charcoal being expensive, many attempts have been made
to substitute other materials for blackening; none of these have
been very much ewployed except carbonised peat. A method
of treating peat for this purpose was described by Mr. C. E. Hall
in a paper read before the Society of Engineers in 1876, and it
was then stated that peat blackening had been used for light and
heavy castings and cores, with marked success.

Patent Blacking was first introduced about thirty years ago
by the still well-known Glasgow Patent Moulders’ Blacking Com-
pany ; it is essentially pure carbon produced by the distillation of
peraffin oil. This quality of blacking is now used for all classes
of work. including green-rand, dry-sand, and loamn moulds; also
moulds for steel, malleable, cast and gun-metal castings. The
important properties of this so-called patent blacking us compared
with ordinary blacking, are that it mixes readily, does not scale,
blister or burn in the drying stoves, even when exposed to un-
usually high heats. Along with these it will be found that less
patent blacking is necessary to produce good results.

Méineral Carbon Blacking iz usually produced from gas-works
char, and is, therefore, a much cheaper quality of blacking ; it is
extensively used when a fine skinned casting is not of so much
importance, it is used also extensively in dry sand and loam
moulds, as it is not so readily affected by the heat in drying, and,
therefore, gives comparatively good results.

Plumbago Blacking, or as it is sometimes called “ black lead,”
is obtained in Ceylon chiefly. This quality must not be con-
founded, however, with the * black lead” or “graphite ” used in
the manufacture of pencils, grate polish, &ec.; the former is

X 2
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insoluble in water, although when finely ground it mixes with
it readily, while the other is perfectly miscible in water. Generally
speaking, plumbago is only used when it is especially desirable to
have a fine-looking surface on casting; in such cases it is used
only partially and in conjunctlon wnth ordmn.ry blacking. For
green-sand work the mould is blackened in the usual manuer, and
afterwards dasted over slightly with plumbago. Moulds treated
in this manner are more easily sleeked, and their surfaces bave a
pronounced metallic lustre which is partially imparted to the
castings. Plumbago is seldom used by itself, and is much more
expensive than common blacking.

Terra Flake is a whitish powder derived principally from the
mines in Germany and Italy. It is chiefly used for light castings,
or where it is dark.

Steelina is simply a composition of terra flake ”’ and * plum-
bago,” the price of which is correspondingly cheaper than
plumbago.

Black Lead or Graphite is sometimes used to make a black
wash, but this is principally done in the production of steel cast-
ings and ingot moulds.

Coke-dust is produced from ground foundry coke, and serves
as a cheap form of blacking, principally used in England.

Many other forms of blacking might be referred to, but
geverally speaking, all of them are simply variations in the
combination of the different materials mentioned.

Coal dust is manufactured from coal, ground in different grades
to suit light and heavy castings in green-sand ; for which purpose
it is mixed with the moulding sand as already detailed, in order
that it may afterwards, during the casting process, be burned out,
and the space thus (previously occupied by the coal) left in the
sand makes the latter sufficiently porous for the free escape of the
gases, formed by the action of the hot metal during the casting
process. Good coal-dust should therefore burn quickly, and be
free from fire-clay, too often present ; in this manner a compara-
tively good clean skin is obtained on a casting made in a green-
sand mould.

Core Gum is derived from potato starch, and has a white or
yellowish floury appearance. It is largely used for making small
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cores such as for steam cylinders, &e., in which it is added to and
mixed with tho sand, and causes the core produced thereby to be
much stiffer and stronger. Core gum has also a similar effect to
that produced by coal-dust. In some cases, such as in moulds, for
rain-water goods, grate metal, &c., it is dusted on in order that
the ordinary blacking may adhere better.

Compositions for Steel Moulds are necessary, owing to the
excessively high temperature of molten steel, to resist which
ordinary moulding sand is quite nnsuitable. To produce a facing
sand sufliciently infusible or refractory, quartz is used mixed with
some of the more refractory clays, such as silicious ganister and
fire-clay wash; these are dried, screened, and afterwards mixed
with a suitable addition of coal-dust or ground charcoal. The
usual watering is, of course, necessary, in order that the mixture
may have the proper binding property.

Both charcoal and coal-dust are rather dangerous materials to
keep in store, especially the former, which ignites with great
facility in dry weather. 1t is, therefore, exceedingly advisable to
keep these combustible materials in a brick or stone vault, away
from any danger of an accidental spark, or the dropping of ash by
a careless man smoking a pipe.

Hay axp Straw Ropes.

Whatever doubts there may be regarding some of the physical
changes said to take place in cast iron, as it cools down from the
liquid to the solid state, it is a fact well known to founders and
others, that owing to contraction, & casting is always smaller than
the pattern off which the mould was made. In becoming smaller,
it has already been shown, that owing to variations in the rate of
cooling at different parts, the strains set up have been sufficient to
rupture and even split open the casting at certain points. This
gives evidence of extraordinary internal stress; an idea of the
magnitude of which is obtained from the sectional area of fracture
produced. It is, therefore, one of the chief considerations in the
construction of a mould, that at no part shall it hinder the free
contraction of the casting to its normal size. The parts of a mould
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requiring special attention in this respect, are the various cores ;
and it is the round cores and others more or less cylindrical, with
which we are at present more particularly interested.

In round or cylindrical cores made with loam, for dry sand and
loam moulds, the collapsible property already shown to be necessary
is obtained by winding hay or straw rope entirely over the metal
surface of the core bar (hay and hemp being used for the smallest
cores), and afterwards, coating it over with loam to the desired sizo.
It will at once be seen that by such means the finished core is to some
extent compressible. The collapsible property is, however, assisted
further during the casting process by the hot liquid metal igniting
the gases, also the readily inflamed straw rope: the latter being

Fra. 99.

often burned out entirely, leaving only the impression of its various
coils along the interior surface of the skin of the loam. Another
or partially consumed, the metal core bar is more easily withdrawn.
important feature in the use of straw rope is, that when completely
To further facilitate the removal of long cylindrical core bars, they
are sometimes fitted with mechanism by means of which the shell
forming the core bar is made to collapse.

Straw and hay ropes are usually spun by hand, and made in
lengths of from 20 to 40 yards, and varying in thickness from § to
1 inch diameter, according to the requirements.

One experienced man and boy are capable of turning out 240
balls (of 3-inch diameter rope) in one day of 10 hours, each ball
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being made up of one rope, measuring 40 yards long: the man
feeding the straw, while the boy continues the twisting process by
means of a breast brace, as shown in Fig. 99.

Fig. 100 shows the general arrangement of a machine intro-
duced for the same purpose, by means of which balls are made
automatically as the rope is spun, so that the usual long floor
space required in spinning by hand is unnecessary. Such machines,
however, are not in some cases considered of much advantage, either
as regards cost, or rate of production, as after all they require an
experienced feeder in constant attendance.

Fic. 100.

Recently, specially prepared wood has been introduced as u new
material intended to take the place of straw, in the production of
ropes for foundry purposes. 'T'he wood is in the form of long
narrow shavings, about {5 of an inch broad, and as thin almost as
paper, and is known as “ wood-wool.” The ropes as they are being
spun are made up into large cheese-shaped rolls or balls, and in
practice, owing in a great measure to the regularity of form and
thickness, they give good results; so that all that remains to
insure their success seems to be the cost, and this objection looks
like being overcome.
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Boxes aNp Frasks.

In processes of green-sand and dry-sand moulding, boxes or
flasks are always employed, the purpose of which is to contain the
sand in which the pattern is moulded. These boxes are, for con-
venience, of various sizes. If there be a great or constant demand
for castings of one form, boxes are made expressly for them,
corresponding in form. By this plan a saving of lnbour is effected,
as the ramming up of useless corners is avoided. For general
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purposes boxes are made rectangular, and in two halves, as shown
in Fig. 101. These boxes have neither top nor bottom, but euch
half box, or, more correctly, each box is composed of an outside
rectangular frame a b, which is generally 3, 4 or 5 inches deep,
for the lighter flat moulding. They have transverse ribs joining
the opposite sides at equal distances of 4} inches between them.
The object of their being open on the upper and under sides is to
allow the application of tools for ramming the sand in the box;
the ribs being at the same time sufficient as holding surfaces for
the sand, which is formed into a close and adhesive mass by the
ramming, and, in a manner, dovetailed into the ribs. The rougher
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therefore, these boxes can be made the better ; they hold the sand
more effectually, and accordingly, in casting the boxes themselves,
the patterns for them are simply laid in the sand on the ground,
and after being rammed arve drawn out. There is no blackening
used for the surfaces of the moulding, and thus the iron enters the
pores of the sand and roughens.

As there is no covering for the mould, it being exposed to the
air, this mode of casting is called open sand casting ; the exposed
surface, however, is very irregular and rough, so that this mode. of
casting is used only for moulding boxes, where the roughness is a
virtue, and for articles of a coarse nature. 'Wooden boxes or flasks
are also in use, but not commonly in large works. In these nails
are made to project inside to increase the adhesion of the sand, and
the same plan has been applied to iron boxes, but it is not a good
one.

In this two-part box it will be seen that the ribs of the upper
half are not so deep as the outside frame. They are generally an
inch less deep to allow a depth of sand over the pattern that is
imbedded in the sand of the lower box. The frame of the lower
half is called the drag, and is the same as that of the upper,
bui the ribs are much shorter and thicker, as it is not required to
be moved about and inverted like the upper one; besides, it allows
a much more available depth of space for the moulding of the
pattern. As the lifting and shifting of these boxes, when small, is
usually managed by two men, they have two snugs or handles at
each ead, seen in the figure, by which they are held.

1n some examples, the two halves or box parts are held tightly
together during the casting process by means of four hooks and
eyes n, n, n, n, provided or fitted at the positions shown.

In order to insure that the two box parts shall come together
accurately, and to the same relative positions previously occupied
by them during the moulding process, they are provided with four
snugs d,d,d,d cast on—one at each corner of each box part as
shown.

These snugs are each bored, so that when the two separate
box parts are brought together their corresponding holes will be
accurately opposite each other. It is, however, only the two snugs
at the opposite corners which are used at one time; the others
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being idle, and serve as a stand-by in the event of some of the
others being broken off Those holes at the opposite corners of the
bottom box part or drag have long pins driven into them tight, so
that their projecting points will enter the holes in the corresponding
snugs of the top part box when closing, the pins therefore act as
guides. These pinsin practice, however, are not always an accurate
fit, and therefore allow of variations which would lead to one-balf
of a casting projecting over the other at the partings of the mould.
To avoid such objectionable resnlts, moulders are in the habit when
closing, of taking up any slack or play on the guide-pins, by each
man understanding to push his end of the top part hard to the left,
until he knows that the metal of the snug (at least on one side)

£

©f

Fia. 102.

bears hard on the pin. This latter precaution insures that the top
part is always replaced accurately and with certainty to its proper
position.

These pins are often chilled to make them more durable, and
one made square while the others are round, which ensures accuracy
of position. The hooks aud eyes hold the boxes tightly together
for the casting.

Various modifications as regards the details of construction, and
arrangements for finding the separate box parts back to their proper
relative position have been adopted, with a view in some instances
to greater accuracy, and in others to cheapen the cost of production,
such as when numerous boxes are required for duplicate castings.
In some of the latter examples, the box parts have suitable male
and female projections cast on, these being afterwards filed and
accurately fitted into each other, as shown in Fig. 102, so as to
avoid the slighest variation which would aflect the accuracy in
closing.
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For binding or holding together the adjoining box parts varions
methods are adopted, each of which will be more or less suitahle
according to the special conditions. In an ordinary jobbing
foundry, turning out all shapes and sizes of castings, the almost
universal method of holding the box parts together is by heavy
weights, and also as represented at A, Fig. 103, which shows an

Fia. 103,

ordinary cast-iron clamp or binder made long enough to embrace
the two opposite snugs on the box parts, the final grip or
tightening being produced by means of wedges driven in at aa
shown.

Another method, shown at B, represents the adoption of a
hinged bolt and nut. A similar method is also shown at C, where
the nut is replaced by a slotted hole and a wedged-shaped cotter
driven up with a hammer. The latter method is much speedier
than the previous process of screwing on the nut. Such modifi-
cations as shown at B and C are only adopted for duplicate work,
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when every little gain in speed, even in one operation, tells favour-
ably after a whole day’s work.

Fig. 104 represents another form of flask usually adopted for
small castings, such as in brass foundry practice. The sides in
these, it will be observed, are hollowed out to form a long V groove,
which during the ramming process is filled up with sand. Thus
the whole body of sand is, as it were, dovetailed into the sides of
the flasks, and is therefore not so ready to break up or fall off, as
when the sides are straight and square. It is more common,
however, for such small box parts to be made with square sides,

Fic. 104.

baving a lip or narrow flange all round the inner edges for the same
purpose.

Flasks must be designed, so as to ensure absolute safety to
withstand any pressure that may be brought upon them, not only
from the weight of metal pressing upon them, when they are in
their proper vertical position in the pit, but also to withstand any
accidental shock or increased pressure, that might be brought to
bear upon them in consequence of a sudden blow or alteration in
the strains, due to some temporary disturbance of their equilibrium.

They must also be accurately fitted at all points of junction;
with this object the edges should be accurately planed, and attention
should also be specially directed to the economy of loam that has
to be built up for the cope, as the upper box is often called, by
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reducing the distance, as far as possible, between the exterior of
the pattern and the interior of the flask. The boxes or moulding
flasks are found to accumulate to a very trcublesome extent in
some foundries where miscellaneous engineering machines, tools,
or engines are the staple productions. These are not only heavy,
cumbersome, and bulky, but often represent a large amount of
capital lying idle in the worth of mere metal alone.

The only reason for storing these boxes, instead of at once
breaking them up and melting them in the cupola, is that they
may be, and frequently are, required for use again. It is there-
fore obvious that such of the boxes as are deemed worthy of pre-
servation, are also worthy of being neatly stacked, and systematically
registered, in such a manner as to be easy of access and removal
whenever required.

A numbered catalogue of the boxes in stock, with just sufficient
description for identification as to size, weight, and purpose of each,
should be kept, and a label marked with the corresponding number
should also be affixed to the box when it is returned to the yard.

The more precise the information that is booked about each
article, the less waste of time, that is money, will be incurred when
searching for it at a future period.

In stacking the boxes, room should be left for the workmen to
pass down passages between them, so as to be able to see the labels,
and easily remove the box or boxes they are in search of. The
yard should be provided with light iron tramways, and trucks,
running in the most convenient directions to deliver the boxes to
the moulding shops, and in large works an overhead gantry should
be provided for the same purpose. According to the nature of the
work in use in the establishment various matters of detail will
suggest themselves to an intelligent foreman, and in any case it is
certain that to allow an accumulation of boxes to form in the
moulding shop or elsewhere, without order or method, involves a
much larger eventual expenditure of labour and anxiety, than to
bave a frequent, almost daily, clearance, stacking, and recording of
the boxes for the time being out of use.

Periodically it will be found advisable to examine the stock, and
to remove and break up such of the boxes as it may be considered
are not likely to be of any further use.
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The boxes should be cleaned before stacking, and should be
kept a little from the ground, by being rested upon a few bricks or
blocks of wood.

Fig. 105, A, B, G, &o., represent some of the different kinds of
tools employed by flat moulders in the execution of their work. A is
the trowel, the instrument in most frequent use by moulders. ‘There
are various sizes of it used, from one-fourth to 2 inches broad in
the blade, and 3 inches long generally. 'I'he purpose of the trowel
is to clean away and smooth down the surface of the sand, to press
down and polish the blackening, repair injured parts of the mould-
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ing, and so on. B is another form of trowel, of a heart shape. It
is particularly employed for entering acute angles in a moulding,
into which the square trowel evidently cannot go. 1) is another form
of tool for managing hollow impressions in thesand. J is the form
of a sleeker and cleaner combined. ~As the trowel is applicable only
to open, plain surfaces, this tool J is for cleaning and smoothing
sunk surfaces in the sand which the ordinary trowel cannot reach,
such as the impression of a flange, or of any flat part of a pattern
presented edgewise to the sand. The upper end is applied to the
sides of such an impression for sleeking or smoothing it, and the
under end goes to the bottom, where it is used both for taking up
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Toose sand lying there, and for preseing aund smoothing down the
surface. It is to be noticed, too, that the upper end is presented
edgewise to the direction of the spade at the under end, so that
when this is employed at the bottom of & deep recess, the upper end
stands sideways to the side of the
recess, and permits free motion.

Fig. 106 shows the different
kinds of rammers usad: A i8
the rammer used to ram the
sand which surrounds the mould
in the pit, as in loam moulding,
in order that the moulded struc-
ture placed in it may be suf-
ficiently bound up to withstand
the pressure of metal during
the casting process. This ram-
mer is round on the face, about
3} inches diameter, with sides
tapered, and fitted with a wooden
shank of convenient length, viz.
4 ft. 6 in. C is the form of
rammer used for flattening and
levelling down the sand after
the small rammer B has done
the work of ramming proper;
C is usually called the dog
rammer.

G EF,G,H,1in Fig. 105,
represent the forms of the cast-iron sleekers employed in the opera-
tions of hollow moulding. F and G are the convex and concave
sleekers for corresponding surfaces. H and I ar: tools with
double plane surfaces at certain angles with each other. Of these
there is a variety, having their planes at different angles, to suit
the various salient and retreating angles that occur in mouldings.
C s a slecker for the impressions of beads, and E serves to smooth
flat surfaces generally. All these have small studs attached to
them which serve for handles.

Desides these tools there are several others, such as the shovel,
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which are used for working the sand, sieves and riddles for refining
it, and bellows for blowing off loose sand from mouldings ; pots for
holding the parting sand and the water used in moulding, swabs
for applying this water to the mouldings, the latter being simply
tufts of tow brought to a point; separate linen bags of peasemeal
and blackening, through the texture of which these materials are
shaken on the sand. There are also piercers or prickers, as they
are termed, made from pieces of thick iron wire sharpened at one
end to a point, for piercing the sand to let off air.

CONTRACTION AND ITs EFFECTS.

Many machinists and founders have noticed that if a piece be
broken from the rim of a pulley, it cannot be returned without
forcing the gap open, showing that the rim had been put under a
strain, which caused it to close together so soon as the piece was
removed.

The strain here exemplified may be explained in the following
manner :—So soon a8 the pulley is cast, the rim, which is thinnest,
is cooled down by the walls of the mould, and therefore sets imme-
diately. The arms, containing more metal in mass, cool next and
set ; the hub, containing the thickest metal, therefore cools last and
sets, but in doing so, like all the rest of the metal, it hasa tendency
to contract from its moulded size. It is now easy to see how the
shrinkage of the hub causes a tendency for it to separate itself
from the arms, or the arms from the rim, hence the sirains upon
the rim are of such a nature that they tend to make the rim form
a circle of less diameter than at the beginning ; so that when a
piece is broken out of the rim the resistance at that part is re-
moved, allowing the rim to be drawn together to form a circle
of less dinmeter as suggested, causing the space left by the piece
taken out of the rim to be correspondingly reduced.

The extent of such strains as are set up in castings, even from
the same pattern, will vary according to the different qualities of
iron used, and also with the amount of care taken by the moulder
alter the metal is run into the mould ; by adopting some onc or
other of the various methods to regulate tle rate at which the
casting cools down, such as by the removai of the saad and certain
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cores, say, at the hub or other heavy parts as quickly as possible,
so that by direct contact with the surrounding cooling air such
parts may be cooled down quickly and as nearly as possible in the
same time as the other lighter portions of the same casting still
retained in the sand. In extreme cases water is applied at the
centre eye of the hub until the casting at these heavy parts become
black ; while, on the other hand, to prolong the period of cooling
of the thinner parts, such as the rim of belt pulleys, &ec., hot metal
is poured into a gutter snrrounding it, by reason of which the rim
takes longer to cool down. The intelligent application of such
methods will often result in securing sound castings, which other-
wise would have gone to pieces.

Nevertheless, owing often to unsuitable hard metal being used,
it is no uncommon thing for castings of pulleys, and other light-
rimmed wheels, &c., to give wayand crack at different well known
critical points. Such defects are very common in castings of bell
pulleys, occurring usually at the junction of the arm and rim, as
indicated in Fig. 107 at the different points A A A. These faults
may not, however, be observed until after the pulley or wheel has
been machined, fitted, and even set to work, when of course they
fail through weaknesa. '

In order to avoid as far as possible the evil effects of contraction
shown, it has become usual to make the arms of belt pulleys, spur
wheels, fly-wheels, &c., curved as indicated in Fig. 108, so that
the strains along the arms resulting from contraction may meet
with as little resistance as possible. This, to a certain extent, it
will be seen, is obtained by these curved arms, which instead of
offering resistance (as in the case of straight arms), open up and
straighten to a certain extent with comparatively little resistance,
until the casting ceases to contract; by this means the strain
transmitted to the rim is very much reduced, so that pulleys with
curved arms seldom fail in the manner shown at A A, Fig. 107,

Another method adopted to relieve such castings from exces-
sive internal stress is that shown in Tig. 109. This plan is some-
times adopted for locomotive driving wheels, fly-wheels, and other
similar large wheel castings, and consists of splitting up the boss,
80 that each arm carries its own portion of the boss, and is there-
fore free to shrink and shorten without the usual resistance and

Y




322 FOUNDING AND OASTING.

consequent internal stress, which at any moment might be the
cause of a serious breakdown, even when no indications of weakness
could have been previously detected.

Fie. 108. Fic. 107.

Fic. 109.

When tLe hub or boss is divided and split up as described it is
necessary afterwards that the separate parts be held together in
such a manner as will give the wheel the proper strength and
stiffness. Tlis is obtained by shrinking round each end of the
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boss a heavy malleable iron ring as shown, the circular contact
surfaces being previously prepared and machined where necessary.
Fig. 110 is a striking example of a failure in the casting of a
spur wheel. The stresses, resulting from shrinkage or contraction
in this example, resulted in the casting being fractured, at the three
different points marked A, B, and C, the latter of which was
extended so as to completely split the casting into two pieces. In
order to secure a solid casting throughout, this wheel was again
cast, with the usual arms, by cutting out portions of the continu-
ous web or plate shown, but this of course also resulted in a failure,

F1a. 110.

by breaking at the junction of the arms and rim similar to that
indicated in Fig. 107 ; and it was only after considerably reducing
the sizes and therefore the quantity of metal forming the boss at
centre from that shown in full to that indicated by dotted lines,
that a perfect casting was or could be obtained.

Figs. 111 and 112 illustrate a special arrangement of slots
cored out at the centre of large loam plates, especially those of
circular form, such as are uscd in loam moulds for cylinders,
pistons, cylinder covers and other castings of similar form or shape.
This method or arrangement is the idea of Mr. Mayer (a thoroughly
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practical foundry manager), and forms the subject of & patent. The
idea here, as in the example of the fly-wheel where the boss at
centre i8 split up between each arm as shown in Fig. 109, is to
allow that portion of the metal at the central parts to contract
or expand freely without the usual excessive internal strains
being set up, which so often cause heavy moulding plates to
crack or split into pieces, and that too often when the mould is
practically finished and ready for casting, necessitating, it may be,
some temporary binding arrangements to complete the casting, or
in some more serious cases, the entire rebuilding of mould, including
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the making of a new plate. These faults, it will be seen by refer-
ence to Figs. 111 and 112, are obviated to a considerable cxtent
by forming a central hole 11, into which run four or more radial
slots R, S, the latter terminating in oval-shaped holes O, in order
to avoid sharp angles; where cracks would be more readily started.
In this manner it will be seen that the loam plate cools down as if
it were a plain ring, whose iner cirele corresponds to the dotted
cirele, shown around the vavious oval-shupe holes, with the result
that the life or usetulness of saeh plates is considerably lengthened,
and there is a corresponding reduction in the number of new loam



MAYER'S METHOD FOR MOULDING PLATES. 325

plates; the labour in making the latter often representing a cen-
siderable proportion of the moulder’s time. Mr. Mayer has also
patented the new form of moulding box represented in Fig. 113,
for which it is claimed that a more flexible box part is obtained
than that of the ordinary box parts where the bars extend right
across from side to side, in which the expansion and contraction
effects are somewhat similar to those which cause the breaking of the
arms and rims of belt pulleys already referred to. Such breakages
and cracking of box parts generally is often a serious loss and a
constant cause of expense in ordinary foundry practice, owing to

Fie. 112.

the cost of patching with malleable iron straps, or the process of
burning, in which case the crack is simply surrounded with a heavy
piece of metal which cements the parts together when solid. In
many cases, however, new box parts require to be made. In the
new form of bars, arranged in squares, the adjacent sides of which
are connected together by means of short straight bars, the effect
of heating and cooling will cause the stress by contraction or ex-
pansion to be uniformly distributed, because the expansion and
contraction are allowed to take place without meeting with the
same resistance by reason of the spring-like action of each side of
the numerous square formations, with the result that breakages in
box parts are reduced correspondingly.
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« Many of the failures in castings however, due to cracking result-
ing from contraction, could have been avoided by using a higher
grade of metal. But in foundries where large quantities of low
grade metal are being cast throughout the day, it is not easy to
obtain the proper mixtures for a small quantity, and in such cases
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Fra. 113,

it requires greater skill in proportioning the ‘metal in order to ob-
tain satisfactory castings of the special forms referred to.

If a piece be broken from a ring, no perceptible change of form
will take place; the piece can therefore be returned quite readily,
and will be found to fit ; this, however, does not prove that thereis
no strain present ; on the contrary, we will show there is.

When the ring is first cast, the walls of the mould covl off the
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inner and outer circumferences, immediately causing them to set,
the central core of metal remaining yet hot; in a few moments
more it sets, and in shrinking exerts two influences, one to reduce
its own diameter and that of the outer crust to which it is attached,
and which has already set, and the other to crawl around in the
direction of the circumference, whereby, with reference to the outer
crust, there is a tendency to closs together; yet with reference to
the inner crust there is a tendency to open outward. Hence, if the
ring be put in a lathe, and the outer crust removed, the gap will be
noticed to close in, increasing in this tendency as we near the centre
of the ring with the tool. As we progress toward the inner crust
from the centre an opposite effect will be produced, and the gap
will be noticed to open. In a ring of 27 inches diameter, turned
till the outer crust was just removed, when the piece was removed
the ring closed together ;%; of an inch in 4 inches—two prick-
punch marks having been made on its edge 4 inches apart, spanning
the place where the piece was to be removed, and before any cutting
was done.

Cylinders are no more than deep rings, and the strains explained
under rings are also present here.

Ordnance and cylinders shrunk on the Rodman plan will have
a tendency to spring open if a piece be broken out, for the following
reasons :—By the use of the water core, the interior of the cylinder
is cooled first and set ; as the material surrounding this central core
shrinks it has a tendency to crawl around, as explained under the
head of rings, exerting a strain upon the outsidle—by outside we
mean the portion surrounded by the molten metal—of the skin
about the core barrel, which strain has a tendency to pull the skin
back, or to rupture it ; this force is increased as we approach the
centre of the section, then retarded and counteracted by the
shrinkage of the exterior surface, caused by the refrigerating action
of the walls of the mould. This refrigerating action is small when
compared with that of the core barrel, hence the tendency to spring
open will be somewhat greater than the tendency to spring shut.
Therefore, a broken section will always spring open, the tendency
being regulated by the greater or lcss rapidity with which the outer
surface is cooled off.

These strains upon rings and cylinders would, if the metal were
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free to act after the piece was broken out, form an inverted triangle
in the face of the broken section, the apex being in the centre of
the case supposed under the remarks on rings ; while in the case of
the Rodman plan, the apex would be nearer the outer edge, and in
a perfect case the apex should lie just within the outer crust. 1t
is, therefore, best to cast hydraulic rams, cannon, and all other
cylinders intended to withstand great internal force, on the Rodman
principle.

Cylinders, with heads cast in, whose thickness is greater than
that of the body of the cylinder, will be found to caliper less at the
ends than at the middle, owing to the heads, acting as the arms
in the pulley, exerting a strain inward, drawing the ends of the®
cylinder down with them.

If the beads be cast thinner than the body of the cylinder, the
cylinder will be found hollow in the middle, owing to the heads
setting first, which act as props or pillars, and hold out the ends
of the cylinder, while the body being free to contract, will shrink its
full allowance.

In the case of a shaft, or other solid eylinder, it will be noticed
that the surface of the casting at the ends will be slightly de-
pressed. This is occasioned by the surface of the cylinder being
cooled by the walls of the mould first. and setting, while the central
portion yet remains fluid or soft. In a few moments more the
central portion cools, and in shrinking draws in the ends of the
cylinder, the outer crust acting as a prop or stay to the atoms of
metal adjacent to it. If this theory be correct, the depression
should take the form of an inverted cone, owing to the gradual
checking of the shrinkage as it approaches the outer crust. In
practice this will be found the case, the obtuscness of the angle
being greater or less according to the nature of the iron to shrink.

The shrinkage strains within hollow, spherical shell castings are
similar to those explained under the head of rings, they being no
more in fact than rings continued about a central axis. In the
case of solid globular castings, the heart or central point within will,
usually, be found hollow or porous, owing to the following causes :—
The walls of the mould cooling off the outer surface, causes it to
set immediately ; the interior, cooling frum the exterior inward, en-
deavours to shrink away from the outer crust, which resists its so
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doing; hence, the interior is kept to a greater diameter than is
natural, and there being but so much metul in the entire mass, the
atows are drawn away from the central point toward all directions
to supply the demand made by the metal in shrinking.

In the case of flat round discs or plates they will usually be
found hollow on the top side, although in some cases the hollow is
on the bottom side. This is owing to the following causes. The
top and bottom faces, together with the outside edge, become set
first through contact with the mould, leaving the centre yet soft.
When the centre shrinks a severe stain is put on the plate by an
effort to reduce its diameter, which the outer edge resists. Now, if
the cope be thin, the heat will radiate rapidly in that direction,
causing the outer or top side to set first ; the under side, setting
later, will drag the top side over with it, causing it to round up on
top and dish in the bottom. Orif the pattern be not perfectly true
in every directic n, the strains first spoken of will cause any curved
portion to become more exaggerated. If the pattern be perfectly
true, cope and drag of the same thickness, and both rammed evenly,
there is no reason why the plate should not come out perfectly true.
the strains being all self-contained in the same plane and balanced.
If the plate, however, have an ogee moulding projecting downward
around the edge it will likely be depressed on the top surface when
cast. This is due to all the surfaces being set alike and at the
same instant, excepting the metal within the corners, which, con-
taining the most metal in a mass, will shrink last of all. When this
does shrink its tendency is to pull over the top side of the moulding
toward the plate, which being soft, although set, will be forced
downward at the edges, giving a chance for the strains within the
plate, as above described, to aid in the distortion.

The strains are similar in both round and square bars, and are
already treated of under solid cylinders. There is another feature,
not before spoken of, which is rather curious. If two bars of the
same dimensions and mixture of iron be heated to the same tempera-
ture, the one allowed to cool in the mould, the other plunged while
hot into water, the latter will be found to have shrunk the most.
This is due to the particles about the surface baving been enabled,
by the softness of the interior metal, to get closer to each other than
they could have done if the material had cooled slowly.
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Rectangular tabes are usually cast with a core, which has a
tendency to retain the shape of the casting ; still the flat sides will
show a tendency to bulge up slightly at the middle. This is due
to much of the same causes as explained in the plate with the
ogee mouldings : the outer surface is cooled instantly by the walls
of the mould, and is set; the inner surface is not cooled quite so
rapidly, owing to the core being of harder material, andnot so good
a conductor of heat; when this does cool it will pull inward the
outer skin of the casting, forming a slight curve ; each side acting
for iteelf will produce the same effects.

Gutter or U-shaped castings are made thinner at the edges than
at the middle, because the pattern has been made with draught.
When castings of this shape are taken from the mould, they will be
found rounded over in the direction of their length, the legs being
on the curved side. This is explained by the mould cooling and
setting the legs first; then when the back or round shrinks it
pulls upwards the two ends of the casting.

In parallel castings of any length, having a cross-section
similar to a.wedge, or similar to a * knife ” in paper-mill work, the
thick side will invariably be found concave and the thin edge
curved. This is due to the same cause as explained above. The
thin edge is set as soon as cast, the thick edge, cooling later,
shrinks and draws the ends of the casting upward, and with them
the thin edge, which acts as a pillar to resist further shrinkage.

All ribs have a tendency to curve a plate if they be thicker or of
the same thickness as the plate, owing to the fact that whatever
shrinkage strain they possess, is below the general plane of the
shrinkage of the plate itself. If the ribs be thinner than the plate
they will cool first, and by resisting the shrinkage of the bottom of
the plate cause it to curve upwards, or “dish” on top.

In conclusion, Watkins offers the ceneral laws regarding
shrinkages. The most metal in a mass always shrinks last, hence,
if a casting Le composed of irregular thickness it will be liable to
be broken by the forces contained within itself. 1t is, therefore,
especially necessary that columns and castings, supporting or resist-
ing great pressurcs, should be so designed as to prevent this great
crror.  Mouldings on columns are often so badly designed with
regard to this matter, that the columns are excessively weak where
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they should be the strongest.  As a rule, mouldings should seldom
be cast on a column, but rather bolted on. Much of the irregularity
of flat castings and those of irregular shapes could be remedied by
a proper attention to cooling the castings while in the mould. To
be sure this is done to a certain extent, though few moulders know
why they do so. They know that by removing the sand from a
particular casting it will straighten in the shrinking. This is but
the result of experience, not of thought or any attempt to know
why they so act. It is useful to know also that all shrinkage
takes place while the casting is changing from a red to a black
Leat. (See Fig. 4, and pages 26 to 31.)

Saxp axp Loam Cones.

Cores are especially useful for forming vacancies in castings.
Their forms may be long, and proportionally small in diameter, or
winding or otherwise intricate ; and, seeing that they are necessarily
surrounded by the iron when cast, they ought to have as much as
may be the qualities of firmness of substance and openness of pores.
Cores, as has already been stated, are commonly composed of rock
sand and sea sand. The former, having a proportion of clay in its
composition to which it owes its powerful cohesiveness, when dried
serves very well as a material for short cores that rest in the green
sand at both ends, as open communication with it is thus afforded
for the free escape of the air in the interstices of the cores. But
when rock sand is used for cores of considerable height, which of
course are surrounded on all sides by the iron, except the small
imbedded portions at the extremities by which alone the air can
escape, it requires to be moderated by the admixture of free sand
as a counteractant to the clay. The clay communicates the neces-
sary cohesiveness to the material of the core ; the sand, on the con-
trary, being loose and open, renders it less binding and more porous.
Free-sand alone is also employed in the making of confined cores,
that they may afterwards be easily extracted, as the sand has
naturally no power of cohesion. Wanting colesiveness, it must be
tempered to a proper consistency by the addition of clay and water,
yeast, or the refuse of the peasemeal used for light flat moulding
purposes. In the use of the last material, it must be accurately
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proportioned to the sand with which it is mixed. The elay-water
is, in ordinary cases, made use of as a cement, and the yeast only in
very particular circumstances. For large compact masses of core,
the common green sand may be used, as illustrated in both the
last examples.

As these sand cores become larger and longer, it is necessary to
bave them strengthened by means of iron wires, either straight, or
suitably bent, so that they may follow the shapeand be bedded into
any particular form of core throughout its length, provision being
always made in the casting produced, in order to facilitate the
removal of the sand and irons forming the core, with still larger
cores in which the body of sand becomes excessive, and therefore
ready to break off. A suitable core iron is that shown in Fig.
114 ; this form is readily produced in cast iron from an open sand
mould, and is especially suitable for green sand cores, such as, for

Fic. 114.

example, that adopted in example illustrated by Fig. 120, for which
moulding process a shell pattern is used.

In similar examples, but where an arm or branching core is
required, the strengthening of the latter is provided for by fixing
a square bar of malleable iron of suitable length, as shown with
wedges W; the hanging portion of the sand being additionally
supported by means of a number of malleable iron hoops or rings
bent and supported as shown. An important feature in this ar-
rangement is, that the branch core iron is readily removed from
the casting produced by slacking the wedge fixings, thus enabling
these two parts to be again fixed up together and used over and
over again, instead of otherwise breaking the core irons for removal
of same, and making a new core iron for each mould, which in
some examples may be unavoidable. These core irons are generally
very heavy, as shown ; this in the first place is desirable in order
to obtain the neccessary strength and stiffness without the use of
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core nails, stads, chaplets, &e. The wide moulded spaces required
for each thickness of metal are also more readily produced, thess
being simply cut out of the previously prepared level sand bed
with the ordinary trowel, and shaped out finally with the hands.
Fig. 115 shows another but similar form of cast-iron core iron
used for strengthening green sand or dry sand cores ; it is better
adapted for broad cores, and is comparatively lighter than the pre-
viously mentioned form by being more uniform, and less in thick-
ness of metal, the necessury strength being obtained by means of
the double longitudinal bar arrangement. To produce this bar a
wooden pattern is required ; this latter, however, may even be an
advantage by reducing the cost of moulding when a number of
similar core irons are required, as for duplicate work. The holes H,
shown at both ends in each example, are of use in setting the iron

in position by means of an iron bar; or again, the dressers find
these useful in starting the irons for its removal from the casting.

Fig. 116 illustrates a specially bent form of cast-iron core iron,
used, as in this example, for making a double return or U bend in
green sand or dry sand mould,when a shell pattern or similar method
is adopted. A special feature in this is, that both ends of the core
iron are bent back as shown, so that the top box part, when laid
down will rest upon it, at the four points A, A, A A, the latter pre-
vious to the casting process being sufficiently weighted so as to resist
any lifting effort of the core. In this manner, with the core iron
sufficiently stiff and strong, it will be scen that studs or core nails
become quite vnnecessary.  This is most desirable when the cast-
ings are use | for high pressures of air, steam, and hydraulic pur-
poses. To facilitate the removal of such bent core irons from the
castinz, a number of V-shaped impressions, ¢, ¢, ¢, ¢, are arranged
throughout its length at suitable distances apart, so that it may
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break more readily at these points, and in sufficiently short lengths
to come out easily without jamming inside.

Fie. 116.

Fig. 117 shows a form of core iron adopted especially for the '
larger sized rectangular cores, and those having deep flat sides. To

Fic. 117,

secure as free a vent as possille, such cores are usually made up at
the interior =/ith engine ashes, so that the sand forming the core
proper is essentially in the form of a shell or boundary wall. To
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obtain sufficient strength in such a case, the additional support in
the form of core iron shown is absolutely necessary; the grating
bars across the bottom are required for stiffening, and also to

Fic. 118.

receive the three lifting eyes LE shown, by means of which the
core when completed may be safely and conveniently handled.
The various core irons required are produced on a specially pre-
pared sand bed, as shown in Yig. 119, and described in pages 337
and 338.
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Fig. 118 shows a special form of core irons or building rings
used in building a crescent-shaped core of loam and brick, the first
or bottom iron A baving four lifting rods I. R cast on in the
positions shown. In proceeding with the building, owing to the
considerable height of the core, it was necessary to build in irons,
as shown at B, B, at regular intervals, each iron being supported
directly on to the one immediately below by means of cast-iron
distance pieces, thus preventing the collapse of the whole core by
its own weight.

MARING AND LEVELLING-UP SAND BED FOR MOULDING
CORE IRONS.

In proceeding to mould the various core irons, building rings,
gratings, &c., required, a specially prepared bed of sand is made in
the following manner, and as illustrated in Fig. 119, in any con-
venient spot of the foundry floor.

In order to produce such open sand castings of umiform thick-
ness without a top part, the surface of the sind bed must be level
throughout, i.e. a true horizontal plane. This is usually obtained by
levelling two straight edges, S E and S' E', parallel to each other,
and at opposite sides of the proposed sand bed. To make certain
that the top edges of these two straight edges are both in the same
horizontal plane, a third straight edge S? E*is applied so as to have
its ends resting on two diagonally opposite ends of the two lower
straight edges. If the top straight edge S71?is found level in
these two extreme positions, then the bed of sand produced as
follows is truly horizontal. The space between the two lower
straight edges is now filled up with sand so that when loose it pro-
jects about one inch above the top edges of § E and 8! ! to allow
for the subsequent ramming process with the third straight edze
S 152, the bottom edge of which is made to press down the pro-
jeeting sand until it bears on the top edzes of S E and S E. Tlos
operation is repeated again and again (one end only being raisal
for cach o] eration) until the whole surface has been pressed down
to form a traly horizortal plane, which ix now ready to receive the
various impressions or moulded forms of core irons, &e., required.
Before proceeding to draw these ofl) (he surface 1s usually dusted
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over with a light-coloured dry parting sand, in order that the
various lines and markings may be more distinctly shown. The

Fia. 119.
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drawing generally consists in the first place, of making an exact
outline of the core, or other portion of the mould for which the
grating or core iron is required, the various bars in which are now
readily formed by stamping with a short wedze pattern G P, having
a suitable handle as shown enlarged in Fig. 119. These moulded
grooves must never extend beyond the outline of core referred to,
but must always be within, in order to leave sufficient space for
the sand or loam forming the outer surface of the finished core.
When duplicate iron gratings, &c., are required, it becomes an
advantage to make a pattern, so that the complete mould is pro-
duced in one operation by stamping. In this level solid bed is also
shown the method of producing flat building rings by means of
bent hoop iron, against which the walls of sand are formed.
W C shows a wooden peg driven in flush to form a reliable centre
for the compasses C. The lifting rods L R are driven into the
sand where required, and as shown, so that when the metal fills
the grooves, it will also adhere to, and fix the rods in position.

CorRe VENTILATION OR VENTING.

One of the most important points for consideration in moulding
is the proper ventilation of the mould and also the various cores
embedded in same. The simplest method adopted to facilitate the
free passage of the gases gencrated during the casting process is
that of pricking or piercing the sand by means of a long pointed
iron wire of from {;th to } inch diameter and of suitable length to
reach the deepest portions of the mould. By this means the body
of sand is honeycombed with continuous passages through which
gases may escape freely. Ior ventilation in smapll, straight sand
cores, it is usual to form one straight channel thrgughout its length,
by first embedding an iron wire at the centre ¢r lying on top of
core iron, the wire being afterwards withdrawn ;before the finished
core is removed from the core box. To producq: a similar channel
or vent in a bent or angled core, it is usual to use cord or string
folded into one, two, or three strands, according, to the size of core
vent required, which cord, by reason of its flexilyility, is easily with-
drawn without destroying the core, in which, a correspondingly
sinuous channel or vent hole is thus formed. ,
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It will be seen, however, that in the case of extremely crooked
examples, the withdrawal even of a pliable or flexible cord will
have a tendency to destroy the core. Toavoid this a specially pre-
pared wax cord has been recently introduced of different sizes vary-
ing from 2 up to § inch diameter, to suit different sizes of cores.
The wax of which this cord is made being comparatively weak of
itself, is strengthened to withstand the necessary handling, by means
of a thin core of thread throughout its whole length, similar to that
of the wick in a candle. The application of this cord is the same as
when ordinary cord is used, and it is usually placed at or near the
centre lying on the top of the core iron; the cord being made of
wax having a comparatively low melting point, it melts during the
drying process and disappears, by sinking or soaking into the ad-
Jacent send of the core, leaving its impression, which now forms a
continuous channel to act as a means of escape for the gases gene-
rated during the casting process.

As the shape and size of cores become larger, different methods
are adopted in order to ensure that the gases generated during the
custing process may escape without hindrance, the proper applica-
tion of which requires considerable skill and experience. In such
cases, where the bodv of sand forming the core is of considerable
thickness, it is desirable to have the interior made up of some other
more porous material, such as engine ashes. Thus the core is
made up of a thick shell of sand, surrounding a porous centre of
ashes, througl’ which the gases can escape or pass freely, these
gases being conducted finally through one or more communicating
channels to the atmosphere, where they are usually ignited, and
barn with a long bluish flame until the gas ceases to be generated.
These communicating channels are usually formed by suitable
lengths of malleable iron or cast-iron piping, bedded into ashes
forming the centre of core at one end, as shown in Fig. 148, the
other end opening out into the atmosphere. To prevent dirt fall-
ing into these passages, the outer end is generally stopped up with
hay or other suitable material. This precaution also prevents the
accidental ignition from the outside of any explosive gas mixture
which may have accumulated at the interior or hollow portions of
a mould or core, by which the latter might be destroyed.

In such cases, where it is considered more economical to adept

z 2
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a shell pattern—that is, a pattern which is an exact duplicate of
the casting to be produced, both inside and outside, except that it
is made in halves held together by means of suitable dowel pins, as
is usual with the ordinary wood patterns. The core in the latter
example becomes a part of the process of moulding, as now it is
formed from the interior of shell, instead of by means of a separate
core box. The precautions for venting, &c., are, however, the
same in either case.

The simplest example of moulding from a shell pattern, as also
by the usual solid pattern, is a plain, straight hollow cylinder or
pipe, such as that illustrated in Fig. 120. The core in this ex-
ample, which may be either in green sand, or afterwards dried, is
made from the interior of shell, after the lower half of shell pattern
is bedded and moulded in the foundry floor below the line F L.
Before placing the heavy core iron C 1 in position shown, the inside
of lower half of shell is covered to about one inch in depth with
facing sand. The core iron being now set in position the remaining
spaces are filled up, and as much also of the top half of the core as
convenient is made up, taking care to lay a suitable round pattern
or piece of tube on top of core iron, which when withdrawn will
leave a sufficient channel V, shown, for the escape of gas generated.
The top half of shell is now placed in position, and the clearance
between it and the roughly shaped top half of sand core referred to
is now filled up and cautiously rammed from the ends by means of
suitable ramming rods, taking care not to push or lift the top part
of pattern shell ; this being completed it is now time to place the
box part B I, shown, for the completion of the mould proper. In
order that the core may be brought back to fit exactly into its
original moulded position, a portion of it B B at each end is formed
or moulded into suitable recesses B B previously made in the floor
sand for that purpose, and in this manner it will be even more
accurately set than when the core and the core prints are con-
structed independently, as when a solid pattern is used.

With a core constructed as shown, any tendency to rise or
bend up at the centre during the casting process is prevented by
the strong cast-iron core bar adopted, without the use of studs or
any other such appliances.

In sand cores the lower or hanging portions are very apt to
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break away or otherwise fall off, and cause considerable delay by
the making up and finishing of same.

In the larger sizes of cores, &c., in which the depth of sand
is six inches or more, & much stronger core is obtained by in-
serting or embedding numerous strips of chopped wood along the
sides of the core irons, in the manner shown in Fig. 120.

Fie. 120.

In applying these strips it is usual to previously dip their
lower ends in strong clay-water.

Any portion of a green or dry-sand mould or core of consider-
able depth, and occurring at different points, is usually supported
by means of cast or wrought-iron hangers, which are either used
alone or in combination with plates bedded at or near the lowest
parts in question. These hangers are hung or suspended either
on the core irons or to the bars forming the upper box part,
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according to whether it is the core or the mould in the top part
that requires the additional support referred to.

The method of ventilating for the free escape of the gases
formed during the casting is also clearly shown on Fig. 120,
the would in which is pierced along each side, as shown at
a a a, by means of a bent pricker to form the specially bent
form of channel shown in the cross section.

The upper box part mould is also pierced as shown at c¢ec, in
order to facilitate the escape of gas through it upwards.

The core for the same reason is also pierced from the outside,
as shown by the radiating black lines D, which terminate in the
central ventilating channel V. The outer ends of these perfora-
tions are subsequently closed as indicated during the finishing of
the core.

The gases, as they escape from the lower parts by way of the
bent perforations a, a, are conducted to a longitudinal channel
formed in the parting, and again from the latter by way of the
several channels, arranged as shown, to the outside of moulding
box, where they escape, and generally become ignited, and burn
with a pale-blue flame.

In order to ensure that the liquid metal during the casting
process does not find its way between the partings on the line F L,
and so run into and choke the various channels and perforations
referred to, a line of slightly raised sand is cut and formed
between the gutters and the edges of the mould as shown at d d d;
which raised portion of sand is subsequently compressed so as to
form a close joint when the upper box part is finally laid in the
position shown and held down by means of weights W, to enable
.he top part to resist the upward pressure of the metal, also the
lift of the core while the metal remains in a liquid condition;
the amount of pressure depending chiefly on the depth of the
moulded surfaces from the level of the metal in the casting head
or runner, see page 357.

In the construction of pipe moulds, as well as the moulds of
all other large hollow articles, it is necessary that the core be
made both rigid and porous; these conditions are obviously neces-
sary, when it is remembered that the least flexibility in the core
must alter the thickness of the casting; besides that the core,
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being itself so much confined externally by the liquid metal when
poured, the ends alone serving as channels of escape for the
interior air, must offer within itself facilities for the escape of
the gases generated. Both of these objects are accomplished by
employing a tube of iron, forming the centre of the core, and
perforated at regular distances for the escape of the air. For the
smallest sizes of cores common gas-pipes are used, with holes
drilled in them at about nine inches distance, on alternate sides.
‘Wrought-iron tubes of a larger size are employed for larger pipes ;
and for the largest sizes of cores required cast-iron pipes are
adopted, with rows of oblong holes cut at equal distances for venti-
lation.

Loau Coges.

More perfect cores are obtained, especially when required in
duplicate, by fitting the core-bar ends with short spindles turned
true when in position. The usual practice when making a loam
core is to turn the core bar by means of a crank handle.

In special cases, such as when large quantities of duplicate
cores are required, it will be much more economical to adopt some
simple form of turning gear driven by belt power; provision
being made for easily stopping and starting, as by means of a
slip coupling.

With hollow perforated core bars, such as those described, it
i8 no uncommon experience to find that the liquid metal has
found its way through these perforations and partly fills up the
interior; to remove which, when the tube is made of malleable
iron, the joint or seam is opened up, and these should therefore be
left unwelded for this purpose.

With cast-iron perforated bars, metal getting into the interior
cannot be removed ; and by thus spoiling the necessary ventilating
properties, the bar as such becomes useless. To get over this
difficulty, cast-iron bars of the form shown in Fig. 121 have
been extensively adopted. In this type the ventilation is obtained
by way of the numerous channels formed next the bar, when the
rope is wound over the ribs, without the usual holes or per-
forations. To reduce the weight, this bar is also cast hollow as
shown. With this hollow form of core bar not having the usual
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perforations, special care must be taken to insure that the air in
the interior or hollow portion of the bar is not locked up, and that
it is free to escape through suitable holes at the top end. If this
be not provided for, there is considerable danger due to the exces-
sive internal pressure of the air when it becomes heated by the

surrounding liquid metal immediately after the casting process is
completed.

Core bars for hollow castings generally should always be from
2 to 3 inches less in diameter than the finished size of core, in
order to leave sufficient space for the thicknesses of straw rope
and loam required. In order to economise by reducing the
quantity of straw rope and loam used, the core bars for standard
duplicate work are made as large as possible, consistent with

Fie. 122.

successful work; this requires that the straw rope be as nearly
as possible uniform in thickness, and at the same time wound
round the core bar with a uniform degree of tightness. Otherwise
the internal surfaces of the casting will be badly corrugated, as
illustrated at A A A, Fig. 122, and this is the result of irregu-
larities in the thickness of rope as shown in section below in the
same figure, by causing the thickness of loam at the various
points indicated to be too thin and correspondingly weak, and there-
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fore unable to withstand the pressure of the molten metal. Defects
in a casting, resulting from the causes referred to, take the form of
slight swellings which correspond in length to the length of the
defective portion of the straw rope, which, being wound in coils,
causes the swellings also to take the form of rings or coils giving
the interior of such castings a more or less corrugated appearance.

When a round loam core is required, say for a lamp-post in
which the diameter gradually increases towards the bottom end,
the core bar is usually a malleable iron tube, which, if parallel,
must not be larger in diameter than can pass through at the
smallest or top end of the post; with such a small bar the core is
too flexible, by reason of which it is very apt to have ring cracks
throughout its length. To get over this difficulty, as far as pos-
gible, lamp-post makers adopt a tapered form of tube bar, the
smallest diameter of which corresponds to the small end of core,
where the space or allowance for the loam coating is often so little
that twine instead of hay or straw rope has to be used next the bar
for venting, &c. At the larger diameters, the core is made up by
many turns of straw rope, bedded and cemented together with first
coat or black loam, thus forming a comparatively strong mass
which has the necessary porous properties. With such cores it
will be seen that the composition, as regards the proportion and
depth of combustible substance, must vary considerable throughout
its length, hence the greatest care is necessary when drying, so as
to avoid any part of it being burned out, even before the loam, &e.,
of the thicker parts is sufficiently dry ; for this reason it is usual
to build up and dry such cores in stages, beginning at the larger
end and proceeding towards the small end in suitable portions,
each of which is dried, so that when the small end is reached, the
remaining period of drying required is reduced to a minimum, thus
preventing the scorching and burning out of the straw rope, &c.,
at these smaller parts.

An important feature in the use of straw rope in core making
is due to its combustible properties, by reason of which it becomes
completely destroyed after the casting process, thus leaving a suf-
ficiency of clearance between the loam and the outer surface of the
core bar, which enables the latter to be readily and easily with-
drawn from the casting. When we consider, however, the cnormous
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quantities of straw used in some examples of foundry practice, it
is not surprising that so many attempts have been made to con-
struct a core bar which can be collapsed by mechanical means, and
thus obtain a considerable saving in cost of production of loam
cores by doing away with the necessity for straw ropes altogether.
Collapeible core bars, however, have not been very successful, un-
less where for special work, and then only with the larger sizes,
viz., 18 inches diameter and upwards ; these being generally very
complicated and expensive to keep in good repair, are practically
unknown in ordinary foundry practice.

Loam Core MakngG.

In the production of long and straight loam cores, the metal
bar is first supported at each end in suitable bearings or notches
formed along the upper edges T T of two iron trestles in the man-
ner illustrated in Fig. 123, in which the form of trestle A is also
shown. The notches referred to are either V-shaped or semi-
circular, and may be formed in separate bush pieces fitted by dove-
tailing into the top rail. In this manner the bearings can be
readily removed and replaced when worn out. In proceeding to
make the core, the bar is made to revolve, either by means of the
usual crank handle at one end, or by adopting some form of gear-
ing which will enable the revolving operation to be done by belt-
power. While the bar is thus revolving the straw rope is fixed by
an overlap or hitch at one end, and then fed up so as to entirely
cover the bar with the close-lying coils, one thickness of roping as
shown in Fig. 123, being generally sufficient, unless when the core
bar is too small.

First coat or black loam of the composition stated in page 295
is now laid on the top of loam board B, and pressed forward on
to the top of straw covering as it revolves towards the bevelled
edge shown on said board, which has been previously set so as to
scrape off the soft projecting loam, and, at the samie time, make
it to the diameter required at this stage, at the completion of
which the core is dried (previous to the second or finishing coat
being applied). When dried, this first coating, by reason of the
high proportion of cluy in its composition, is badly cracked, so that
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it is necessary to cover it over with a second or finishing coat of
loam, containing a higher proportion of sharp sand as shown in

Fic. 123.
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page 296, and in the manner described for the first coating, the
loam board being at this stage set so as to make the outer surface
to the desired finished size. The core is again dried, previous to
the final coating with blacking, the latter being applied, as usual,
with a brush or swab, the heat of the core being generally suf-
ficient to dry the thin coat of blacking.

By developing the process just referred to, we have a ready
and cheap method for producing a pattern of any cylindrical form
in loam, thus avoiding the expense of & wooden pattern, otherwise
necessary. The advantage has special reference to such cases
where only one or two castings are required. Take for example,
an ordinary spigot and faucet pipe. The core being completed, as
described in the foregoing, and illustrated in Fig. 123, the pattern
is produced by adding still another coat of loam, but this time
using a specially prepared loam board, such as that marked A,
having its scraping edge shaped so as to trace a surface the same
as the outer surface of cylindrical casting required ; the loam being
applied, dried and coated with blacking, as previously described, it
is now ready to be used as a pattern. When done with as a pattern,
the outer coating is readily taken off, due to the separating effects
of the coating of blacking put on, after second coating of core, and
previous to the coating with loam to form the pattern. The core
is thus (after a little additional finishing) again ready for use as
such, after having served as a pattern during the previous mould-
ing operations.

CzaprLEr AND CoRreE NaiLs.

In the placing and setting of cores, it is generally found neces-
sary to support and fix them in the proper position, go that they
may not shift therefrom by the action of the metal, or even during
the handling of the mould. In light green-sand moulds the core
may be supported or set to give the necessary thickness of metal
by using a large flat-headed nail, as shown at N N in Fig. 124, It
will be seen that the nail is further supported by two diagonal struts
in the form of long sprigs 8§, also inserted in the sand. By
this device the long nail which alone would readily pierce or sink
into the sand, is made to ofler considerable resistance by the
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locking or wedge-like action between the sand and nails, as shown.
These nails are subsequently cast into or embedded in the casting
produced, with their long points projecting from the outer surface
to the same extent as they pre-
viously entered the sand, and there-
fore require to be chipped off
during the dressing process. An-
other method of supporting the
flat-headed nail is to drive the
point N into a small block of wood
previously bedded in the sand at
the proper place below, the wood
being covered with sand sufficient .
to resist the action of the molten Fo. 124.
metal.
Fig. 125 shows three similar forms of chapleis, A, B and C,
specially manufactured for moulding purposes, and extensively used.
They differ from each other only as regards the total ares of surface

Fia. 125.

and strength of support, this being obtained by simply increasing
the number of studs from one to three or more, according to the
requirements.

Fig. 126 shows a newer form of stud, made of cast iron, in
which the flanged portion a a is thinned towards the outer edge,
in order that it may be more readily melted at its circumference
by the heat of the surrounding molten metal, and in this manner
obtain a casting which docs not allow water to pass through at the
studs, as is usually the case with the ordinary screw stud or nails.
To obtain such a result is of the greatest importance in cast-iron
pipes when cast on declivity in green-sand moulds. The east-iron
stud shown has, however, not turned out the great success that at
first might have been supposed, owing to the fact that they are
often found to have been melted throughout before the metal in
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the casting has become set, with the result that bending up of the
core takes place owing to its being free to rise, thus producing
unequal thicknesses of metal in the casting, or thin at the top,
towards the middle of its length, just as if no core nail or stud
had been used.

Fic. 126. Fic. 127.

Tig. 127 is an ordinary screw stud as usually adopted for the
purposes referred to in the foregoing.

Fig. 128 shows another form of cast-iron chaplet sometimes
used for heavy work. The surfaces in which the chaplets appear
are afterwards to be machined,
the object being that these sur-
faces when machined will present
& more uniform appearance than
when malleable iron chaplets are

Fio. 128 used. Care must be taken to have

such chaplets of sufficient strength

or thickness to resist the smelting action of the molten metal sur-
rounding it.

Chaplets and nails, however, should always be avoided as far as
possible, and especially when the castings are intended to carry
water, stcam, air, &c., under pressure, as the metal of the cast-
ing, even at the best, adheres imperfectly to these nails, &c., so as
to cause leakage at these points. It is also common to find the
metal very much honeycombed in the vicinity of chaplets, &e.,
caused no doubt by the presence of vapour derived from water
previously deposited on these metal surfaces by condensation of
the damp atmosphere of the mould, especially in the case of
green-sad moulds; such water 1s again evaporated by the heat
of the molten metal during the casting processs ; some of which
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vapour is held in suspension as the metal solidifies and becomes
thick enough to prevent its escape, with the result that the
casting is honeycomed as stated. To minimise such defects, the
tendency to condensation is reduced by coating the chaplets with
chalk, oil, tar, red lead, linsced oil, &e., either of which will, to
some extent, have the desired effect by reducing the tendency to
condensation of the aqueous vapour, or by absorbing the vapour
to some extent, such as when chalk is used.

Chaplets and nails, as already indicated, are not only required
to take up the weight of cores, but are as often used to keep the
cores in position and prevent them rising when the molten metal
is being run into the mould. This latter tendency is due to the
buoyancy of the core as a whole, by reason of the higher specific
gravity of the molten metal in which the core has become sub-
merged. Under such conditions the action of a core resembles
that of a cork when submerged in water, and the larger the size
of body submerged the greater is the force with which it tends
to rise; so that large cores, otherwise unstayed, require to be
held down or prevented from rising by means of studs such as
illustrated in Fig. 129, either single or arranged in groups at the
top side of the core, all of which remain afterwards embedded in
the metal of the casting.

If the number or size of studs adopted be insufficient, the
effect produced on the studs will be as represented in Fig. 130,
which shows the crushing effect actually produced on a stud 1 inch
in diameter, the same as that shown in Iig. 129, owing to the
number adopted being insufficient. The metal at the top part
of the casting was, of course, correspondingly thinned or reduced
in thickness, so much so that the strains set up by differences in
the rate of cooling due to the variations in the thickness of metal,
were sufficient to cause a wide crack at the thin part, just through
where the crushed stud was placed; and when the casting was
broken up further and at the position of stud, the latter dropped
out crushed as illustrated, and coated with blacking derived from
the mould, which as usual prevented it from being burned or
fused into the surrounding metal. The crushing of the stud re-
ferred to takes place, of course, more readily than when under
normal conditions, owing to the high temperatures of the sur-
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rounding molten metal, which is sometimes sufficiently high to
even melt the stud.

With such high pressures to be resisted as those indicated by
the crushed stud, Fig. 130, it becomes apparent that not only

Fia. 129. ) Fia. 130.

must the chaplets or studs in such cases be strong, but that they
themselves must be sufficiently well supported or held in the
desired position, otherwise they would readily penetrate the sand
or Joam of which the mould or core is composed; for this reason
both ends, i.e. the top and bottom of every stud, are made to bear
on square or other shaped metal blocks, as represented in Figs. 126,
127 and 130. These blocks in turn are prevented from shifting
under pressure by being wedged up against some permanent por-
tion of the mould or box in which they may be contained. In the
examples illustrated in Figs. 126 and 127, the lower block C B
is specially made so that it rests on the core-iron, while the top
block T' B is made to bear on one of the cross-bars of the top box
part, cither direct or by means of wedges and distance pieces of
iron. In Fig. 130 the stud, it will be seen, is made to bear, both
top and bottom, on metal plates embedded at the top side of the
core and also at a corresponding part of the upper surface of the
mould. The upward pressure or load produced while the metal
is still liquid is thus transmitted and taken up by the metal bars
or distance pieces indicated, the latter terminating in some per-
manent portion of the top moulding box part or loam plate as the
case may be.

In order that the latter may be sufficiently permanent and
eapable of resisting the upward thrust transmitted to them from
the core, as well as the upward pressure of liquid metal all over
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the upper surface of mould, it is necessary to add resistance by
placing heavy weights on the top part of moulding box, as shown
in Fig. 120, or in two part boxes by means of cast-iron binders
or malleable iron bolts, as shown in Fig. 103. In large and deep
loam moulds, long malleable link-shaped binders, B, Fig. 149,
are used for the same purpose, and connected to the top and
bottom loam plates as shown, by wedging up or otherwise binding
by means of strong chains.

Chaplets, such as those illustrated in Fig. 125, are often used
where the tendency to lift is not very great and where weighting
or binding is unnecessary. It will often be observed, however,
that the flat heads project slightly above the surface of the casting,
so that they require to be chipped away flush; this is due to the
sand bearing being insufficient, and therefore giving way u little
under the pressure due to lifting of the core, causing the metal
at the upper side of the casting to be correspondingly thinner than
intended. When such a fault occurs it may be remedied by
adopting a larger size of chaplet, or one having additional flat
heads.

Buovancy or CorEs WHEN SUBMERGED IN MorLTEN METAL.

In the foregoing remarks regarding cores we have repeatedly
referred to their tendency to rise or float during the casting process,
and that too so long as the metal remains in a liquid condition.
This is also the case with all those parts of a mould which become
submerged in the liquid metal owing to the difference between
the specific gravities of the core and molten iron.

To understand more fully the nature and intensity of the un-
balanced forces to be provided against in ordinary foundry practice
from the cause referred to, we will in the first place consider some
of the more familiar examples of flotation or buoyancy in water,
the specific gravity of which latter is “one,” and with which all
other specific gravities are compared. Take, for example, a piece
of wood having a specific gravity of -7, that is, bulk for bulk {%; the
weight of water. It we place this piece of wood in water we not
only know that it will float, but that %; of its bulk will remain
above or out of the water, as shown in Fig. 131. That the wood

2
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i8 maintained in equilibrium, i.e. a state of rest, shows that the re-
sultant upward pressure of water R is equal and opposite to W
the weight of wood, which acts vertically downward through ite
centre of gravity CG. The important point to be observed here
is that the resultant upward pressure R is always equal to the
weight of water displaced. Therefore we have the wood rising out
of the water until the weight of water displaced is equal to the
weight of the piece of wood ; and, further, if we attempt to totally
submerge the wood, and thus increase the displacement of water,
we increase the upward pressure R, without altering the weight of
~ wood, so that it becomes necessary to add the difference of pressure
required to produce equilibrium, when totally submerged by push-
ing downward with the hand, or other external force, such as by
placing on weights, by means of which latter the upward effort of
the wood, when totally submerged, could easily be measured. This
sinking process it will be seen is just what takes place, when loading
a ship, the primary object of which is to carry cargo or weight.
1t is therefore constructed hollow, as shown in Fig. 132, in order
to give the maximum displacement for a minimum weight of hall,
after giving due consideration to such important points as the
stability, also the shape, corresponding to the least resistance when
sailing, &c.

Fig. 133 is another example of a hollow wooden vessel, regard-
less of stability or sailing power, which, being comparatively light
for its bulk, does not sink so much as the solid block represented in
Fig. 131. The reactions of weight and water are indicated in each
example by the same letters W and R.

In dealing with sand and loam cores, in many instances totally
submerged in a bath of liquid metal, we have exactly the same
reactions as those previously described (when bodies float, or are
held down so that they are submerged in water), except that in-
stead of the specific gravities of wood and water, we now have
to consider the relative specific gravity of the core as a whole, and
the specific gravity of the molten metal. Owing to the rapid
cooling and graduslly thickening of the liquid metal until it
reaches the solid state, the action of cores considered as floating
bodies must therefore be confined to a comparatively short period,
this period being nevertheless often found quite long enough to
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permit of the core or other parts of a mould rising or breaking
away when not held down or secured sufficiently, thus destroying
a casting which would otherwise have been successful.

Fic. 131.
W
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It will of course be understood that cores differently constructed
will have different specific gravities taken as a whole. In order,
therefore, to estimate the probable specific gravity of any example,
the specific gravities of the following materials have been chosen as
representative of those used in ordinary foundry practice :—

Specific Gravity.

Cast iron as for core bars and irons .. 7°50) All contained in an
Clay .. .. . . .« .« . . 19 ordinary built loam
Riversand .. .. .. .. .. .. 188 core with iron rings
Quartz .. .. .. .. .. .. .. 275/  oOrgratings
Farth .. .. .. . . .. .. 1'52t2
Concrete (ordinary) .. .. .. .. 1'50

» in cement e en ee .. 2020

from which it will be seen that an ordinary built loam-core with
iron gratings, &c., may vary in specific gravity from 3 to 5.
2442
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In order to ascertain the amount of lift vertically, or the ten-
dency of a core to move in any other direction, it may in some
instances be found easier to look at the problem more with regard
to the extent of the various surfaces, and the different liquid pres-
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sures to which they are exposed. By this means the total upward
tendency of the core, if any, is the difference between the total
downward liquid pressure (to which must be added tbe actual
weight or the core) and the total upward liquid pressure. The
same process of reasoning is adopted to ascertauin any unbalanced
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lateral pressure. These resultant or unbalanced pressures being
ascertained, the necessary provision required to maintain cores or
any other submerged portions of a mould in their places, can be
carried out with comparative certainty.

In making such calculations it will be useful to remember
that every foot in depth, or vertical head of molten metal, produces
a pressure of 3°25 pounds per square inch on the corresponding
surfaces of the mould or cores; so that if we take an example, such
as that illustrated in Fig. 134, in which we have at A the mould
for a long barrel turned up on end before casting, in order to insure
a sound casting, and at the same time uniformity of thickness
without the aid of chaplets, &e. Immediately after this mould is
full up with molten metal, as indicated at the top in metal runner,
the pressure at the bottom, due to the maximum depth of 10 feet,
is 325 pounds per square inch, the pressure at other depths vary-
ing, or greatly diminishing, as shown by the scale of pressure ordi-
nates, at the left of mould A, until at the top level, corresponding
to the level of metal in the runner, the pressure is zero, as stated.

It will be seen that in this example, the lateral tendencies of
these varying pressures are at all points in equilibrium, hence the
core does not tend to move in that direction, and therefore does
not require to be held sideways, as already stated.

This, however, is not the case with regard to the vertical forces
in the same example A, owing to the considerable difference in the
vertical pressures P and R, acting on the top and bottom shoulders
of the core as shown, the areas of which annular surface are both
equak

Taking the dimensions as shown, viz. 6 inches, and 16 inches
diameter, the exposed annular area at the top and bottom, are there-
fore each equal to (201 — 28-27) square inches = 17273 square
inches. So that we can estimate the resultant, or unbalanced
force, as follows :—

Downward pressure P = 6:25 x 17273 .. .. = 1122:745 ponnds.
" weight of core (specific gravity = 3).. = 2118750 ,,
Therefore total downward effort .. .. .. .. = 3241495
Total upward pressure R = 20°25 x 172°73 .. = 5052-352 ,,
So that there is still a total upward tendency .. = 1810-857

= § of a ton fully.
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- This upward tendency must of course be resisted by some ex-
ternal force, such as that shown at A, in which the bottom end of
core-bar is screwed to receive a nut and washer. The latter bearing
on the cross-bar CB, as shown, prevents the core from rising,
which otherwise it would do when the metal is poured in. There
are, of course, various other means for holding down the core, such
as by cotters, etc., the choice of which will depend on the ma-
terials available. It might be asked, why not hold down this core
by applying weights at the top end, it being a more direct and
simpler method ? This latter plan will no doubt be found com-
paratively successful when the core is short or proportionately big
in diameter, but if such a core be correspondingly long and small
in diameter, by being held at the top end as proposed during the
casting process, it will at once be seen that the core and bar must
now be under compression lengthwise by reason of the weight
downwards and the vertical lift upwards ; and to this may be added
the effect produced by the expansion of the core-bar as it becomes
heated by the surrounding liquid metal, all of which tend to, and
generally do, buckle or bulge the core to one side with corresponding
variations in the thickness of metal produced. By the method of
fixing at the bottom, as suggested at A, Fig. 134, the core is free
to expand in the direction of its length, because its upper end is
free to move vertically as indicated.

In addition to the cross-bar C B referred to, it is necessary to
secure the core from dropping down as it is being raised into a
vertical position. This is readily done by passing a second cross-
bar CD through a suitable hole at the bottom end of core-bar
inside the bottom end of box part ; the whole arrangement being
made tight by means of small wedges W' W' as shown.

Example B, Fig. 134, is similar to that just described, except
that the upward tendency to rise is now greater owing to the core
being the same diameter right up to the top end, by reason of
which the downward resistance, due to the pressure on the top
shoulder, as in the previous example, is here removed.

C, Fig. 134, is another example in which both top and bottom
shoulders have been removed, and now there is neither upward nor
downward tendency of the core during the casting process, except
the downward tendency due to the weight of core and bar com-
bined. Holding down is thercfore unnceessary.
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The lateral pressures referred to in each example tend only
to collapse the core by forcing it against the bar; or by their out-
ward direction, tend to burst the mould or moulding box fasten-
ings, which must be made more secure in proportion to the depth
and area of moulded surface exposed to the liquid metal.

Figs. 135 and 136 are two interesting examples of core settings
adopted in the production of such castings as hydraulic ram
cylinders, in which one end is closed entirely as shown, and where
the usual method of supporting the dead end of the core with
chaplets i8 most undesirable, on account of the tendency of blow-
holes and honeycombing at these parts due to their presence.
Such castings would be unable to stand the specified hydraulic
test without leaking at the various points referred to, not to speak
of the corresponding weakening effects.

Fig. 135 illustrates a method by which no steadying pins or
chaplets are required. Here it will be observed that the moulding
box is made in two parts lengthwise, to permit of inspection and
free access to the bottom or dead end of the core when the mould,
etc., has been upturned so as to be vertical or hanging plumb.
Previous to this process of raising to the vertical, in this example,
the core is laid into the mould as usual ; the dead end being sup-
ported by means of two pieces of wood W W, shaped so as to give
the desired thickness of metal; the other or top end being also care-
fully set and fixed to a three or four-armed cross-head by means of
cast-iron distance pieces, wedges and clamps in the manner shown.
This latter process being completed, the mould and box (all as yet
bolted together) is raised into a vertical position ; the lower portion
is now separated at the joint A B, with guide pins as shown, so
that the thickness pieces of wood W W required while in a hori-
zontal position may now be readily removed, and the uniformity
of the width of space tested ; when this is satisfactory the upper
box parts are let down and bolted together with the lower portion
shown, so that the mould is now ready for casting. It will be
seen that when in a vertical or plumb position the core has no
tendency to change therefrom, either before or immediately after
the mould has been filled with metal, as the lateral liquid pres-
sures are in equilibrium and merely tend to collapse the core as
already stated in the previous examples. As regards the upward

*24 4
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tendency, however, the amount of lift is proportionately greater
than in either of the foregoing illustrations A, B, and C, Fig. 134,
a8 indeed it has here reached the condition of maximum upward
tendency, because we have now the entire cross-sectional area ex-
posed to the upward liquid pressure at the maximum depth ; while
the total pressures on the equal annular spaces higher up are practi-
cally in equilibrium on account of their nearness to each other, so
that the pressures on these, as indicated at A, Fig. 134, are approxi-
mately the same. The only downward tendency, therefore, is due
to the weight of the core itself. The core in this example must
be securely held down as by clamping and wedging to the cross-
head as shown, which process has also to serve the purpose of
maintaining the core centrally at the top end, so as to leave a
comparatively wide annular space into which the metal is poured.
The upper portion of the casting is made much longer than that
required, in order that the upper portion containing all dirt and
honeycombing may be removed by cutting off at C C. The branch
core D is prevented from rising by inserting one end into the main
core, and having the other end bedded tight into the sand forming
the mould proper. The main core is made up of loam and straw
wound on a malleable iron perforated tube core-bar; the whole of
the venting therefore passes through the side perforations, then up
the centre, and escapes finally through the perforations exposed at
the top end, as shown.

Fig. 136 illustrates another method of supporting such cores
often adopted for speediness, and at the same time avoiding the
special arrangement of moulding box as described for the fore-
going example. In this the moulding process is much the same,
except as regards the setting and fixing of the main core, which
it will be seen is here supported differently on both the top and
bottom ends when lying horizontally. At the top end the sand
bearing is formed in the usual manner, the metal runner being
specially formed with four or more gates as shown. The bearing
at the bottom end of the core is formed by driving a specially pre-
pared cast-iron bar into the corresponding end of the tube which
forms the core-bar ; the outer end of this cast-iron bar CI pro-
jecting 80 as to rest on the sand as shown. When the mould, etc.,
is raised to the vertical before casting, the core is prevented from
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dropping by previously providing that the outer or lower end of
C1 is bearing hard on the blocking-up piece E. It is now only
necessary to see that the core is prevented from rising vertically
when the metal is run into the mould ; this, it will be seen, is con-
veniently done by a simple cross-bar held in position by the iron
blocks and clamps as shown, space being left purposely between the
end of the core-bar and cross-bar for the final setting and wedging
up asindicated at W. By this method the cast-iron stud or bar C I
is cast into the dead end of the cylinder, so that by removing the
malleable iron tube core-bar a portion of the stud projects into
the interior space. This, however, is readily removed in the
dressing process by previously marking it with a chisel, so that it
will break more readily at the point A close to the metal.

The simple nature of the examples suggested in the foregoing
have been chosen in order to avoid complications as to the prin-
ciples underlying this part of the subject, which, if properly
applied, will enable the reader to ascertain and make the necessary
calculations regarding the effects produced in many of the more
complicated questions arising in ordinary foundry practice with
regard to the stability of cores and other submerged portions of a
mould during the casting process, or so long as the metal remains
in the liquid condition.
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CHAPTER XIIL
GREEN-SAND, DRY-SAND AND LOAM MOULDING.

Tee art of moulding may be divided into two great divisions:
namely, green and dry-sand moulding, and loam moulding. In
the first division, patterns of the articles wanted are universally
employed in forming the mould; in the second division, the
ordinary patterns are dispensed with, the objects of this division
being heavy castings of a regular form, as cylindrical bodies gene-
rally, and other circular ware, such as sugar pans and gas retorts.

Large square vessels, water tanks, for example, may also be
made by a process of loam moulding. The first division, again,
embraces every other variety of article for which there must be
patterns. Dry-sand moulding is generally employed for the
making of pipes, columns, shafts and other long bodies of eylin-
drical form, more especially when such castings are required to be
of the highest quality.

In general foundry practice still another subdivision exists,
known as jobbing moulding, which includes the casting for engines
and machinery of all kinds, also the heavier class of work, dis-
tinguishing them from the ornamental and other light work.

Amongst the great variety of work included in the various
moulding processes referred to, much and varied contrivance is
displayed in the structure both of the mould and in particular of
the cores, the management of which is usually a matter of very
considerable importance; for it is to the malformation of the
latter that much of the failure in the production of sound cast-
ings is due.

In dealing with moulding processes in which a pattern is
employed, the first consideration will be the removal of the
pattern, so as not to destroy the mould. The idea referred to
may be explained by reference to various solid bodies of the
simplest form as shown in Fig. 137 ; at A and B are a cone and
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sphere, both of which are buried in the sand so that they cannot
be withdrawn without destroying the mould, by the lifting or
removing of that portion of sand embraced by the dotted vertical
lines, drawn from the extreme points of the horizontal dimensions
as shown. In order to facilitate the removal of a pattern in such
cases without destroying the mould, it is necessary to make the
mould in two parts. The first operation in each example is to
bed the patterns as shown at C and D, so that their largest hori-
zontal dimensions are exposed at the surface of the sand, which

Scale s B
FiG. 137.

surface is made to form the dividing plane that separates the two
portions of the mould referred to. The second or upper portion
of the mould is now formed by means of a moulding box, resting
on the parting face, so as to embrace the exposed surfaces and pro-
jecting portions of the. pattern, such as that of the upper half of
the sphere shown.

Fig. 138 illustrates a development of the previous process,
for the production of hollow spheres such as mortar-shells, having
a small fuse hole, which were in use previous to the introduction
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of elongated projectiles now used for rifled guns. The pattern is
here shown at B. The core required to form the hollow interior
and also the fuse-hole is shown at C; the fuse-hole portion being
lengthened sufficiently to fill up the space left by the print, A,
shown on the pattern B. A section of the mortar-shell through
the fuse-hole is shown at a. The whole core is formed in a box
which opens in two semispherical parts to allow the core to be
extructed. A piece of double-twisted wire.is enveloped in the core,

A

Fic. 138.

projecting at the neck with a loop at the outer end. By this wire
the core is to be held down. Fig. 138 is a sectional view of the
moulding box and the moulding, showing the core in its situation
and the applications for holding it there by means of the wire,
wbich passes through the bottom of the moulding and is locked
on the under side. 'T'wo gates are also represented by which the
metal is poured. !

It is evident, then, that when the casting is formed, the fuse-
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hole is the only exit for the core-sand in the interior. The ma-
terial of the core ought therefore to be easily friable, as it can be
broken down only by external blows. Accordingly it is formed of
free sand, so tempered with clay-water or other binding materials,
as to acquire just such a tenacity as will enable it to bear the
action of the metal. The fuse-hole core is made of rock sand, to
enable it to bear the weight of the body of the core, and to with-
stand the strains to which it may be subjected. The surfaces of
the core and exterior moulding are washed with a mixture of
blackening and water, to communicate smooth interior and exterior
surfaces to the shell. A pricker is sent into the heart of the core
through the neck, forming by this means a passage for the escape
of the air confined throughout its substance.

A variety of other peculiar circumstances occur frequently which
require special modes of management. For example, a common
sheave requires a particular and an elegant process to execute
the moulding, as shown in Fig. 139. A is a diametrical section
of one. The circumference, it will be observed, is grooved out
semicircularly at @, and a hole o is made through the centre.
The object is now to mould the pattern in such a manner that the
portion of sand forming the groove a @ may be left in its place
when the pattern is drawn out. The pattern B must therefore be
formed in two halves, separated by the plane a’' passing through
the centre of the groove. These halves are prevented from shift-
ing by pins n n, or this may also be effected by a button on the
centre of the one, fitting a recess in the other, as in the figure.
There are also prints at o0 o, for supporting the core.

C represents, in section, the moulding of the pulley; d d and
b b are the boxes. The pattern is first bedded in the lower box,
and a parting ¢ ¢ formed from the under rim to the edge of the
box. The ring of sand ¢ ¢' e is, in the next place, rammed about
the pattern, filling the groove, and its upper parting surface e'c is
brought from the upper rim. Again, the upper box is placed on
the other, and also filled.

The ramming being now completed, and the gate-pin set, the
box d d is lifted off, carrying with it the impression of the upper
gide of the pattern. The upper half of the pattern being free,
is lifted away, and the box d d replaced. The whole is now
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inverted, and the box b b is lifted off, thus permitting the remain-
ing part of the pattern to be removed, which being done, and the
moulding blackened and smoothed, and the core o set in, the box
is replaced, and the two are finally reinverted. It will be observed

A
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that the annular core ¢ d e is never lifted from its situation during
the process, and when the two boxes are linked together, it is
wedged in on every side, and thus all possibility of shifting is
removed.

i
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When there may not be facilities for turning the patterns of
pulleys of large diameter, the grooves are cored out in the mould-
ing. For this purpose a core-print running round the pattern is
provided in the making, as sketched in D, which is a section of
a rim of a wheel supposed to be made with arms. The print is
indicated by the dotted lines, and a core of the sectional form £ gh
is constructed in a core-box for the purpose. As there are only
two boxes for the moulding, the pattern is mostly imbedded in
the under one, the parting being formed on a level with the core-
print at f. It is not necessary that the core be all one piece; it
may, for convenience, be formed in several segments.

As in these, so in all other instances, patterns, or parts of
patterns, to be capable of being moulded in sand, must in their
general outline taper from the surface of the sand downward.
For this reason, such parts of the surface of a pattern as may be
intended to be vertical, when it is being made, are never truly
so. A slight tapering inclination is given them, that they may
leave the sand more readily.

When it is required to produce large quantities of duplicate
castings of moderate size, it will often be found an advantage to
adopt the shell-form of pattern which, when used, enables the
core to be produced along with, and of the same quality of, sand
adopted for the mould proper without the use of a core-box, which
latter process, apart from the expense, will in many cases not be
nearly so accurate as regards the thickness of metal, etc., produced
throughout the castings. A comparatively simple example of the
use of the shell-pattern is that shown in Fig. 116, page 334, which
illustrates the moulding process; another example is that shown
in Fig. 120, page 341, the moulding and venting processes being
fully described in the adjoining pages.

To produce a cast-iron shell pattern it is usually made up first
in stucco, with the necessary allowance for double shrinkage. When
the shape or form of pattern required permits, it is produced in a
similar manner to that of a loam mould by sweeping the various
surfaces with suitable sleeker boards while the stucco remains in
the plastic condition. In some instances it is necessary to form a
mould of stucco, into which stucco in a more or less liquid con-
dition is poured and allowed to set, the outer, or mould portion
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being afterwards removed so as to leave a cast in stucco of the
desired shape of pattern; the latter, after receiving the necessary
finishing, is varnished all over with a solution of shellac and methy-
lated spirits in the usual manner adopted for patterns generally.
‘When the number of castings required does not exceed five or six,
and the pattern is not likely to be required again, the stucco pattern
may be used direct without the expense of making an iron pattern.
Great care, however, is required when the stucco pattern is to be
used direct more than once, as it soon draws damp, and becomes
easily broken. It will be seen that shell patterns are exact dupli-
cates of the castings produced (inside and outside), and only differ
by the pattern being in halves, or more than two pieces, held to-
gether by means of iron dowel pins and corresponding holes in the
usual manner.

For the more irregular forms of special pipe castings the
patterns may be made up of half rings, arranged close together,
80 as to take up the form of a special flat template made the exact
outside size and shape of the parting or scctional plan of pipe
required. The pattern formed in this manner is similar to the
ordinary shell pattern, and the moulding process is the same,
except that it requires much greater care in placing the rings
forming the pattern.

When straight pipes, bends, tee-pieces, or other special pipe
castings are required in ordinary jobbing foundry practice, the
wood pattern generally adopted is constructed in two halves, with
two or more dowel pins to prevent them shifting when put to-
gether for moulding. Such patterns, however, require separate
core boxes.

In proceeding to mould a pipe from the patterns a laying-down
board of wood, or a cast-iron plate, is usually employed, the dimen-
sions of which must always be slightly larger than the moulding box
used. The board, if of wood, should be sufficiently strengthened
so as not to be readily distorted during the moulding process.

Upon this board one half of the pipe is laid with the flat side
down, the box is placed over it, and rammed ; the whole is inverted
and the board lifted off. The remaining half of the pipe is set
upon the imbedded half, and the upper box over it, and linked to
the under one; the upper box being rammed, the patterns are
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loosened as we have in other parts described, and longitudinally
also by blows upon the ends. The boxes being parted, the patterns
removed, and the moulding black-washed with blackening, the core
is set in and the box closed. Small pipes, when there are several
to be cast, are usually moulded in pairs in one box. The metal is
poured in at one entrance, which branches to each moulding ;
shortly after which streams of aqueoug vapour mixed with hy-
drogen and other gases, arising from the imperfect combustion of
the charcoal and hay, are expelled from the extremities of the core-
bars, sometimes resolving themselves into luminous jets. Soon
after the metal is poured, the castings are turned out to cool ;
after which the core-bars are drawn from them, which is a com-
paratively easy task, as the hay has been for the most part con-
sumed, and of course occupies less bulk.

In the moulding of the various lengths of pipe that are required
for use, one pattern is made to answer. Pipe patterns are generally
made nine feet long, of which an appropriate number of lengths are
cast when more than nine feet of piping is required. But shorter
lengths also are frequently wanted, when, of course, the full length
of the pattern would not be proper. The moulding, therefore, is
cut to the required length ; in technical language, the pattern is
cut in the sand. In such a case some preparation is necessary to
form a new bearing for the core. For this purpose, two semi-
circular pieces of wood, of the diameters of the mould and the core
respectively, are sprigged together end to end, as at A, Fig. 140;
and it is obvious that by placing the larger piece in the mould in
each box at corresponding parts, and ramming fresh sand about the
former, the bearing for the core end will be formed, as shown at S
in the mould A’ below. In like manner, if the piece of pipe ter-
minate in a flange, the flange having been moulded in its place, a
half flange of the same dimensions, with a half core-print P on it,
as shown at B, Fig. 140, is set into the mould, and the bearings
for the core made up; small perpendicular branches required to be
made upon pipes are cast either horizontally or vertically, as best
may suit the form of the box. In the latter case, the branch
pattern is set loose upon the pipe, projecting upwards between the
ribs of the box, and, having been moulded, it is drawn out, and its
core set in upon the pipe-core, and the whole covered in.

2
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Besides straight pipes, others have often to be cast of different
forms, -requiring peculiar treatment. In arrangements of pipe
works there is usually a number of knees or bends in their con-
struction. These bends are ordinarily cast separate from the
straicht portions of pipe. There are usually standard patterns
and core-boxes for pipe bends of the usual square knee shape. In
the absence of patterns, however, for these and for other varieties
of short piping of the larger dimensions, they are swept up in loam,
the core within the “ thickness.”

We shall now select a fluted pipe as an example of another
variety of adaptation. A, Fig. 141, is a transverse scctional view
of a pipe, which may be supposed to be about five inches in dia-
meter, six feet long, and three-sixteenths of an inch thick. It will
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be observed that the core, or interior of the pipe, follows in form
the exterior surface, the object being to make the pipe as light as
possible, otherwise a round core might have been substituted.

To determine, then, the method of casting this pipe :—It is to
be noted, in the first place, as a general rule, all cylindrical bodies
of any considerable length are moulded in two boxes, one-half in
each. Agreeably to this, the patterns are usually divided longitu-
dinally into two halves. Referring to B, Fig. 141, which is a
cross-section of the pipe pattern, the line a a represents the main
division which would suffice for a pattern having a plain exterior.
For this column, however, deep as the flutes are, subdivisions are
necessary to render the moulding of it practicable. For it is easily
scen that the angles bbbb immediately adjoining the parting a a
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overhang the bottom of the hollow between a and b, and therefore
if the patterns were drawn vertically out of the sand, they must
break away the intervening portions of sand that occupy these
hollows. Such parts of the pattern require to be removed laterally,
and for this purpose each half is made in three divisions, as repre-

Fia. 141.

sented at ¢ c ¢, dovetailed to one another, allowing the smaller pieces
to slide off the larger. C, Fig. 141, represents the core-box for the
pipe. It is, like the pattern, parted in two at @a. On the top of
the upper half a loose piece b, the length of the box, is provided,
which being removed, the sand for the core may be introduced by
282
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the opening ; o is the core-bar, which runs the whole length for
the purpose of stiffening the core.

'The puttern having been moulded in the usual manner, one-
half in each box, so that the plane a a, Fig. 141, B, coincides with
the parting of the sand, the middle piece of each half is first drawn
out, when the smaller pieces may next be removed laterally to make
way for the core.

On this principle of construction in similar circumstances,
patterns are generally made. Fitting strips, for example, when
applied to the vertical face of a pattern, below the surface of the
moulding, are attached to it by sliding dovetails. Core-prints are
very often placed in such circumstances. In Fig. 142, which is
the pattern of a flanged plate, ¢ and
l are two core-prints, which, instead
of being dovetailed to the pattern,
are carried quite down to the plate,
which is moulded in an inverted
position ; these continuations clear
the way for the prints themselves,

Fia. 142, which would otherwise break the

moulding. After the cores are in-

troduced, these temporary vacancies are filled up with the aid of

smooth strips of wood, and the figure of the moulding restored.

In general, core-prints on vertical faces of patterns are carried up

to the parting surface with the view of making their own passage,
which is afterwards closed over the core.

Take for our next example a panelled octagon column or post.
It presents a more complicated structure than the foregoing pipe,
and to render it workable in the sand the panels are, each by
itself, made separable from the body of the pattern, being attached
to it by screw-nails which are driven from the inside. The pattern
is divided into two principal halves. When it is moulded, ths
panels, of which there are four to each half, are fixed on. When
the parts of the box are separated, exposing each a half interior of
the pattern, the screws are returned and withdrawn, thus leaving
the frame of the pattern at liberty from the panels. It is next
lifted out, and these being disengaged from the sand by tapping,
are likewise taken out in order. In this way a complete external
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moulding of the column is formed. The core, constructed upon a
stout bar, is next inserted, and the box closed upon it.

In addition to the foregoing examples, there are many others
of a more or less special nature, so that the operations of green-
sand moulding are generally recognised under two great classes,
hollow moulding and flat moulding. The former includes pots,
frying-pans, and every other kind of cooking ware, of a light,
dished form. The latter class is very extensive, and is so termed
in opposition to hollow moulding. It includes all objects of a flat
nature, plate-moulded goods, the varions parts of grate furniture,
and other ornamental work generally, stoves, smoothing irons, all
kinds of machinery that do not fall under the head of loam or dry-
gand moulding: for instance, all the cast-iron work of spinning and
loom machinery.

Take, for example, the front of an old-fashioned register grate,
which is a familiar instance of light, flat moulding. Its construc-
tion is that of two jambs joined at the top by a cross-piece. On
the back, or inner surface, it is quite flat, and is ordinarily orna-
mented on the face with raised figures of flowers, or the like. A
box is selected that will receive the pattern, and have a few inches
to spare, that the pattern may be completely surrounded with sand.
The pattern is then laid down, either on the surface of the sand,
prepared in the upper box, and which is then termed the false
part, which is lying inverted on the ground, or on a flat bourd of
sufficient size to support it in all parts, as in Fig. 142A. In either
case the pattern is laid down on its back. There is next thrown
over it a fine sand an inch deep, constituting the facing of the
moulding. It is passed through a sieve to detain the coarser parts.
Then upon the board, or upper box, which we shall call A, the
drag-box B is placed in its proper position in respect to the
pattern.

It is necessary to spread the facing of sand before laying down
the box, as its ribs prevent the equal distribution of sand. An
additional quantity of the common sand is passed through a riddle,
which saves the small stones and other refuse in the sand, and the
whole is now rammed down by the flat rammer as equally as
possible.  This is facilitated by a considerable depth of sand having
been laid on, as inequalities in the force of ramming are diminished
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at the surface of the pattern. The box is again filled up with
sand and rammed all over with the round-faced instrument. When
the sand is properly set and squared flush with the surface of the
box B, the whole is turned over, avoiding sudden shocks of any
kind, which tend to loosen the sand, and well bedded on the
ground with the box B undermost. The box A. or the board, as

Fie. 142a.

it may happen to be used, is lifted off, and the temporary bed of
sand in the box A is destroyed. The upper surfaces in the box B,
and of the pattern imbedded in it, are cleaned and smoothed by
the trowel, so that the surface of the sand is made flush with that
of the pattern all round, and also meets the edges of the box.
This forms the parting, or place of separation of the sand in the
two boxes; and that they may afterwards separate properly, dry
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sea-sand is freely sprinkled over the parting surface, and has the
effect of preventing the adhesion of the lower layer of sand to that
which is superimposed, by entering and drying its pores. The box,
which, when made up the second time, is called the cope A, is now
laid on the other, guided by the pins, and both are fastened
together by the hooks. In bringing them together their meeting
surfaces ought to be cleared of sand so as to make them bear freely
and steadily. Preparations are now made for the construction of
the gates or passages for the iron from the external surface into
the mould. In the moulding of a register grate front there are
usually four gates g g, Fig. 142, into which the iron is poured
simultaneously. The necessity for having so many openings for
the iron must be obvious, on considering that iron rapidly solidifies
as it cools from a melting temperature, and of course sets in the
form of the place it occupies.

To provide for the gates to the moulding, four taper pins of wood
are stuck in the sand of the lower box at a short distance from the
pattern, projecting upward between the ribs of the upper box.
Sand is, as before, thrown into this box, covering the flat side of
the pattern, and is rammed between the ribs until the box is filled
flush with itself. The pins -are now withdrawn, and the holes
formed by them are widened at the top into bell-mouths, to receive
the iron more rapidly, and are well smoothed there to prevent the
metal carrying with it any loose sand. The upper box is now
taken off with care, to preserve the impression of the upper side of
the pattern, and the edges of the moulding of the box B, in contact
with the pattern, are wetted with the swab to make the sand at
these corners the firmer, and to prevent crumbling on withdrawing
the pattern. Still further to facilitate this, as the pattern fits
closely in its bed, it must be loosened before being drawn, which is
simply effected by taking hold of the pattern by a sharp point, if
of wood, or by studs, which are riveted into it when of iron, and
gently tapping them laterally and downwards. The pattern is
next drawn slowly out of the sand, and it oiten occurs that the
moulding is broken in one or two places in spite of these pre-
cautions, and especially if there be much carved or ornamental
work on the pattern. The moulder Las therefore, in the first
place, to repair the damages by adjusting disjointed parts, and
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making up fractures by the addition of sand. All the more pro-
minent and more exposed parts of the moulding, as the extremities
of the ornaments, are treated with a touch of the swab, which must
be lightly applied 80 as not to spoil their sharpness. This process,
indeed, with that of applying the blackening, now to be described,
are the most difficult parts in the art of the flat moulder. The
blackening has now to be applied, and it must be by some means
pressed down upon the mould at every part, and made to adhere to
its surface. To effect this, peasemeal is used It is first dusted
thinly over the surface of the mould. It rapidly absorbs the
damp of the surface sand, and is converted into a pasty matter.
The blackening is next dusted over the newly formed paste, and
over all, the pattern is placed in its position and pressed down.
Thus the blackening is made as smooth as the pattern, and is at
the same time held well down to the sand. Channels are now
scooped out of the surface of the sand, joining the gate-holes to the
moulding ; and if the pattern be thin, each channel is widened as
it joins the mould, to afford a sufficient inlet for the iron. They
are slightly swabbed round the mouth to strengthen the edges
against the abrasive action of the iron.

Having finished the moulding, and got it in order for the
reception of the iron, the upper box is finally put on the under one
in its place, and fastened down upon it. All is now ready for the
pouring of the iron.

Before dismissing the subject of light flat moulding, one other
elegant example may be described, introducing the use of three
boxes for a moulding. The instance referred to is the moulding
of the cast-iron bushes, which are fixed into the naves of the
wheels of wagons and other vehicles, to sustain the wear of the
axles.

A, Fig. 143, is an ordinary bush for cart-wheels. The dotted
lines show the form of the interior, which is a tapered hole. At
the middle of the length as shown, a chamber is formed in the
bush so a8 to surround the axle—its object is to contain the grease
for lubrication. These bushes are always cast in pairs, and the
cores for them are cast-iron pins, having the form of the axles for
which they are intended. These pins, which serve for many suc-
cessive castings, are turncd and polished in the lathe, for the
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purpose of communicating a smooth surface to the interior of the
bushes, by which the expense is avoided of boring them out, which
would be necessary were sand cores employed.

The pattern of the bush is solid, and has, in addition, a core-
print on each end to steady the core. This is shown by @ and b,
Fig. 143, B; b shows the core extended at the ends in corre-
spondence with the prints. Bound the middle of its length a
thickness of sand is wrapped to form the grease chamber in the

Fic. 143.

bush. This part is made of sand, so"as to be separable, and thus
allow the core-pin to be driven out of the bush when cast.

The box in which the bushes are cast consists, as already
mentioned, of three parts. The length of the middle part is made
the same as that of the bushes between the small end and the tops
of the feathers. The parts are octagonal in plan, as represented
at C and D, Fig. 143, where A is the top, B middle, C bottom.

In proceeding to mould the pattern, a flat board is laid down
level, with two Loles in it at a suitable distance from each other.
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Upon this board a pair of bush patterns are set down on their
small ends, the points passing through the holes in the board
to keep the pattern steady. The box B is inverted and laid down
over them and filled with sand, which is rammed about the
patterns level with the tops of the feathers on them. The box
C is now fixed on and rammed with sand. E, Fig. 143, is a
sectional view of the boxes and their contents at this stage of the
process.

The two boxes together are inverted and set down, the box A
is fixed on the uncovered end of B,and it likewise is rammed flush
with sand. Two holes are next pierced downwards in the sand
with the handle of the rammer, one on each side of the patterns.
One of them extends just through the box A, and the other reaches
down to the box C. A and B are lifted together off C, and turned
over, the patterns, loosened by tapping, are next drawn out. A
and B are then separated. Two prepared core-pins are next set as
vertically as possible iuto the recesses left by the prints in the
sand of -the lowest box ; on the surface of the sand, at each end
of the box B, channels are cut joining the gate-holes, made by
the rammer to the two mouldings, in such a manner that the
short gate will be connected with the upper end, and the long gate
with the under end of the mouldings. B is lowered over the cores
and fixed to C, being directed by long guide-pins at the side. A
is next replaced, guided also by pins and fixed to B, It must be
placed with care, as the upper ends of the cores are at the same
time entering the recesses made by the prints, and thus the cores
are secured between the boxes A and C.

The moulding as thus finished is shown at F, Fig. 143, which
is an external view of the whole, with the interior arrangements
in dotted lines. D, Fig. 143, is a view of the upper and under
ends of the middle box, showing the gate channels. The iron is
poured into the long gate, falling against the bottom of it, the
force of the iron is broken, and it runs gently into the mouldings,
rising within them till they are filled, when it passes into ihe
short flow gate, as it is termed, from which it issues, carrying off
the refuse it may have gathered in its passage. Blackening is
not applied to these moulds, as their roughness is of no con-
sequence.
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The practice of hollow moulding falls now to be described, as
that branch of moulding naturally precedes, in order of descrip-
tion, the heavier species of green-sand moulding.

The distinct objects of hollow moulding are comparatively few
in number and small in dimensions ; there are moulding boxes for
them, individually of corresponding shape, generally manageable
by one person. Boxes in two, three, or four parts are employed
a8 the necessities of the case may require. 'We shall select for
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example the moulding of a three-legged pot, shown at A, Fig. 144.
The body of it is nearly spherical, drawn in at the neck and open-
ing towards the brim. It has two ears at the neck, by which it
18 moved about when in use, and three feet on the bottom. The
pattern is an exact model of the pot, being in two halves separat-
ing vertically. The patterns of the feet and ears are also loose on
the body of the pattern, fitting to it by pins. 'T'o form an original
pattern, the plan usually adopted is that of moulding in loam,
which will be understood when we come to describe this branch
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of the art. In the mean time it is sufficient to state that the
rough cast pattern is chucked in the turning lathe, and turned
within and without to the required form and thickness, in doing
which it is facilitated by boring four longitudinal rows of small
holes through the pattern at equal distances round it, by which
its thickness at any part may be always ascertained. Having
been smoothed and polished, the pattern is taken from the chuck
and cut in two equal halves, in which holes are bored in the
proper positions for receiving the pins of the ears and feet. The
pattern is moulded in a box consisting of four parts, named the
top, marked A in Fig. 144, B, the two cheeks, B C, and the
bottom, D. The division into parts is the same as that of the
moulding box for axle bushes last described, supposing the middle
part divided vertically in two, corresponding with the cheeks B C.
The pattern being moulded in an inverted position, the top A is
made to enclose the bottom of the pot, as far up as its largest
diameters ; the cheeks B and C enclose the remaining portion of
the pot, and the bottom D serves to close up the mouth of it.

The two cheeks are first laid down on a level board and linked
together ; the pattern is then laid down on its brim within the
cheels, being raised off the board by a slip of wood, of which the
thickness is adapted to bring the largest diameter of the pot to
the level of the upper edges of the cheeks. The patterns of the
ears are attached, and sand is rammed in round the pattern flush
with the cheeks, making the parting surface on the centre of the
pot. The surface having been sprinkled with parting 8and, the
top A is put on, led into its place by guide pins and fastened to
the cheeks. Sand is again rammed in to the level of the mouth
of the pot, the patterns of the feet and the gate-pin being set in
their places in the course of the ramming of the sand. Fig. 144, B,
shows the position of things as now described. The whole is next
inverted, and the board and slip of wood removed. The surface
of sand round the brim of the pattern is smoothly sloped off to
the edge of the box, forming the parting surface, and the bottom
D is fixed on. It is also filled with sand. The body or core of
gand filling the interior of the pattern is pierced in several places
with a pricker sent down to the pattern, forming thereby channels
of escape for the air expelled by the metal introduced. The whole
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is finally inverted, D lying uppermost, and placed on a flat board
with a hole in it to allow the escape of the air. The sand outside
the pattern is sometimes pricked, though this is but of little
importance.

The part A is now separated and lifted off, carrying the feet
and pin with it. The cheeks, B C, are next separated horizontally,
taking the ears with them; and the half-patterns are withdrawn
from the core. The external and internal moulds thus exposed
are sleeked up with appropriate tools, and blackening is dusted on
them and also sleeked up. The patterns of the feet and ears, and
the gate-pin are drawn out, the boxes B C are replaced exactly as
before, and the box A above them, the whole being again bound
together. The mouth of the gate is next formed and smoothed.
The space occupied by the pattern is now vacant for the metal.
Fig. 144, C, is an external view, and Fig. 144, D, a section of the
box and moulding. In the section are shown the parting surfaces,
and the slope of the under one.

All dished utensils are cast with their mouths downwards, and,
in some cases the area of the mouth is so small when compared
with the largest diameter, as to render it necessary to bind down
the core in the mouldings. For it is very evident that the iron
lying so far in below the core, it tends by upward pressure to
lift the core from its base. Such a result would, of course, spoil
the casting. This binding is requisite in kettle mouldings in
particular. It is simply effected by burying an iron rod in the
core, having on it a cross at the end to give it a hold of the sand,
the outer end being locked to a transverse piece which bears on
the edges of the box.

The metal requires to be at a high temperature for hollow
moulding ; for so quickly does it cool that the brim of a moderate-
size pot sets even before the mould is filled. While yet red hot the
casting is taken out of the sand and the gate piece knocked off.
This must be done at a certain stage of the cooling, as when too
soon done the gate does not break clearly off, and when delayed too
long it often carries off a piece of the bottom of the pot with it.
With a view to provide against this, the pot is made considerably
thicker at the centre of the bottom. Flat gates are formed for
flat-bottomed ware, frying-pans for example. They are wideat the
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mouth to receive the iron the better, but taper like a wedge toward
the moulding, 80 as to be easily separated from the casting. By
being of considerable extent, flat gates conduct the metal more
speedily to the different parts of the mould.

A great improvement was effected in this class of moulding by
the arrangements introduced and employed by R. Jobson, especially
where a large number of castings are required from one pattern.

In Mr. Jobson’s process of moulding, after the pattern has been
first partially imbedded in the sand of the bottom box as in ordi-
nary moulding, shown at A, Fig. 145, and the parting surface has
been accurately formed, the top box is then placed on, and is filled
with plaster of Paris, or other similar material, to which the
pattern itself adheres. When the plaster is set, the boxes are
turned over, the sand carefully taken out of the bottom box, and a
similar process repeated with it, as at B, Fig. 145, using clay-wash
to prevent the two plasters from adhering ; this forms a correspond-
ing plaster mould of the lower portion of the pattern. These two
plaster moulds may be called the “ waste blocks,” as they are not
used in producing the moulds for casting, but are subsequently
destroyed.

Reversed moulds in plaster, as at C and D, Fig. 145, are now
made from these waste blocks, the pattern being first removed, by
placing upon the bottom box a second fop box, an exact duplicate
of the former top box, and filling it up with plaster, baving used
clay-wash as before, and doing the same with the other box.
Reversed moulds are thus obtained, from which the final sand
moulds for casting are made, by using them as “ ramming blocks,”
upon which the sand forming the mould is rammed by placing a
third duplicate top box, as at F, Fig. 145, upon the ramming
block, and a corresponding bottom box, as at E, upon the ramming
block.

The requisite gits, or gates, runners and risers, are formed
previously in the original sand mould, and are consequently repre-
sented in the ramming blocks, D and E, by corresponding pro-
jections or ribs upon the parting face of the one and hollows in
the other, which are then stopped up with plaster, and these are
properly repeated in the final sand mould, E and F; these last
therefore, when put togetner, form a complete mould for casting,
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-¢ an ordinary sand mould, as at G, Fig. 145, but having
a0 important advantages.

F16. 145.



384 FOUNDING AND CASTING.

Any number of succeeding moulds can be made from the original
ramming blocks by the simple process of ramming, without any
bandling of the pattern or turning over the boxes, both top and
bottom moulds being rammed independently and at the same time
if desired. The parting being once accurately formed in the
original mould, all the succeeding ones are necessarily correct,
without any farther care being required ; and by carefully trimming
the original, and by slightly paring down the inner edges of the
parting faces, if requisite, the faces of the final sand moulds have
a corresponding fulness, and are readily adjusted, after the first
trial, to fit so closely together, that practically no fin is left on the
castings. Also the labour of forming the gits and runners afresh
for each casting mould is avoided, by having them completely im-
printed upon each mould in the process of ramming ; and by this
means all risk is avoided of imperfect castings arising from want of

_uniform care or judgment in the formation of the gates by the
moulder in the ordinary process. This is the more important in
the case of difficult castings, where several trials may be required
before the best mode of running the metal is ascertained so as
to ensure sound, good castings ; and by this process the exact repe-
tition of the same plan is ensured, without requiring any further
attention from the moulder.

A small hollow is imprinted in the ramming block for the top
box, into which the plug for forming the gate is rested while the
box is rammed, and by this means the gate is ensured being formed
in the right place, without any care on the part of the moulder.

The process of moulding by this plan is so simple and certairf,
that ordinary labourers are quite sufficient to make the best casting
as they have nothing to do but ramming the sand upon the tw:o
blocks in each case, forming the back and front of the pattern, and
putting them together without having to pay any attention to
the parting gates or runners; and also it is much easier to lift
the boxes from the blocks when rammed, than to pick out the
pattern from the face of the mould as in the ordinary process.
The whole being in one solid mass in this plan, it can be lifted
more steadily, with less risk of injury to the sand mould.

When the pattern is long and very thin and intricate, as in the
case of an ornamental fender-front, where the general surface is
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also curved or winding, as in Fig. 146, the difficulty of picking
out the pattern from the mould is so great as to require the most
skilful workmen, and the length of time required for repairing the
injuries of the mould causes about eight sets of fender castings a
day to be the general limit to the number that can be moulded by
each man and boy. But however difficult the pattern may be to
mould in the ordinary way, if it is arranged to “draw ” properly
from the mould with this process, the labour is very little greater
than with an easy pattern ; the saving of time is so great that as
many as thirty a day are moulded on an average by one labourer
and a boy, being four times the number that the best moulders can
produce by the ordinary plan.

Fia. 146.

When the pattern is slender and long, it is liable to be broken
in the frequent handling to which it is subject in the ordinary pro-
cess of moulding, and the expense and delay caused by the breakage
of patterns is of serious consequence in light ornamental work,
where the patterns are often very expensive; but in this plan such
defects are entirely avoided, the pattern is never handled at all,
except by the ordinary process of moulding to form the ramming
blocks.

When the face of the castings is required to be particularly well
finished, a brass or other metal pattern is made, and is dressed up
and finished to the degree that may Le required in the castings,

and any chasing or other additional ornament put upon it; then,
2c



386 FOUNDING AND OASTING.

after forming the remaining block for the bottom box by a plaster
cast from the pattern in the manner before described at B, Fig. 146,
the pattern itself is made from the permanent face of the ramming
block for the top box, A, by leaving it in the mould when the
plaster is poured in, so that the plaster forms merely the parting
face and a solid back to the pattern. In this case the iron pattern
is secured to the cross-bars of the box by several small bolts screwed
up to plates at the back of the box, so that when the plaster is
poured in, filling up the whole vacant space of the box, and setting
solid round these bolts and over these nuts, the iron pattern be-
comes so firmly secured in the box that no ramming or moving it
i8 subjected to afterwards has any risk of loosening it.

In this plan the mould for the face of every casting is formed
from the original metal pattern, and the pattern itself is firmly and
permanently secured in the plaster bed, so that however thin and
delicate it may be, there is no risk of injury to the pattern in
moulding any number of castings; as many as 3000 have been
cast without injury from a slender ornamental pattern.

In forming the ramming blocks, common plaster of Paris is
most generally employed as the most convenient and economical
material, and this is found to be sufficiently durable for general
work. The blows of the rammer are deadened by the sand in the
box, and do not fall directly upon the plaster block, so that there
is no risk of injury with ordinary care in ramming. As many as
4000 castings have been moulded from one pair of plaster blocks;
but when a greater number of castings are required to be moulded
from one pattern, or when the size or nature of the mould renders
a harder face advisable, a metal face is employed for the ramming
block of the bottom box, or for the parting surface of one or both
blocks. This is formed simply by running into the mould, when
prepared for the plaster, a small portion of metal, consisting of zinc
hardened with about one-fifteenth part of tin, sufficient metal being
used to form a strong plate for the surface of the ramming block,

1 and the rest of the space at the back filled with plaster as usual.
(b practice it is more convenient generally to reverse the mode of
Feqing this metal for the face of the mould by first ramming the
T W ghien prepared for the plaster, full of sand, then lifting it off,

box, - of ring off the surface of the sand wherever metal is wanted to

aBd I)a
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such depth, about three-eighths of an inch, as may be desired for
the metal, and when the box is replaced in its former position, the
metal is run in, filling up these spaces where the sand has been cut
away. The sand in the upper box at the back of the metal face
is then all removed, without moving the box, part at a time if
requisite, and plaster poured in above to fill up the box and make
a solid back as before.

The metal face is firmly secured to the plaster back by several
small dovetail blocks cast upon the back of the metal by cutting
out corresponding holes in the sand mould before the metal is run
in. Various modifications of this plan of construction are em-
ployed, according to circumstances, for economy or convenience,
and sometimes the face of the ramming blocks is partially covered
by separate pieces of metal ; but in every case the entire face of the
two ramming blocks forms a perfect counterpart of the intended
casting, surrounded by parting faces which exactly fit one another,
because the one has been moulded from the other.

When the pattern is long, and a metal face is employed, a
narrow division is made, subdividing the metal face into two or
more lengths to allow for the shrinking of the metal forming the
face, the effect of which is then found to be imperceptible. The
plaster-ramming blocks are varnished, when dried, to preserve them
from damp, and in moulding from them the faces of the blocks are
dusted with rosin, to prevent adhesion of the sand. '

Jobson’s process of producing the blocks, though somewhat
complicated in description, involves practically but little increase
of work over the process of moulding required for the first casting
produced by the ordinary method, but every subsequent casting,
instead of requiring a repetition of the whole process of the first
moulding, as in the ordinary method, is moulded by simply ram-
ming the boxes upon their respective blocks.

It has to be noticed that in the ordinary plan of moulding, and
by the odd side and plate methods, one side of a pattern is not
available while the other is in use. DBy Jobson’s process each pat-
tern is equal to two, as it will be evident that both blocks may be
worked from at the same time.

The gates for any casting are a matter for particular care.

In the language of the shiops, all the passages leading the fluid

2¢2
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metal into the mould are called “ gates,” each of which, however,
has its own peculiar name; hence the large opening into which
the metal is first poured is termed the pouring gate. The recess
below, or in connection with the pouring gate, for skimming the
iron, is termed a skimming gate ; the little passages from the skim-
ming gate to the mould are sprue gates, usually “sprues” only;
and those openings by which the supply of iron is kept up after the
casting is poured are called feeding gates.

The form, size, number, and proper arrangement of either or
all of these have a decided effect upon the soundness and cleanness
of the casting to which they appertain, and should be arranged as
to size and position with especial reference to the sizes, shape, and
character of the work in hand.

Most of the following remarks on gates are from the pen of
R. E. Watkins, whom we have before had occasion to quote. The
pouring gate, being the principal entrance for the iron, will be
noticed first. When placing this, it must be so arranged as to
admit the metal to all parts of the mould at nearly the same time,
hence its position must be central, or nearly as central as the nature
of the work will permit.

Its cross-section should be circular, for the reason that this
form presents the least refrigerating surface for a given area, hence
it is best to retain this form throughout as much of the length as
possible, whatever its form at its junction with the casting. There
are cases where this form cannot be retained, especially in some
classes of loam work ; still it should not be deviated from if at
all possible. Nuarrow flat gates are the worst of all possible
forms.

The proper diameter for gates of this class should bear a
certain ratio to the refrigerating surface of the mould. If they be
too small, the casting will sufler; if too large, unless intended as
skimmers, there is a useless expenditure of iron. It is almost im-
possible to lay down an exact formula for this orifice. Iron in its
melted state will necessarily follow the laws governing fluids ; henco
the usual formula for ascertaining the diameter of a pipe for a given
discharge will answer in this case also; a constant must, however,
be included for each square foot of mould area or cooling surface ;
for, taking the cases of a ~tove-plate and a solid ball, cach weighing
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one hundred pounds, it is at once apparent that the stove-plate re-
quires & much larger gate area than the ball, or the metal would
be so much impeded by its friction through the passages as to lose
its heat, and run thick over the extensive surface presented by the
one as compared with the compact form of the other. For small
castings it is probable that little attention would be, or indeed
need be, paid to formulse if they did exist, but in castings of large
single-loam work especially, its convenience would become at once
apparent,

For some classes of work it becomes necessary to be particular
that none but clean iron enters the mould; to attain this end
skimming gates are employed. The forms of these are various,
yet when the moulder once understands the principle of their
operation, his judgment will at once enable him to design any
style that would be most likely to meet his particular case. The
principles usually employed are those of specific gravity and cen-
trifugal force.

To attain the end by specific gravity, the pouring gate is made
of much larger area than would be necessary if it were to be
employed as a pouring gate only; the orifice at the junction
with the mould is not, however, increased above that required for
the ordinary pouring gate. The metal having filled the gate, the
small orifice into the mould throttles down the flood, allowing time
for the lighter material to separate from the iron and ascend to
the surface of the gate, where it will be found after the casting is
poured.

The centrifugal-force principle is employed by forming a
chamber between the mould and pouring gate, to both of which
it is connected by small chaunels or “sprues.” The shape of
this chamber and arrangement of the sprues accomplish the whole
end.

In onc manner of employing this principle the chamber or
skimming gate is formed by moulding a lall equally in both cope
and drag ; the sprue from the pouring gate is then led into it at a
tangent to the outer edge or circumference. The sprue to the mould
is taken out radially from the axis. It is best to take the sprue to
the mould out just at the Dack of the sprue from the pouring gate,
that the iron may travel around as much of the chamber, before it
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is drawn off, as possible. It becomes at once apparent that the
metal entering from the pouring gate is thrown violently against
the walls of the chamber, which from its shape imparts a rotary
motion thereto, and the constant supply of metal causes the iron to
tuke upon itself a rapid spinning motion, whereby the heavier body
(iron) is thrown to the outside, where it is drawn off by the sprue,
and the lighter body (dross) is forced to the centre, where it re-
volves about the central axis.

It is, of course, necessary that all the sprues to the mould be
taken out of the drag side of the flask, while those from the
pouring gate may be either in drag or cope. It is not important
that only one sprue should be led from the chamber to the mould ;
a number may be employed if the nature of the work requires it.
It is essential, however, to have the sprues to the mould of less
ares than those from the pouring gate, that they may act as a
check upon the fluid iron, and give time for the foreign matter to
separate.

Feeding gates are employed in large castings for the purpose
of supplying iron taken up by the casting in shrinking. Their best
position is undoubtedly over some thin portion of the casting likely
to be injured by the shrinkage strains, because the hot iron being
supplied to that point the longest, will enable the strains caused by
the rest of the mass in cooling to adjust themselves without injury
to the weaker part.

More than one feeding gate to a casting is unnecessary, for the
reason that for every gate added the feed is correspondingly slow,
and the orifice more likely to clot up. To secure a clean gate it is
nccessary for the feed to be more rapid, necessitating the constant
supply of fresh hot iron. If, however, two gates be employed, the
feed is only half as fast as with one, and the opening will chill up
in half the time. If three gates be used, the feed in each will be
reduced to one-third, and the difficulty of keeping the gates opened
will be enhanced three times, and so on for each additional gate ;
and when the gates are knocked off, a blemish in the form of a
shrinkage hole will be found at the root of each, owing to the
chilling up of the gate before all the shrinkage had been supplied.
This will not be so when only one gate is used, for the reason that
the gate remains open till the last possible shrinkage takes place,
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and there is no further tendency to strain after the gate has chilled.
If a blemish of this sort does occur with one gate, it is because the
feeding had not been properly attended to, and the metal was
allowed to get so cool before the hot iron was added that the end
in view was defeated.

Shrinkage holes usually occur between gates, and are explained
by the walls of the gates chilling the mass contained therein before
the mass of the casting had ceased shrinking. As the gate chills
from the sides and top, it may be likened to a capped pillar, the
central part strained away. The top of the gate being exposed to
the atmosphere, it will chill most rapidly from the top toward the
bottom, therefore the softest mass will be that nearest the casting,
and that part it is that will supply the shrinkage required by the
casting ; hence & cavity is the result.

There are several points in the practice of green-sand moulding
generally, to which great attention must be paid. In the pre-
ceding account we alluded to the necessity of the sand being
rammed as uniformly as possible. Now it may be rammed too
closely together, so as to impair its capability of conducting away
the confined air and the gases generated by the heat. There must
be a degree of ramming applied proportioned to the heaviness of
the casting. If the sand be too closely rammed, the current of iron
flowing over the moulding is agitated by the air not being allowed
to pass freely off. In consequence it breaks up the sand, and
heaves it to the surface, and it is easy to see that this produces
excrescences on one side of the casting, while corresponding defi-
ciencies exist from the same cause on the other side. If, again, the
sand be too loosely rammed, the iron by its weight presses it
outward off the moulding, which renders the surface uneven and
swells the casting. Moreover, a certain degree of humidity in the
sand is necessary for the goodness of the casting. When the sand
is deficient in moisture, the iron is apt to penetrate its pores on the
under surface, and so detach the particles of sand there, producing
an effect similar to that occasioned by over-ramming. On the
contrary, if there be an excess of dampness in the sand, the iron,
by the sudden formation of aqueous vapour, is frequently repelled
altogether, and ejected at the gate like shot. Should this not take
place, though the iron may make its way through the mould, the



392 FOUNDING AND OASTING.

bubbles of vapour form cavities in the casting towards the under
side principally, as this side bears all the run of the iron passing
over it, and is thus more severely tried than the upper side, the
iron simply rising to that side, and is there at rest. Excess of
dampness, and of over-ramming, are thus nearly alike in their
effects, and are the more dangerous extremes. In cases of very
large castings, if the air expanded by the heat and the other gases
generated do not find a ready vent, they burst through every
resistance with explosive energy.

The quantity of blackening to be applied must also be of a
porticular quality. In noticing, in a former chapter, the nature of
blackening, and the manner in which it is operated upon by the
iron, reference was made to the continued evolution of gas by com-
bustion. If then, by the action of the iron upon the blackening
in the mould, too much gas be formed, it collects in globules, and
forms corresponding indents in the casting. Theskill of the green-
sand moulder consists in so laying on the blackening as to produce
equilibrium between the antagonistic forces of the iron advancing
and the resistance of the gas produced. After having been pressed
down by the pattern, the loose blackening is rubbed off and blown
away. When this is not attended to, the blackening is raised in
layers from the surface by the iron, and deposited in other positions,
giving the casting when cool a rough clouded appearance. In
forming the surface of the blackening upon ornamental moulding,
by pressing down the pattern upon it, care must be taken to
have the pattern perfectly dried before being laid over the black-
ening ; for if at all damp, this will adhere to it, and take the
peasemeal with it, and so destroy the moulding. And even
though it be quite dry at first, yet it may, by lying too long in the
sand, contract damp, and so spoil the mould. Swabbing is to be
avoided when not essentially necessary, as the formation of vapour
by the contact of the iron with the water is, as before noticed, apt
to agitate the current, and to make the flow irregular. The object
of forming the gate to one side of the moulding, is to check the
violence of the iron in motion, and to introduce it with regularity,
Were the gate formed directly over the moulding, any delicate
ornamental work would be worn oft by the continued action of the
jron, thongh certainly it may be so placed if the moulding at that



HEAVY GREEN-S8AND CASTINGS. 393

part be plain. We noticed the necessity for a number of gates to
the moulding. The number of these varies with the extent of the
surface of mouldings in general, and also according to their thick-
ness. A comparatively deep moulding might be well filled by
only one gate, whilst another of just the same horizontal surface,
bat shallower, would require two or more gates. In short, there
must be as many gates as are requisite to ensure the metal’s having
thoroughly filled the mould when liquid. Theiron therefore should
be run in as quickly as possible to fill the mould completely, and
this is especially to be attended to in cases of light, flat, and hollow
mouldings, as in these the extent of the cooling surface is great
compared with the depth or thickness of the iron.

Heavy Green-Saxp WoRk.

In taking up the subject of heavy green-sand moulding, we
enter upon an extensive field of practice, and it will be necessary,
as before, to select such examples as appear best adapted to present
fair general views of the subject.

In connection with some observations on the practice of green-
sand moulding generally, stated at the conclusion of our notes on
light flat moulding, we must here remark the introduction of a new
element, namely, powdered coal, into the sand, in a state of simple
mixture, its office, as before remarked, being to assist the blackening
in resisting the penetrating action of the iron. As this action
exists just so long as the metal continues in a liquid state, the
blackening alone proves sufficient to resist it in cases of light
moulding ; whereas in heavy mouldings, there being a much greater
body of metal together, its temperature falls so much the less
rapidly, and it of course continues its action as a liquid for
a longer period. Consequently coal-powder in addition becomes
necessary to withstand the attack of the iron. But, further, the
proportion proper to be mixed is a matter of considerable nicety,
and is dependent on two circumstances: first, the length of time
that the liquidity of the metal continues has a simple relation to
the bulkiness of the metal ; secondly, the temperature of the metal
on being poured into the mould does proportionally increase or
diminish the original intensity of the action on the sand, as well as
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affect the duration of this action. The correct adjustment of this
point must be left to the skill of the workman, derived from his
previous experience.

A redundancy of coal in the sand renders the surface of the
casting formed in it faint; that is, its outlines are imperfectly
developed, or, to use again the language of the moulder, the casting
is not sharp. This is the natural and obvious effect of the repellent
power of the superabundant gas generated by the heat from the
coal. On the contrary, a deficiency of coal proves equally hurtful to
the quality of the casting, as the gas produced from it is too weak
to maintain the well-balanced action of the opponent forces. The
iron having burnt through the blackening, penetrates the sand,
which at the surface becomes incorporated with the metal, and
produces therefore a peculiar roughness on its surface. In order
to make the casting in the most proper manner, the sand and coal-
powder should be mixed, not only in a proportion suitsd to the
body of the metal to be cast in the mixture, but also as uniformly
as possible.

Peasemeal is not generally used in the ordinary flat mould-
ings, its object being to hold down the blackening applied to
mouldings of an intricate or ornamental character. Now the
parts of machinery generally have their surfaces plain, which
are therefore easily accessible to the trowel and sleeker.

For large castings, the bed of sand which forms the floor
of the foundry is commonly used for constructing the moulds,
serving thereby the purpose of the drag-box. The chief defect
entailed by this method, which is indispensable in some cases, is
that the moulder has to work in a very uncomfortable position.

Fig. 1 of the accompanying Plate is an external view of the
bed-plate, showing the upper surface of an early form of high-
pressure engine, by no means a form to be imitated, but merely
given here for illustration. It was arranged to maintain six
columns, surmounted by an entablature. At one end, b, a flat
form for supporting the cylinder is cast across the plate, stiffened
by a deep flange at the edge.

It is a general practice in founding to dispose of the moulding
gso that those parts of the casting towards which the greater
quantity of metal exists may be undermost. In this way greater
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security is found for the soundness of castings at the more im-
portant parts.

Now the bed-plate is, for the most part, entirely open on the
under side, a8 may be seen on referring to section, Fig. 4 ; and this
is particularly the case in modern examples. It ought therefore
to be cast with that side uppermost, according to the preceding
statement.

For reasons which will be better understood as we proceed, the
pattern of the bed-plate, of the same form externally, is not made
open like the bed on the under surface. Neither are the oblong
black spaces, shown in the sides, executed in the pattern ; its cross-
section at every point is a four-sided figure. This form of pattern
in the sand will, of course, leave a plain open space of the same
breadth as itself. Cores of sand, of the form of the internal void,
must therefore be introduced into the moulding to complete the figure
of the casting. Fig. 8 exhibits the under side of the pattern. At
a the patterns of the steam-ways are placed. They are not fixed
to the surface on which they stand, but are simply prevented from
shifting laterally by small pins or snugs. They are made solid, so
that they too, like the plate itself, require to be cored out, and
accordingly the prints for securing the cores in their positions are
added to the patterns of the flange, which itself is attached loosely
to the pipe patterns. On the opposite side of the main pattern,
prints are likewise fastened to receive the cores for the column
sockets, Fig. 7, and to the snugs, s s, etc., to core out the holes in
them.

A level bed in the sand upon the floor, of sufficient extent, is
in the first place prepared for the pattern, which is then set down
upon it and well bedded in its place, which is effected by blows
given to it over the surface; the object being to form a complete
impression of the under surface of the pattern. Sand is further
luid in and rammed about the pattern on all sides, till it be brought
up flush with the upper side, forming thereby the parting surface,
on which the parting sand is strewed.

The next stage of the process is to lay the upper box or boxes
over the pattern, and to fix them in their places by stakes of wood
driven into the floor, which also guide us to replace them accurately
when moved. If there is not a single box large enough to embrace
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the whole of the pattern, two or more smaller boxes are placed end
to end over it, resting upon the sand external to the moulding, and
answering the purpose of a single box. The ramming of these
boxes is conducted in the usual manner, except at the end A.

Here it is evident that as the platform or cylinder plate is now
on the under side of the pattern, the body of sand filling the
space immediately above it to the level of the upper side must be
lifted out to get the pattern removed. At the same time, the
weight of such a deep body of sand adhering to that in the over-
lying box, would overcome their cohesion—it would break away
altogether. As the box is therefore incapable of carrying it with
it, it becomes necessary to have this load of sand supported by
independent means. .

An iron frame i8 cast in open sand of the same form as the
sunk space, but somewhat smaller, as allowance for the contraction
of the casting, in the course of cooling, must be made to allow
the plate to be withdrawn after the casting is executed. In cases
where this precaution has not been sufficiently attended to, the
jamming of the plate, enclosed on more than one side, has been
the natural consequence, and sometimes the destruction of the
casting by cousequent fracture. In the centre of the frame a
sufficient opening is allowed for the steam-ways. This frame is
laid in the bottom of the recess, and as its under surface now
faces the moulding, it must be enveloped on that side in the sand,
to protect it from the immediate action of the metal afterwards
poured into the mould. To assist its adhesion, the frame or plate
is studded on the under side with numerous tooth-like projections,
which are imbedded in the sand applied. Sand is now thrown in
above the plate surrounding the steam-ways and well rammed, its
parting surface being made flush with the upper edges of the
pattern of the pipe-flange in the centre and of the contiguous
body of sand forming the interior part of the moulding, their
parting being just over the stiffening flange of the cylinder bottom.
With this preparation the upper boxes, as already said, are set
down and filled.

"There are prepared six moulding gates to the moulding, and
eight flow gates. Of the pouring gates, or those by which the
wmoulding 18 filled, two are placed along cach side, about 4 feet
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distant, and two at the cylinder end of the moulding, while none
are made at the other end. This unequal division is necessary on
account of the heavier nature of the moulding at the cylinder end;
the design of the whole being to have the moulding filled uni-
formly. The flow gates are distributed equally over the moulding.
These will be again referred to.

Before lifting off the upper boxes, the pattern being now com-
pletely moulded, the latter is so far loosened in the sand that this
may not stick to it, and so spoil the operation. This is effected by
gentle jolts communicated to the pattern by means of one or more
pieces of rod iron, which have been screwed vertically into the
pattern before finally ramming the sand in the upper box, or
which merely enters into holes in the pattern. These rods being
sufficiently long to pass out through the sand when the box is
filled, it is upon their upper extremities that the blows of the
hammer are given, both vertically and horizontally, the force
being regulated by the force and magnitude of the pattern. The
rods, unscrewed if necessary, are now drawn straight out, and the
upper box is in readiness to be lifted smoothly off.

After the box is removed, the plate and its overlying core of
sand, as it may be termed, deposited at the recess of the cylinder
end of the pattern, are lifted out of their situations by arms rising
through the core, carrying with them the pattern of the steam-
ways, which is at liberty to go, for, as we have already noticed, it
stands loose on the main pattern. That pattern itself is not in
one piece; the flange, which is separate, is lifted off towards the
upper side of the core, and the remainder of the pattern is drawn
out by the under side. This is evidently the only mode of ex-
tracting the pattern, and shows the necessity in such cases of
constructing patterns in twenty or more pieces to adapt them to
the exigencies of the case.

The parts of the mould, in the neighbourhood of the pattern,
must now, after the box is removed, be pierced with small holes
executed by wires traversing the whole body of sand, with a view
of rendering the moulding more porous, and of facilitating thereby
the escape of the air and other gases; the mould is also watered
along the edges to increase the coherence of the sand.

The pattern itself is taken out by lifting it in all its parts at
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once by pins secured into it at several places, so as to be raisei in
a truly vertical position. This manceuvre is performed by several
men, who, while they lift the pattern with one hand, strike it
geutly and constantly with the other, thus continually checking
any efforts made by the paitern to tear away the sand of the
moulding ; and now especially is this remedial application necessary,
as the pattern is much more engaged in the lower moulding than
in the upper, which indeed is the case in mouldings generally.
Unavoidable degradations in one or other of the two parts of the
mould do nevertheless occur, and these the workman repairs with
damp sand by means of his trowel.

The moulding is next smoothed over the surface by the trowel,
and a sprinkling of charcoal is then applied, and polished likewise
by the trowel. It is, however, omitted for very large castings.
Sometimes also, in order to avoid using too much charcoal, the
surfaces are lightly dusted over with sand finely pulverised,
through a bag. The moulding is now ready for the reception of
the cores, the making and depositing of which claim the particular
attention of the moulder, as the figure of the future casting will
very much depend upon his accuracy in these respects.

Cores of several forms are necessary for the completion of the
moulding. There are, first, the cores for the column sockets, of
which there are six; then the cores for the intermediate portions
of the bed-plate, of which also there are six, there being two on
each side between the socket cores, and one at each end; again
two cores, for the holding-down bolt-holes in the snugs at the
Lases of the columns, as well as for the holes that may be required
for the bolting down of pedestals, etc., to the bed. For all these
there are simple prints sprigged upon the pattern at the proper
places, the impressions of which in the sand serve to hold the
cores securely.

As we have already remarked about the beginning of this
chapter, the cores must be made nct only of the exact size and
ghape of the vacancies in a casting, whether partial or thorough,
which they are intended to form, but allowance must also be made
on them for the core-prints when they are necessary. This allow-
ance then is provided in the cores for the column sockets, for
which there are prints on the under side of the pattern. These
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sockets go through the bed, and are square in the body and round
at each end, as may be understood on referring to Figs. 6 and 7,
and to Fig. 9, which is a plan of the moulding showing the cores
in their places. Fig. 10 is a longitudinal section of the moulding,
taken through the steam-ways. In both figures ff f is the sand
of the floor, in which the moulding is formed, constituting the
interior as well as the exterior of it ; b, etc., are the cores of the
column sockets, seen in dotted lines in the section; ¢, d are the
cores for the steam-ways, which in Fig. 3 are seen projecting into
the sand, and below filling the recesses made for them by the
prints. Figs. 3, 4 and 5 explain the shape of them. They are
formed in boxes, which open in two for the purpose of extracting
them. These, with all the other small cores, are dried upon hot
plates, heated by stoves. At a and e e, etc., the cores are shown,
forming the spaces in the moulding intended to be vacant. Near
the under side of each, in Fig. 10, are shown the plates, indicated
by dark lines, which sustain the cores. The whole, however, must
be sustained by the bottom of the moulding, leaving a space of
the required thickness of the casting. This is effected by placing
chaplets there; these are simply strips of sheet iron of small
lengths but with double knees, thus [. If the depth of these be
just the thickness of the metal, then by placing several of them
along the bed of the moulding they support the cores placed
over them, keeping the space clear for the metal ; of course these
chaplets will be imbedded in the casting, where they are allowed
to remain. The double knee cores at both ends of the moulding,
it will be observed in Fig. 9, are put together, each in three
pieces. In constructing the cores e e, etc., plain square bodies
of sand of the dimensions of the interior of the casting are in
the first place formed in boxes of the same size, including at the
same time iron frames enveloped in the cores. Now, the small
cores that are necessary to the oblong openings in the sides of
the casting are simply attached in their proper positions to the
sides of the main cores e e, etc. They are formed and fixed on
by simply applying upon the larger core an open box of the form
required, into which the sand is packed, thus causing it to adhere
to the main core; when the box is filled, the sand is squared off
by a straight edge flush with the surface of it. It is evident that
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if the box be lifted off, it leaves its core behind it. All the other
similar cores having been made and set in their places, the mould-
ing i8 finally closed, the upper box being replaced, as seen in
section ¢ ¢, Fig. 10. This requires to be done cautiously and in a
truly vertical direction, as it now receives the upper ends of the
cores which project above the moulding, and also bears upon the
other cores, large and small, which do not require any additional
security.

When convenient, two or more gates are connected to one central
reservoir, all built on the surface of the sand. Gates at considerable
distances from others are usually supplied separately with iron from
hand-ladles. The other gates that are connected are supplied by
crane-ladles, which are conveyed by cranes from the cupola to the
moulding. The ladles will be afterwards described. The flow-
gates, while the metal is being formed, are plugged with clay-balls,
to “keep down the air-” in the moulding. These plugs are drawn
out when the moulding is filled and the iron flows up. It is thus
judged whether the casting is complete. The plugs must not be pre-
maturely drawn, as by the too free egress given to the air, the bottom
of the mould is apt to be disturbed by the air confined in the sand.

When the metal is poured, the ¢ feeders” are immediately
applied at the flow gates. These are rods of iron which are plunged
into the liquid iron, and wrought up and down in it. By this
agitative process the liquidity of the iron about the gates is of
longer duration than otherwise maintained. It is therefore enabled
to supply itself with additional iron from the flow gates, for it must
be understood that in cooling down large bodies of metal, the
surface sets, while the interior is liquid ; and therefore when the
interior further contracts, it draws in the surface metal towards the
centre, and if not fed as above described, the casting assumes a
vesicular or honeycombed structure which weakens it consider-
ably. To avoid such a result as far as possible is the object of
the agitation produced by the rod.

Amongst the great variety of work dominated green-sand
moulding, much and varied contrivance is displayed in the structure
of the moulds. In particular, the management of cores is a matter
of very considerable importance, and the malformation of them is
a prolific source of failure in the production of sound castings.
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Of the use of plates in moulding, an example has already been
given in the account of the moulding of an engine bed-plate. A
different application will now be described in relation to the
moulding of a lathe-bed. A, Fig. 147, is an end view of the
bed; aa are the upper sliding surfaces overhanging the sides ;
these are connected and stiffened at several parts by deep flanges
joining them. The surfaces a a, as they are the most important
parts of the bed, are, according to the general rule, moulded under-
most, the object being to secure a sound structure at these parts,
free from blown holes and impurities, which collect, more or less,
towards the upper side of every casting. B, Fig. 147, is a section
of the pattern and moulding. The parts a a are simply attached by
loose pins to the rest of the pattern. The first step is to bed the
pattern, in an inverted position, thoroughly on the floor, which is

Fia. 147.

levelled and smoothed all about it. Plates b, extending the whole
length of the pattern, are set along both sides of it, an inch or so
apart, to support the sand exterior to the pattern. A series of small
rods, either of wood or irom, is placed on each plate. These rods
overhang it on the side next the pattern, from which, however, they
must be at some distance. In this way the rods form a projecting
platform, by which the sand that would overhang the plate is
sustained. If of wood, the rods are dipped in clay-water, that they
may adhere to the sand. The moulding is made up with sand, flush
with the pattern withim and without. The parting is formed and
covered in by the upper box as usual, which being lifted off, and
the pattern having been loosened, it is drawn ou:. leaving the
loose pieces e a imbedded in the three masses of sand nno. The
masses nn resting on the plates are raised and mbved aside by
I 2p
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handles which are cast upon the plates and project upwards. The
pieces a a being thus relieved are edged out from below the sand
o, and removed. nn are replaced as before, guided by conical
projections from the plates, and the moulding is covered by the
upper box.

Plates are also employed in the moulds of bevel-wheel patterns
for lifting the bodies of sand sunk between the arms. Frequently,
too, in miscellaneous cases, where considerable depths of sand occur
in the upper part of the mould, slips of wood are planted vertically
in the masses, reaching upwards between the ribs of the apper
box, their object being to bind the whole body of sand the more
firmly together.

Fig. 148 illustrates another interesting and instructive example
of green-sand moulding. The main body cores, here shown in
position, are made up and dried previous to being placed in the
mould, just as if they were intended for a dry-sand mould. It will
be observed from the cross-section that extra precautionary measures
were adopted, in order to strengthen the core for handling, &ec,
and also to facilitate the free escape of air and gases therefrom,
which are generated during the casting process. In other respects
tlie moulding process in this latter example is very similar to that
of the two foregoing. In example Fig. 148, owing to the greater
depth of the mould, &c., it was considered necersary in order to
obtain a free vent to specially prepare the bottom sand-bed, by first
digging a trench considerably wider and deeper than the pattern or
casting required. The bottom of this trench was covered with
engine ashes as shown, to a depth of full three inches, pockets,
P, P, P, somewhat deeper, being formed and also filled with ashes
to receive the bottom end of venting pipes V P, which were three
inches diameter. These pipes are arranged about four feet apart,
so as to facilitate the free escape of the air throughout the lower
bed and interior of main cores as well as the ises generated during
the casting process. The outer exposed ends p1 »ject about six inches
above the floor, and should be stopped up temporarily with pieces
of waste or straw in order to prevent sand, &c., from falling into
and choking thom. The bed of ashes, being thus prepared, is now
covered over with facing sand No. 1, page 290, to a depth of from
three to four inches thick, on which the pattern is bedded. When
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this latter operation is properly carried out, then the spaces left at
each side of pattern are filled up with ordinary sand, and facing
sand where necessary, all being suitably rammed up and dressed
off level with the upper face of pattern in order to form a suitable
bed for the top box part, which is now lowered down so as to
embrace the whole of the pattern. The exposed surfaces of the
pattern are now covered over with prepared facing sand No. 1,
page 290, to a depth of one inch in order to produce a good clean
casting, the remaining space in the top box part being now filled
up with ordinary floor sand carefully rammed. The mould is now
completed as regards the sand ramming process. The guide pins
G P, previous to removing top part, should be securely driven into
the foundry floor and against the lugs L at each corner, to insure
that the said top box can be replaced again in exactly the same
position relative to the lower portion of the mould. The removal
of the top box part to one side should be carefully carried out by
means of crane-power and suitable slings or chains having hooks
for catching on to the handles L H, four of which are cast on to
the sides of the form shown. When removing the top box part it
should be turned over before it is laid down at one side, in order
that the partings or moulded surfaces be exposed for free access
during the finishing process. The sand forming the lower portion
of the mould, i.e. all along each side of the pattern, is now pierced
with a pricker so as to form a row of vertical channels V H, about
three inches apart, the top ends of each terminating at each side
in one continuous channel or gutter G, about three inches from
the edges of the mould. The vertical channels V H thus formed
are shown in the cross-section down both sides of the mould or
pattern, all of which extend to the bottom, so that during the
casting process the gases in the interior of the mould, &c., can pass
off freely into these vertical channels and finally escape at the
various outlet channels O C, which extend outwards and beyond
the sides of top box part, these channels O C being in communi-
cation also with the main longitudinal channels or gutters G G
already referred to. That such precautions are advisable generally
in green-sand, also dry-sand cores and moulds, and in the present
example absolutely necessary, will be quite apparent when we con-
sider the large volumes of combustible gases which escape by way
2p2
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of the numerous small channels or perforations referred to during
the casting process, the combustible properties of which are appa-
rent as they burn off, with a blueish and yellow-coloured flame
continuing for some time afterwards.

After the various box parts of a mould are firmly held together
their jointing seams are finally closed up by means of soft loam.
This is necessary in order to prevent a portion of the liquid metal
running through aud escaping at these parts just as the mould
becomes filled up. The effect of these leakages, apart from the
annoyance and danger, is, that the casting produced will have
larger fins at the partings than need be. In the present example,
Fig. 148, the effect of a bad joint between the upper box part and
lower portion of the mould would be, that the liquid metal as it
reached the parting would leak through it and across the open joint
until it reaches the long gutters G G, in communication with the
various air passuges referred to, the latter of which would thus
become stopped up with metal, and therefore useless for venting, so
that a bad casting is the ultimate result. In this example such an
occurrence is avoided, not by stopping these joints with soft loam,
as already described, but by slightly raising an edge of sand by means
of the edge of a hand trowel, drawn all along the parting face, be-
tween the inner edges of the mould and the long venting gutter G,
as shown at J J; and to insure that the upper face of box part is
touching and compressing this ridge of sund J sufficiently to form
a joint, it is previously dusted over with light-coloured parting
gsand, which if touching will adhere to the upper face, and will be
seen all along the line when the upper box part is removed for
inspection of metal thicknesses, &c. The pattern with its core
prints, &e., is now removed, and leaves a comparatively large open
moulded space, which enables the necessary finishing and blacking
processes to be conveniently carried out, after which the various
cores M C required to form the space, &c., for the metal are each
lowered down into position by means of the three eyebolts still
left bare as shown at H H H, on each separate portion of the main
core. These eyebolts are connected or cast on to the cast-iron
gratings CI, shown here in scetion, and also in elevation, Fig. 117,
page 934 The main cores, as alrcady mentioned, are made in
dry sand, by means of a separate wooden core box. The sand
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mixture is that given in pages 292 and 293. The core produced
as shown in cross-section is essentially a hollow structure, consist-
ing of sand walls from three to four inches thick ; the interior or
hollow portion being filled up with engine ashes in order that the
core may be enabled to resist the collapsing tendency, and at the
same time provide for the easy escape of the air and gases gene-
rated during the casting process. The direction of the escape of
these gases, it will be observed, is predetermined downwards from
the core by way of the communicating passages in each towards
the core ashes forming the bed. A core consisting simply of sand
and ashes as described could not be handled, however, with any
reasonable degree of safety, without its breaking; the main core
MC is therefore strengthened by means of a suitable cast-iron
grating or core iron, of the form illustrated in Fig. 117, page 334,
having long vertical spikes S arranged and cast on along the
outer edges so close together as to strengthen the sides of core
sufficiently. 'The necessary lifting rods or eyebolts E B are also
cast on to the grating in the relative positions shown, to which
the usual ropes or chain slings may be readily fixed, without in any
way injuring the core proper. The countersunk holes formed
round the eyes E B (which are of course below the finished surface
of core) are afterwards filled or patched up with sand ; the damp
portions of sand thus added must of course be dried before closing
the mould and replacing top box part. The subsequent drying of
the separate patches referred to is usually done by applying a red-
hot slab of metal near to the patch of damp sand. The latter
process being completed, it is now time to close the mould and
make the necessary arrangements for heads and runners, in order
that the casting process may be carried out successfully. The
metal basin shown is formed by first placing the framing F
(usually of cast iron) so as to embrace the two rows of gates G,
which were previously formed during the process of ramming up
the sand in the upper box part by means of suitably tapered
wooden pattern pins, arranged as shown. Before proceeding to
form the basin with sand these wocden patterns are withdrawn
from the top part and again placed with their thick ends down, so
that they stop up the passages previously formed, thus preventing
the sand or other dirt from falling into them, and blocking the
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passages. The pins thus inverted will extend sufficiently upwards
to serve as patterns for forming the extension of said runners
through the thickness of sand forming the bottom of basin as
shown. It should also be observed on the left side, where it is
intended that the metal should be poured into the basin, that the
eand is bevelled counsiderably to receive the metal as it drops with-
out splashing, while at the opposite side the face of sand is made
vertical in order that the wash of metal as it falls from the ladle
may not so readily run over the opposite side, as otherwise it
obviously would do. In arranging the metal runners G it is in-
tended that the metal in falling into the mould should first reach
the bottom of the mould by way of the spaces forming the vertical
sides as shown, because if allowed to first fall on the upper flat
surfaces of the main cores M C, it would cause considerable
sparking and spreading of the metal, some of which would settle
in the spheroidal form and lie on these surfaces, where it cools
rapidly, and even solidifies before the mould has become filled up
to these higher levels, and the molten metal has risen sufficiently
to fill the mould. The various pieces of chilled metal referred to,
although considerably heated up again by the surrounding liquid
metal, are rarely sufficiently heated that they melt and disappear
entirely ; so that in practice we find those previously chilled por-
tions of metal embedded in the metal of the casting which are the
uppermost parts when in the mould. The appearance at the frac-
ture in such cases is known as cold shot, and is often sufficient to
render the casting useless by its being porous, and especially so
when required to retain steam, air, hydraulic or other liquid
pressures. Cold shots are also very objectionable when they occur
in portions of a casting to be machined, owing to the extreme
hardness of those embedded pieces of chilled metal.

In order to provide for the free outward passage of the air in
the mould when being displaced by the liquid metal during the
casting process, one or more outlet channels are usually arranged
at extrcme points of the mould, as for instance in this example,
the two outlets M I* shown, the formation of which is similar to
that of making up the gates G and head-piece or metal basin as
already described. The height of the small box framings is made
the same as that of the large head-piece framing F. Before cow-
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mencing to pour the metal the various outlets M F should be partially
blocked, as is usual, by placing a ball of sand resting on a piece of
paper over each orifice, so as to create a slight back pressure, by
reason of which the otherwise violent escape of air and other gases
is prevented. These vertical passages M F also serve to indicate
when the mould is sufficiently full of metal at the extreme points
by its appearance there, and its immediate overflow into the hollows
formed at their orifices as shown. The sand-balls referred to are
simply floated off their seat, owing to their having a lower specific
gravity than that of the liquid metal rising to meet them. It
will be clear, therefore, that when metal is observed to rise in the
uptake channels M F, that it is time to stop pouring metal into
the metal basin, by turning the ladle quickly into a vertical
position.

During the casting process, and so long as the metal remains
in the liquid condition in the mould, there is a considerable ten-
dency to force the top box part upwards by reason of the pressure
of metal due to its vertical head. This pressure acts in every
direction as well as upwards as indicated. The floating or upward
tendency of the cores, as already fully explained (pages 353 to
362), is also transmitted to the upper box part through the studs
S, so that it becomes necessary, in such examples as that illustrated
in Fig. 148, to add considerable external weight. In this example
six weights were applied, each of which weighed about fifteen
hundredweights, placed at suitable points for proper distribution
as indicated by the various arrows W shown. These heavy
weights are usually kept for this purpose, and have suitable lifting
eyebolts cast into them for easy handling.

In considering the method adopted for holding down the main
core M C, it should be observed that the said core is made up of
six separate pieces, placed end to end so as to form a corresponding
number of vertical joints V J shown.

This main-body core, it will be seen from the cross-section, has
also a considerable overhang at the left side which extends through-
out its length, the effect of which, during the period of fluidity, is
that the core has a considerable tendency to rise or lift off its seat
(see pages 353 to 362). To resist and prevent this upward effort,
three malleable studs S, 3 inch diameter, were made to bear down
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on each separate portion of the core M C, two of which, it will
be seen, are arranged immediately above the overhanging portion
where the upward effort will be greatest. Each stud S is buried in
the sand of the upper box part, and has its lower end projecting to
the extent of the thickness of metal required, so that it just touches
the metal plate BP provided at these points in order that the
pressure may be distributed over a larger area, and without which
the sand otherwise might be readily pierced by the points of the
studs when the tendency of the core to lift takes place. To insure
that the studs S are not themselves pushed upwards through the
sand in upper box part, the upper end of each stud S is made to
bear on a cross-bar or keeper K, this keeper itself being prevented
from rising by having the two lower ends turned or bent outwards
as shown, so that they may bear hard up against the under edges
of the two adjacent cross-bars of the upper cast-iron box part. The
small iron wedge pieces W, shown between the top end of stud S
and keeper K, are adopted here to take up any clearance, and make
the final adjustment for thickness of metal, &c., quite secure.

Dry-Saxp MouLbixng.

Dry-sand moulding, as distinguished from the green-sand pro-
cess just described, is essentially the same, except as regards the
manipulation of the sand used, the composition and general pro-
perties of which for dry sand are very different, and require that
the mould be thoroughly dried in a suitable stove before it can be
cast successfully. Dry-sand mixtures, such as those detailed and
described in pages 292 to 293, it will be seen, contain no com-
bustible substances (such as coal-dust or blacking used for green-
sand mixtures). They are much stronger, however, and more
binding ; but too close and compact when in the damp state to
permit of the escape of gases generated by the heat when casting,
and which after being thoroughly dried become harder, stronger,
and sufficiently porous. These and other properties make the dry-
sand process more reliable, especially for the larger and more
important kinds of work.

In the production of a dry-sand mould the moulder in ramming
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up does not require to employ anything like the amount of care
and skill which are absolutely necessary in making a mould in
green sand; this must not be too hard or yet too soft rammed
in any part, as the result in either case is considerable irregu-
larities at the surface of the casting caused by the softer sand
yielding to the pressure of metal. Patches of hard ramming will
cause the skin of the mould to lift at these points, so as to produce
scabs. These and other apparently slight differences in the ram-
ming are often sufficient obstacles in the way of the so-called
dry-sand moulder to prevent him from making a casting suc-
cessfully in green sand.

Moulds made from dry-sand mixtures when dried acquire a
very firm and yet open consistency, owing to the expulsion of its
humidity by heat. The moulds are therefore better able to resist
the wash of metal on account of their increased strength. The
absence of dampness makes the presence of honeycombing much
less probable ; while, owing to the comparatively low rate of cool-
ing in such moulds, the casting is not so hard at the skin, and is
therefore more suitable when it has afterwards to be machined.
All things considered, clean-surfaced, solid, tough, and the best
quality of castings throughout can be produced with much greater
certainty in dry-sand than when cast in green-sand moulds. Hence
it is usually better in the end to mould important castings in dry
sand, even when the general form is comparatively simple, and
more especially so when the casting is in any respect intricate,
such as, for instance, small steam cylinders and similar work. It
is not always apparent, it should be noted, whether a casting has
been taken in green sand or dry sand, especially when the green-
sand moulds are carefully prepared and skinned, as indeed it is
only by the outward appearance of the skin that you have any
conclusive evidence.

On account of the drying process, and corresponding extra
handling, it will be seen that the production of dry-sand castings
requires considerably longer time, which together with the cost of
fuel used and extra plant in the form of drying stoves and other
such appliances to be kept in order, will cause the so-called dry-
sand castings to be more expensive than castings in green sand.
The latter process is therefore often adopted for cheapness or
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speedy delivery when the work is urgently wanted. Many of the
castings, however, required for the smaller parts of engines, and
engineering purposes generally, are made in green-sand moulds,
for to make these in dry-sand moulds would simply be wasting
time and money. There are other forms of castings, such as
those of the more ornamental character, which are cast in green-
sand moulds, and, indeed, could not be produced with the same
sharply-defined ornamentations by the more expensive dry-sand
methods, because by the latter it requires that the surfaces of
the mould be coated with thick black-wash, which alone, in many
instances, is sufficient to obliterate the finer impressions; and
even those that are still well defined are often destroyed or dis-
figured during the hand-sleeking process. These objections just
referred to do not obtain in the green-sand process, because in
the latter the blacking is added as s powder by simply dusting
or shaking it from a porous hand-bag held over the surfaces
to be coated, the ornamental portions being rarely touched by
hand, and indeed that is seldom necessary when the patterns are
properly made to draw clean out of the sand. As indicating the
suitability or possibilities from green-sand moulds, it may be stated
that often when the pattern is made from, say, mahogany or other
kinds of wood having a comparatively open grain, the grain may
be distinctly reproduced on the plain surface of the casting.

Castings made in green-sand moulds are generally much harder
at the surface, owing to the increased rate of cooling as compared
with that in dry-sand moulds, as already stated.

The increased chilling effect in green sand is caused by the -
cold and damp nature of the sand forming such moulds. The
increased hardness at the surface is chiefly objectionable when the
castings are to be machined, on account of the necessary reduction
of the cutting speed of the machining tools for that purpose, and
the consequent increase in time and cost. This chilling effect,
moreover, sometimes causes the skin of the casting to be so hard
that no steel known can cut it; in such cases the casting, which
may be otherwise perfect, is only good for scrap, and is afterwards
added to the charge of iron to be again melted in the cupola.

In green-sand castings there is also a much greater tendency to
honeycombing and unsound castings generally, the honeycombing
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appearing generally at the top-side of casting. This latter fault
is often due to the water from the dampness of the green sand
being evaporated into steam, which, for want of a freer escape,
finds its way through the liquid metal where it has become
entrapped, so as to produce the honeycombing often only ex-
posed by hammering or breaking up. Such defects are all the
more liable to occur in green-sand moulds in the vicinity of the
studs or chaplets, especially those placed at the top for holding down
the core. This, as already pointed out, is due to the steam vapours
being in the first place condensed on those metal surfaces and again
evaporated by the heat of the molten metal in contact with it
during the casting process. A partial remedy for this is pointed
ont on page 351. The sand in & green-sand mould, being much
weaker than the dried dry-sand mixtures, is therefore more readily
broken by the wash of the molten metal, and any portion of sand
thus separated (being lighter or of less specific gravity than that of
the molten metal) will rise and finally lodge at some part of the
casting near or at the top of the mould, where it will act as a
sand core and produce corresponding irregularly shaped hollow
parts in the casting called sand-holes, and that often to such an
extent that the casting may be unfit for the purpose intended and
is condemned and broken up into scrap. When portions of a
mould break off as described, the surface of the casting at these
points is very rough and at the same time projects beyond the
proper finished surface to the same extent as the depth or thick-
ness of the piece of sand broken off. Such projecting irregular
patches on the surface of castings are called scads, the roughness
of the surface of which is due to removal of the finished or blackened
face, so that the molten metal comes in direct contact with the
sand itself; the heat being sufficient to form a fusible compound
of oxide of iron and sand (silica) present, to which is cemented
the adjacent rough sand forming the surface of the scab. These
scabs of metal are always chipped off flush by the iron dresser,
when the casting is considered otherwise suitable for its work.
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Loax Mourpina.

Loam, as has been shown in a previous chapter, is extensively
used for a variety of purposes, but these remarks were more with
reference to the production of cylindrical cores. Loam moulding
proper, however, is quite a distinct branch as compared with the
other two branches previously considered. Thus a tradesman who
is specially qualified and engaged in the construction of moulds
with brick ard loam is known as a “loam moulder,” as distin-
guished from the green-sand and dry-sand moulders who have
been already referred to.

The particular province of the loam moulder is the preparation
of loam patterns and mouldings of certain cast-iron work, by which
the mould may be formed without incurring the expense of the
construction of a wood pattern for that purpose. In numerous
cases the loam moulder also constructs moulds for which wood
patterns could not be readily or economically provided. The
economical employment, however, of loam as a substitute for wood
patterns and sand, is restricted, in general, to the manufacture of
the more regularly shaped work of the foundry. Every variety of
circular bodies may be done in loam ; large square vessels, too, are
done by the same process, such as for instance the larger rect-
angular condenser casings adopted in marine engineering practice.
These castings, however, although apparently strengthened suffi-
ciently by the addition of numerous projecting ribs crossing each
other, are often found to give way by cracking, due to the rapid
changes of temperature to which they are subjected when in
operation, and to resist which flat surfaces are so badly suited
In a great many instances the practice now is to have the con-
denser casing of cylindrical form, and also cast separately from the
engine proper.

Perhaps the largest and most elaborate examples of the present
day loam moulding are those practised successfully in the produc-
tion of such castings as the high and low pressure cylinders up to
100 inches in diameter of bore, with one or other of the various
special forms or combinations of piston valve, casings, &c., now
so often adopted, and especially so in modern marine engineering
practice.



LOAM MOULDING. 413

When we consider the numerous portions into which such
moulds require to be broken up, in order to facilitate the removal
of the many different pieces of patterns; the finishing, blacking,
setting of cores, the size and shape of which vary so considerably ;
the many and varied forms of core irons, building rings, gratings
and plates required for strengthening the otherwise comparatively
weak structure of loam and brick; the complicated but necessary
arrangements to be carried out for the proper venting of the
various cores and other parts of the mould which will be more or
less submerged or surrounded with molten metal; the special
markings required to insure that the various portions of the mould
and cores referred to may be returned to their proper relative
positions with the utmost certainty ; the proper arrangement of
the required number and size of gates, risers, &c., also the many
and varied precautionary measures to be adopted from time to time
during the progress of the work, in order to insure a successful
casting with any degree of certainty; then it must be allowed
that to lead and direct successfully such operations requires a man
not only endowed with the highest standard of intelligence and
ingenuity, but guided also by lengthened experience.

Every piece of loam moulding, of any considerable extent, is a
regularly built structure, being composed of bricks, arranged in
layers and bedded in loam, in which they are also entirely en-
veloped, particularly on those sides contiguous to the mould. The
composition of loam demands strict attention, varied, as it requires
to be, suitably to the numerous applications of lcam as detailed in
pages 294 to 297. Two indispensable qualities are those of firm-
ness and porosity. The first is evidently necessary, considering
the very great hydrostatic pressure to which, in large castings,
mouldings are subjected, while the iron is liquid. And again, the
copious effusion of gases from the mould, arising from the action
of the heat of the cast, renders it absolutely necessary to provide
for their escape through the material of the mould. This is pro-
vided for in the porosity of the mass, which must therefore be in
such a degree as to offer a transit sufficiently free to the gases
evolved, while the mould is impervious to the metallic fluid.

To fulfil these conditions, the materials of loam are principally
clay and clean sharp sand. These elements are opposed in their
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nature, and operate as counteractives. The clay is the binding
element from which the loam derives its firmness; the sand
intermixed with it modulates its closeness, and renders the loam
open in the grain. Thus both these elements are essential in the
composition of the substance. Cow-hair also, obtained from hides
of cattle by tanning, is mixed in loam; it answers two purposes.
In the first instance, while the raw loam is being moulded into the
form desired, the hair assists the tenacity of the parts of the loam,
which is often largely charged with water. Again, when loam
work is baked in the stove, which for cores is raised to the greatest
attainable temperature, the hair is burnt out of the loam, and, of
course, leaves its own empty track. The mould is thus perforated
in all directions throughout by these artificial sinuosities; and in
this way the openness of the mould is very much increased.
Millseed, saw-dust, horse-hair and straw, especially the last, are
elso extensively used in the formation of loam cores. It ought to
be understood that loam cores must be completely dried and burnt
before they can be serviceable; the object being to anticipate the
work of the hot-iron with which they must afterwards come into
contact, by expelling completely their humidity, and the occasional
gases originated by the burning of their combustible matter. Were
this precaution not taken, particularly for cores much confined,
they would be broken up by the sudden generation of confined air,
which could not escape as suddenly. It may be as well to state
here that the general results of the action of melted iron on the
mould are carbonic acid, carbonic oxide and carburetted hydrogen.
In the first place, the carbon constituting the blackening used in
all moulds, and the coal-powder in green-sand moulds, seizes and
combines with the oxygen of the aqueous particles in the neigzh-
bourhood, forming a mixture of carbonic acid and oxide; the
hydrogen of the water thus let loose combines with another
portion of carbon, producing carburetted hydrogen, which, with
the carbonic oxide, burns with a bluish-yellow flame on coming
into contact with the external atmosphere.

For all varieties of circular bodies, or such as may be described
round one axis, a board is cut on one edge to the exact form
of the object, being, in fact, a half skeleton of its outline. If

o)

the body be cored out, a board must also be provided, cut to the



LOAM MOULDING. . 415

form of the interior space. A central spindle is erected, which is
to represent the centre of the body to be moulded ; to this spindle
one or more arms are screwed, provided with glands, by which the
loam board, as it is termed, is set at the proper radial distance from
the centre, and firmly fixed to it. The whole being in this condition
turned round the centre, it is obvious that the figure of the body
will be described. With this general idea we shall proceed to
particular description.

Large iron pans used in soda, sugar, and other chemical manu-
factures, are amongst the most familiar examples of loam moulding,
and as they are in themselves instructive specimens of this kind of
work, they shall be selected as our first illustration.

A, Fig. 149, is a general view of a common shaped sugar pan.
The portion a b, constituting the pan, is a simple spherical cone,
and b ¢ is the brim.

The pan is moulded and cast in an inverted position, similar to
the Irish pots, already described. In the first place, then, & cast-
iron ring a'a’, at F, Fig. 149, is levelled upon blocks, which raise
it off the floor of the foundry, and is placed concentric with a
spindle ¥, which stands upright, being placed at the under end in
a cast-iron step sunk in the floor, and stayed at the upper end in
a bush on the end of a bracket ¢', which projects from the wall,
and turns horizontally upon pivots. The spindle thus stayed is
free to move round in both directions. To prevent the bracket from
moving on its pivots, it is linked by the extremity to the wall. A
forked arm d is fixed upon the spindle by an eye at one end,
tightened by a pinching screw. Between the branches of this
arm the loam board e is set, and fixed by glands in the required
position.

At B, Fig. 149, we have represented the outlines to which
loam boards are cut; abe is the figure of the interior surface of
the pan, b d being the axis. A board e is, in the first place, cut
to the semi-outline of the interior ; and further, has an additional
check o, which turns out a corresponding knee in the mould, the
object of which is to support the overlying part of the mould on
its horizontal surface, and to act afterwards, by its vertical sur-
face, as a guide in replacing the mould. Another board f is in
the same way cut to the external figure of the pan, with a check
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precisely similar to the one in the board e, and thus it will act
as a guide in setting the second board.

At C, Fig. 149, is a vertical section of the work in the first.
stage of its progress. Upon the ring o' a'a kind of dome is, in
the first place, built of bricks and loam, generally some four inches
thick. The moulder is guided in the construction of this dome
by the interior loam board, sustained by the spindle. The external
surface ought to be everywhere about two inches distant from the
surface described by the board ¢ e. Before building up the dome
to the crown, coals are placed in the floor within it, which are
afterwards kindled for drying the work. The crown is then nearly
completed, leaving only a small space round the spindle, to allow
of ventilation when the combustion within is going on. By this
aperture the moulder is enabled to manage his fire, so as to check
its progress, if necessary. The consumption ought to be very slow,
so as to allow of the heat taking effect upon the entire mass.

Over the brick dome a pasty layer of core loam o' o' is applied ;
for it is in fact the core that is now being formed. The surface is
finished off by a smoothing coating of wet loam, the redundancies
all over the surface being swept off by the board in its revolution.
Upon this surface the inside of the pan is cast. The fire is now
kindled, and as the surface of the mould becomes dry, it is pain