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PREFACE

Copper smelting practice is now in a period of rapid develop-
ment similar to that upon which cyanide practice entered a decade
ago. This compilation of recent articles on copper metallurgy
will, it is hoped, serve to present in convenient form the views of
well known engineers on current practice from Chile to Alaska
and from Russia to Japan.

THoMAs T. Reap,

Editor.
New York, May 5, 1914.
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EDITORIAL INTRODUCTION

The articles which make up this volume have, with some excep-
tions, appeared in the pages of the Mining and Scientific Press
during the past four years. Several papers presented before the
American Institute of Mining Engineers have, because of their
importance, and with the kind permission of the Institute, been
included. T'wo others are of earlier date than 1910. The essential
features of the results of John Hollway’s classic experiments, made
in 1878, are told in his own words, showing how that early worker,
in the course of an attempt to demonstrate that the heat of oxi-
dation of pyrite ores is sufficient to maintain fusion during smelt-
ing operations, outlined the essential features of the production
of copper from matte in the converter, without apparently recog-
nizing the full significance of his work. The article by Lewis T.
Wright is included for a variety of reasons. It is a brilliantly
clear and concise statement by one of the leaders in the develop-
ment of this phase of copper metallurgy, and it also serves, when
read in conjunction with the articles on reverberatory smelting,
to illustrate the great changes in the metallurgy of copper which
a few years have brought about.

A decade ago it was clearly recognized by everyone that the
growing use of copper for industrial purposes would make neces-
sary a great increase in its production. It was equally evident
that no more great bodies of comparatively rich sulphides or
native copper, such until then as had been the mainstay of the in-
dustry, were likely to be found. Universal attention was directed
toward the large deposits of ‘cupriferous pyrite,’ as they were gen-
erally termed. Meanwhile a group of metallurgists, L. T. Wright,
W. H. Freeland, F. R. Carpenter, Robert Sticht, Herbert Lang,
and many others, had been busy developing the technique of the
metallurgical operation of cheaply smelting ore consisting largely
of pyrite, marcasite, or pyrrhotite. Nearly everyone regarded pyrite
smelting without coke as the metallurgy par ercellence of the imme-
diate future. .

Meanwhile an apparently small discovery had been made. ‘Cup-
riferous pyrite’ proved to be a figment of the imagination, the
ores 8o designated being actually pyrite with chalcopyrite or other
copper sulphides disseminated throughout them. It was further
found that copper sulphides not infrequently occur disseminated
throughout rock masses, chiefly igneous intrusives or the adjacent

A
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rocks, so as to form large bodies of low-grade ore. A second
group of engineers, chief among whom was D. C. Jackling, saw
the new possibilities which this opened. Cheap smelting of such
material, silicious rock containing disseminated sulphides corre-
sponding to a copper content of 25 to 50 pounds of copper per
ton of ore, was out of the question, but if it could be cheaply
mined and cheaply concentrated many tons into one, making a
reasonable saving of the copper present, low-cost smelting would
not be essential.

Thus two sharply contrasted methods of treatment are involved:
on the one hand large or small-scale mining, the production of
the ore in lump form, and the smelting of the whole mass, utiliz-
ing the heat of the sulphur present in order to economize in the
ase of fuel; and, on the other hand, large-scale mining, cheap erush-
ing to small size, concentration (more than twenty tons being con-
centrated into one in some cases), roasting of the sulphide concen-
trate, and smelting in reverberatory furnaces. The success of the
latter method hinges on the percentage of the copper present which
can be recovered by concentration. As is well known, careful
large-scale experiment demonstrated that two-thirds of the copper
present could be recovered by wet concentration. On the basis of
a cost of 42 cents per ton for mining, 28 cents for transportation,
and 41 cents for milling, and the concentration of twenty tons
into one, the whole operation can .be conducted at a profit, even
with material containing only 30 pounds of copper per ton. On
this basis the relatively higher cost per ton of material smelted
in the reverberatory furnace becomes of minor import in the total
cost.

Several other factors contribute toward the increased and in-
creasing favor with which reverberatory smelting is regarded.
Elsewhere in this volume, K. P. Mathewson discusses with authority
the causes which have led to this growth. Another cause, to which
my attention has been drawn by R. L. Lloyd, is the improvement
in roasting practice. When the control of the temperature and
air-supply during roasting is faulty, a certain amount of ferric
oxide and of ferrite of iron is produced. and additional reactions
in the laboratary of the reverberatory are made necessary, thus
decreasing the speed of smelting as compared with the treatment
of material in which all the iron is present in the ferrous state.
As a matter of practical operation, the use of liquid petroleum
or. powdered coal has cut down the fuel cost, and the use of boilers
in the exit flues, by recovering the he-’ "™ escaping gases and
returning it to the power-plant as ‘Ade a further im-
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portant reduction. The reverberatory is a convenient place for
disposing of the increased quantity of slag made by converters
since the addition of silicious ore to the matte charge became
general practice. Above all, it handles without difficulty the finely
divided concentrate which is the necessary product of the method
of treatment referred to above, and similarly disposes of the dust
accumulations yielded by other departments of the plant, such as
the roasters. The most recent phase of development is the use
of flotation to recover the copper content of the ore. This makes
even finer crushing necessary and accentuates the advantages of
the reverberatory for the treatment of material in a fine state of
comminution.

Blast-furnace smelting of lump ore has many advantages, which
it can scarcely be necessary to mention, but is subject to the limi-
tation that even under the most favorable conditions a consider-
able proportion of the ore will be of smaller size than desired.
This may be sent directly to the blast-furnace, with the result that
the speed of smelting is decreased, which amounts to increasing
the overhead costs, and a large quantity of flue-dust is produced.
This can be caught in dust-chambers, but if put back into the blast-
furnace without further treatment is merely blewn out again in
a sort of perpetual cycle. It may be agglomerated in brick presses
using a suitable binder, agglomerated by the use of converter slag,
or sintered by one of the various processes. All these operations
add to the total cost and somewhat complicate the work of the
plant. With the exception of the latest methods of sintering, they
are all unsatisfactory, and the tendency of present practice all
seems to be toward the extension of reverberatory smelting. In
large plants coarse material is smelted in the blast-furnace, while
reverberatories take care of the blast-furnace flue-dust and the fine
ore or concentrate. Where the amount of finely divided material
is too small to justify the construction and operation of a rever-
beratory, the sintering of fine ore and flue-dust is an efficient way
of meeting the problem. But where, as in the plant recently built
at Hayden and the one now building at Globe, all the material to
be smelted is finely divided, the reverberatory alone, coupled with
the present very efficient roasting technique, serves to meet the
situation.

The short space of time covered by the articles which make up
this volume bridges over three sets of problems in the metallurgy
of copper. I have already discussed the readjustment of smelting
problems which grew out of the exploitation of the disseminated
copper ores. But, as always in human endeavor, the solving of
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any important problem merely leads up to the recognition of an-
other. 'The financial profit resulting from the exploitation of the
disseminated ores does not serve to obscure the fact that one-third
of the copper content escapes recovery. In addition, large ore
reserves of oxidized copper minerals are known to exist in various
places, and these are not amenable to profitable treatment by any
present method. The use of wet methods for the recovery of
copper from its ores has been proposed ever since early times, and
they have been successfully practised in a few places where local
conditions favor their use. Generally speaking, however, they are
complicated and require a nice adjustment of mechanical equip-
ment to chemical reactions. Except upon a large scale, they are,
for general practice, an economic impossibility, but the readjust-
ment of modern conditions seems to be tending toward a state of
affairs where wet methods become feasible. The number of proec-
esses proposed is legion, but leaching with sulphurie acid is the
rule in present work. The precipitation of the copper from the
pregnant solution is a vital problem. It can be done by the use
of metallic iron, or by electrolysis, but the difficulty is to attain
a low cost. Both methods are about to be put into operation on
a large scale, and in a year or two our knowledge will be more
complete than at present. Sulphuric acid, either for leaching or
for other methods of chemical attack, seems likely to remain the
chief reagent, for the sulphur content of the fume escaping from
smelter stacks is everywhere a problem, and its utilization for
the manufacture of sulphurie acid, some of which may be used in
the treatment of oxidized or roasted sulphide ore, is likely to be
one of the lines along which the copper metallurgy of tomorrow
may develop.
Tuomas T. Reap.
New York, May 5, 1914.
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HANDLING FURNACE CHARGES AT CANANEA

By Morris Jesur ELSING
(May 4, 1912.)

The methods of handling furnace charges at the smelting plant of
the Greene Cananea Copper Co., Cananea, Sonora, Mexico, involve
many unusual features. Under the management of Arthur S.
Dwight, with the assistance of E. H. Messiter, consulting engineer
for the Robins Conveying Belt Co., a series of belt conveyors and
mechanical devices were designed and constructed for mixing the
blast-furnace charge and delivering it to the furnace. Several parts
of the original construction have been replaced because of difficulties
found in operating, and the installation is now working with great
success. The diagrammatic ‘flow-sheet’, Fig. 2, illustrates the fol-
lowing description, and shows the details of capacity. The ‘flow-
sheet’ of the sampling works is also included.

In outline the plant consists of a series of eleven receiving bins,
constructed of wood, for ore and secondaries, and eight steel bins
for concentrate and picked ore. These bins are filled by.trains from
the mines and concentrator, after each car has been weighed on a
Fairbanks scale. The bins are equipped with automatic feeding
devices that deliver to a belt conveyor, which transports the ma-
terial to the sampling works, where it is automatically sampled.

The feeding device attached to the wooden bins consists of a steel
table suspended by four rods at the bottom of the bins. This steel
table is given a reciprocating movement by a connecting-rod at-
tached to an eccentric placed at the back of the bins. This eccentrie
is attached to a shaft, which extends the entire length of the wooden
bins. Each of these bins has four of these feeding devices. The
ore feeds into a movable steel hopper, which breaks its fall upon
the belt. The picked ore from the steel bins is fed upon the belt
by a shaker feed-car, which is a hopper mounted on a carriage
astride of the conveyor. This hopper has a table below its discharge
opening, which is given a reciprocating motion, feeding the material
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on the belt at the desired rate, being controlled by certain adjust-
ments.

The concentrate is fed upon the belt from the bottom of the bins
through a steel chute which is provided with an arc gate. In order
to assist the steady feeding of this wet material, an attendant is
stationed atl the chute with a compressed-air barring device. This
consists of a piece of 1-in. pipe, about 6 ft. long, to which is attached
a short piece of tapered pipe with a 14-in. opening in the end. A
compressed-air hose and valve is attached to the other end of the
6-ft. length. When compressed air is turned on, this device becomes
an efficient means of barring down material that would otherwise
‘hang up.’ The different classes of ores, such as heavy sulphide
ore, limestone ore, and the silicious ores are kept in separate bins,
as well as the by-products that are smelted in the blast-furnace.

From the sampling works the material is conveyed to one of three
parallel belts, which are supported on steel bridges about 20 ft.
above a concrete floor (see Fig. 3). By means of Robins Conveying
Belt Co.’s automatic trippers, a long narrow pile or bed is built
up in successive layers. The tripper is a carriage astride of the con-
veyor belt, through which the belt passes. The direction of travel
is determined by certain fixed brakes and traction wheels, which are
reversed on reaching the end of the conveyor. In this way a con-
tinuous stream of ore is spread on the floor below the traveling
tripper. The receiving bins, containing known tonnages of material,
of which the approximate analysis is already known, are in turn
emptied on the bed. From the sample taken as the ore passes
through the mill, the exact amount of each constituent of the charge
is determined, and as the bed nears completion, such materials are
added as are required to make it the self-fluxing mixture that is
desired.

Reclamation.—The reclamation of this bed of self-fluxing material
is accomplished by a device known as the reclaimer, which was
especially designed for this work. It consists of a traveling steel
bridge or framework, which spans the entire width of the bed, is
mounted on car wheels, and rides on rails. Under the forward side
of the bridge is suspended a scraper conveyor, operating on a -
nearly horizontal steel bottom plate. The flights are inclined to
the axis of the conveyor, and are provided with plough-shaped
extensions, which Craw on to the bottom plate all material within
reach, and carry it along to a conveyor paralleling the bed, and
placed in a trench a little below the elevation of the floor of the
bed. A triangular harrow covering the entire cross-seetion of the
bed, and give~ an inclination of approximately the angle of repose
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of the material, is mounted on the front of the machine. The har-
row is given a reciprocating motion cross-wise to a pile. This con-
tinuously dislodges the material from all parts of the face of the bed,
and causes it to roll down to the conveyor below, by which it is
carried away as described.

An electric motor operates the harrow and scraper conveyor,
while a smaller motor advances the machine into the pile at any
desired rate, or runs it back to the end of the bed, where it is trans-
ferred to the next bed by a transfer car. The thoroughly mixed
charge then passes to the other belt conveyors, being elevated .and
finally discharged directly into narrow steel storage bins of 75 tons
capacity above each blast-furnace. These bins feed steel pockets,
containing about one ton each, which are partly emptied into the
furnace, and partly on the feeding floor by the simple operation of
a chute and deflecting gate. The coke is brought to the furnace
in wheelbarrows. The whole system of conveying and reclaiming is
controlled by a series of signals so that each operator of any part
is notified when to commence operations or of any stopping or over--~
load, thus unifying the whole system.

Advantages.—Among the advantages.due to this method of mix-
ing and delivering the furnace charge the reduction of the cost of
smelting is the most important. This reduction of cost is two-fold
and may be divided into mechanical cost and metallurgical cost.
The mechanical cost has been reduced by the elimination. so far as
possible, of manual labor, and its replacement by the use of the
mechanical devices deseribed. The metallurgical reduction is due
to the uniformity in the chemical composition and physical character
of the charge, and to advance information on these subjects.

It is evident that a given amount of ore will not often make an
cven number of layers on the bed, and, therefore, there will be an
overlapping of layers. When the bed is completed it contains about
9000 tons or about 40,000 1bh. per linear foot. With each overlap,
roughly 50 1b. per foot has been added, and the result is that any
particular foot may receive 1/800 more or less of a certain flux or
or¢ than some other foot. This overlap will not constantly occur
at any one place in the bed, but will he compensating. It will apply
to all of the different materials added to the bed and the final out-
come will be only infinitesimal variations in the analysis of any
transverse section of the bed. The thorough mixing of the charge
by the reclaiming machine is self-evident. Tts advance into the
bed is approximately an inch per minute, so that only a small
quantity is being taken from every part of the cross-section. The
inclination of the harrow being adjustable, makes it possible to set
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it at an angle so that material being agitated by it will roll down
from every part of the pile and be combined on the bottom plate.

Because of the elimination of variations in the composition of the

charge, it is possible to operate the furnace with a low factor of

CONVEYOR LEADING TO BEDDING CONVEYOR.

BEDDING TRIPPER.

F16. 3. PLANT ror HanpnLING ORE.

safety. In nearly every other method of charging there is a constant
variation in conditions; that is, at one time the slag being pro-
duced is more acid, and at another more basic than desired. Due
to this constant change, it beeomes necessary not only to add fluxes
to counteract these differences and restore cequilibrium, but to use
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an excessive amount of coke, and the outeome is that costs increase.
With this careful mixture of charge, however, the analysis of the
slag obtained ecan he predicted with extreme aceuracy. With a

~
i

STACKING AND RECLAIMING CONVEYORS.

RECLAIMING SYSTEM, CONVEYOR NO. T AT THE LEFT.

F16. 4. MECHANICAL PLANT FOR HANDLING CONCENTRATE
(Stephens-Adamson construction).

given mixture the slag will show little variation from day to day,
and the costs are brought down to a minimum. Other conditions
being equal, accretions can in part be traced more or less directly
to variation in the composition of the charge.
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To summarize, with an exact knowledge of the composition and
physical character of the furnace charge it has been possible to in-
crease the speed of smelting, to reduce excessive accretions in the
furnace, to reduce the amount of costly fluxes, coke, and air-blast
required, and it has been possible also to increase the percentage
of fine 1n the charge.

Roaster Bedding Plant.—A system somewhat similar to that in
use for the blast-furnace charge has recently been installed by the
Stephens-Adamson Manufacturing Co. for handling the concentrate
that is roasted, and then sent to the reverberatory furnaces. The
concentrate is emptied from the standard railroad cars that come
from the mill into especially designed bins. From the bins it is
transported by belt conveyors to a bridge below which a bed is
formed by a traveling tripper. The reclamation of the bedded con-
centrate is accomplished by means of a transverse belt conveyor,
mounted upon a movable carriage. The roaster charge is then
shoveled upon this transverse belt, which discharges into a longi-
tudinal belt, and is conveyed to the roaster bins where it is fed to
the roasters as required.

THE WEDGE MECHANICAL FURNACE
By L. S. AUsTIN
(December 28, 1912.)

The Wedge calcining furnace, of the same general type as the
McDougall and Herreshoff, has been before the public for some
years, and its general appearance is familar to metallurgists. It
differs from the Herreshoff principally in having a large central
shaft. The furnace is built in sizes from 12 to 2214 ft. diameter,
and with three or more hearths and dryer hearth. It may be ar-
ranged with a fire-box or not, according to the nature of the ore
to be roasted. Fig. 5 is a seven and Fig. 6 a five-hearth furnace, the
latter having a fire-box.

The ore is fed at the periphery of the furnace upon the top or
dryer-hearth, and is mechanically rabbled across it, entering the
upper hearth at the centre of the furnace. By thus utilizing the top
of the furnace for drying and pre-heating, the entering ore begins
burning on the upper hearth almost at once, and need not wait until
dried out. In fact, the heat used in drying out an ore containing
7% moisture may be computed as equivalent to raising the tem-
perature of the dried-out ore to 250°C., at which a self-burning sul-
phide will begin to ignite.



RECENT COPPER SMELTING ° |

The central shaft is 4 to 5 ft. diam., and is lined outside with fire-
tile, so that it is not so hot inside but that workmen may enter at
any time and remove the breech-block of any arm that is worn out.

F1a. 6. SEVEN-HEARTH WEDGE MECHANICAL FURNACE.

Workmen on the outside withdraw the arm through one of the
doors and insert a new one, the men inside again replacing the
breech-block. Each arm, whether air or water-cooled, has its own
supply and discharge-pipe, and hence independent regulation and
replacement. The weight of the central shaft and attachments is
not borne on a step, but on roller-bearings.

The furnace is built with flat firebrick hearths, since aceretions
are more easily removed from the flat hard surface, which is better
adapted for uniform rabbling. Fig. 6, the fire-box furnace, has an
external fireplace, so that it can be used for a dead roast or for a
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chloridizing or sulphatizing roast. The passages or drop-holes.
from hearth to hearth are left of ample area, so that the veloeity of
the upward-passing gases is low, and hence less dust is carried away
by the air currents,

Fi16. 6. FIVEEHEARTH WEDGE MECHANICAL FURNACE.

THE HERRESHOFF ROASTING FURNACE
(November 1, 1913.)

In the new smelting plants of the Arizona Copper (‘o., at Clifton.
and the Calumet & Arizona Copper Co., at Douglas, Arizona, the
roasting of concentrate preparatory to smelting in reverberatory
furnaces is done in 6-hearth Ierreshoff roasters. As the llerres-
hoff in its original form was a modification of the MeDougall
roaster to meet the conditions required in the roasting of pyrite to
yield SO, for the manufacture of sulphurie acid, its use in copper
smelting practice is of great interest. Eight 21V.-ft. roasters have
been built for the Arizona Copper Co. and 12 of the same size at the
Calumet & Arizona plant. The most notable features of these are:
the use of air-cooled rabbles; the return of the air thus heated to
the lowest hearth, thereby increasing the thermal efficiency of the
roaster and allowing the roasting, without the use of fuel, of con-
centrate lower in sulphur than is the usua’ "*mgice; and the use

\
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of rabbles so designed that a single casting will operate in any posi-
tion on the rabble arm, thus doing away with the necessity for
keeping a variety of teeth in stock,

The accompanying illustration, Fig. 7, shows the construction
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Fi16. 7. Tne HERRESHOFF FURNACE.

of the furnace. The outer shell is made of 3-in. steel plate three
courses high, the outer diameter being 21 ft. 714 in. The horizontal
secams are 3-in. lap, riveted with 34-in. rivets, with 5-in. pitch. The
vertical seams are butt joint, triple riveted, with butt-plates, 5/16
by 1614 in., inside and out. This shell is 19 ft. 5 in. high and is lined
with 8-in. fire brick. There are six superimposed hearths, the top of
the furnace being also used as a drying hearth. Each hearth is
made of a single arch of 6 or 8-in. fire brick (as shown in illustra-
tion), the spring of the arch being 104 in. The hearths for outside
discharge have 54 openings. 18 by 14 in. cach, around the periphery;
those with inside discharge have an 8-ft. diameter circular opening



24 RECENT COPPER SMELTING

at the centre. The central opening on the other hearths is merely
large enough to permit rotation of the central shaft, which is 42 in.
diameter. Each hearth is provided with six doors on the outside,
except the topmost, which has but four. Each door is 24 by 16 in.
and is fitted so as to make a tight joint.

The central shaft is made in three sections, each approximately
6 ft. long. These are fastened together with tongue-and-groove
joints, and bolt heads and nuts are protected by pockets which can
be filled with refractory material. The rabble arms are similarly
connected with the central shaft. Within the shaft is an 18-in.
steel tube, bolted to nozzle outlets at each arm. Air under pressure
is forced through this tube, passes to the outer end of the rabble
arm, and back to the central shaft. The rabble arms are connected
in parallel so that each arm receives its due quota of cool air. The
central web which causes the air to pass to the end of the arm be-
fore returning also greatly adds to the strength of the arm. The
heated air is taken off at the top and brought back through channels
in the outside walls to the lower hearth. The heat which it has ab-
sorbed is thus transferred to the lowest hearth and by decreasing
the cooling effect of the air admitted for combustion allows the
roasting without extrancous heat of material much lower in
sulphur than would otherwise be the case. On the other hand, ma-
terial with a given sulphur content will yield more heat and will
therefore roast faster than without heat conservation. The rabble
teeth are so cast that the lug at the top which fits against the arm
is at different distances from the centre line on the right and left
side. When a uniform series of teeth are placed upon the rabble
arm this causes each tooth to assume a different angle, according
to its distance from the centre. and the increased work which the
inner teeth have to do is thus automatically compensated. The
outermost rabble is kept in place by a single drop-pin. This is of
special design to provide for the feed from the hearth above, as
shown.

The ore is fed upon the upper drying hearth from hoppers. Just
beneath cach hopper is a steel plate and the ore is caused to feed by
a rotating finger which passes between the hopper and the plate.
The ore thus drawn out falls upon the top of the furnace, and is
worked to the periphery by a set of rabbles. These are simply
dropped into place on the rabble arm and can be removed or put in
place without stopping the furnace, thus permitting easy changes
in the rate of feed. This is also controlled by cast iron sleeves at
the end of the feed hoppers. By raising or lowering these, the rate

of feed may be altered as desired. The dry ore passes down to the
~
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first hearth through a series of hoppers at the outer edge which are
provided with adjustable plugs to prevent the escape of gases.
The space between the top of the furnace and the central shaft is
closed with a sand seal, while on the lower hearths the calcine
serves as a seal. The gases escape from the furnace through two
exits, having a combined area of 18.8 sq. ft. The flues which convey
the gases to the stack are so arranged that the flue-dust is automatic-
ally returned to the lower hearth, thus eliminating the labor cost
of handling flue dust. The rabble arms are driven at one revolution
per minute by a 72-in. bevel gear. The pulleys and gearing are so
mounted on an A-frame that they can be removed for repairs with-
out disturbing the rest of the furnace. The equipment for the
roasters at these two plants was furnished by the Pacific Foundry
Co., and they were erected under the supervision of C. H. Repath
and A. G. MacGregor, who designed the plants.

The largest installation of Herreshoff roasters now at work is at
the Edgewater, New Jersey, plant of the General Chemical Co.,
where eighteen 16-ft. furnaces are at work roasting Spanish pyrite
for the production of SO, for acid manufacture. The operating
conditions are scarcely comparable with the roasting of copper con-
centrate, since in this case it is necessary to secure a gas high in SO,
and a calcine low in sulphur rather than the larger tonnage desired
in copper-smelting practice. Thus a 16-ft. roaster handles only 5
to 6 tons per day, reducing the sulphur content from 46% to 4%.
The ore is crushed to pass 4 mesh before roasting, and the calcine
is briquetted for use in iron smelting. Operating under these con-
ditions, it has been found that only one arm has broken in the pas
six months with 18 roasters in use. A crew of six men per shift
is sufficient for this number of furnaces, including the wheeling
of the pyrite from the storage bins to the feed hoppers of the fur-
naces. Broken rabbles can be replaced in a few minutes, but in the
case of a broken rabble-arm a delay of 4 to 7 days is the result, since
it is necessary to allow the furnace to cool slowly to the tempera-
ture at which a man can enter to loosen the bolts. Some experi-
ments have been made in the developing of a detachable arm, but it
has been found that delays from the breaking of rabble-arms are so
infrequent that the advantage thus gained is practically neutralized
by the increase.in construction cost and the difficulty of obtaining
an air-tight joint. The total cost of upkeep on these roasters as
used at Edgewater, amounts to 10c. per ton roasted. This amount
may be expected to vary with the quality of gas, the temperature,
tonnage, time of year, and other factors.
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INCREASING ROASTER EFFICIENCY AT GREAT FALLS

By FraNxk R. CorwiN AND SELDEN S. RonGers

I. INTRODUCTION.

*Since MecDougall roasters were first constructed at the Great
Falls smelter of the Anaconda Copper Mining Co., their capaecity
has been more than doubled. During the first decade the tonnage
treated remained practically unchanged. Experimental work car-
ried out in 1906 showed that increasing the draft would increase
the capacity. In 1909 the roasters were connected to the new flue
system, and the stronger draft increased the capacity. The change
in draft conditions made it necessary to operate differently, and
systematic experimental work was started to adapt the furnaces
to the new conditions. This extended over several years, and re-
sulted in largely increasing the capacity, decreasing the percentage
of flue dust, and in bringing about other changes and improvements
tending to raise the efficiency of the McDougall roasters, with a
corresponding reduction in operating expenses, without building
any new roasters or enlarging the old ones.

The first McDougall roaster at Great Falls was started on June
15, 1898. It had eight hearths, was lined with fire brick, and had
an air-cooled central shaft, but no provision was made for cool-
ing the rabble arms, which became distorted. To draw the heated
gases away from the hearths a pipe was connected to alternate
hearths and to the flue. Dampers were provided so that the gases
could be drawn from any of the hearths.

This first furnace not proving altogether a success, it was re-
constructed as the Evans-Klepetko type, having 6 hearths and
water-cooled central shaft and rabble arms. Except for a few
minor changes, such as substituting solid arms for the water-
cooled arms on the first hearth, the removal of the branch pipes
inside of the rabble arms to distribute the cooling water, and
changes in design of the rakes, rake frames, and rabble arms, they
still remain essentially the same as when built in 1899,

The composition of the concentrate when the roasters were first
started was approximately as follows: Cu. 13.3% : Si0,, 24.2% :
Fe, 25.6% ; AlLO,, 4.6% ; 7Zn. 0.9% : S, 30.0%.

When first built, the MecDougall furnaces had a rated capacity
of 40 tons of wet concentrate containing about 35% sulphur, roasted
down to 7% sulphur, per furnace day. In practice, however, the

*Abstract of a paper presented before the Amer. Inst. Min. Eng., August
1913, -

N
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capacity of the furnaces averaged 35 tons of cupriferous material
per furnace day. The first experimental work was carried out by
J. H. Klepinger to determine whether an increase in the draft
would incrcase the capacity. A No. 8 Sturtevant exhauster was
connected to the top of the furnace, as shown in the accompanying
sketeh, (Fig. 8), the gas being discharged into the main Mc¢Dougall
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F16. 8.—CONNECTIONS AT NO. 2 McDOUGALL FOR INDUCED DRAFT.

cross flue.  'When the exhauster was in use the slides in the regular
draft necks were closed. When for any reason the exhauster was
stopped these slides were drawn out, allowing the furnace to operate
under natural draft. Several tests were made on No. 2 furnace,
first working under natural draft, and later with the exhauster in
operation. During the tests a careful record was kept of the weight
of material charged to the furnace, samples were taken of the
concentrate charged and ecalcine produced, and observations taken

Summary of Data from Tests on No. 2 McDougall Furnace *
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to determine the draft, and the temperature and volume of the dis-
charged gases. A brief summary of part of the principal data ob-
tained, taken from Mr. Klepinger’s report, is tabulated herewith.

Increasing the tonnage of concentrate treated from 30.38 to 42.88
tons on natural draft increased the percentage of sulphur in the
calcine from 5.3 to 11.6%, whereas with induced draft (in Test No.
5) 43.01 tons of concentrate was treated and calcine assaying 9.6%
sulphur was obtained. An idea of the amount by which the capacity
was increased was obtained by comparing the work of McDougall
furnace No. 2 in Test No. 5 with the average work of all the others
during the same period. It should be noted that furnace No. 2
was treating concentrate only, whereas the feed in the other
furnaces, as was the regular practice at that time, was 92.6% con-
centrate (wet weight), 4.8% first-class ore screenings, 1.09% of
tailing, and 1.6% dried slime. There would, therefore, probably
be a slight advantage in favor of the test furnace.

Average of all
Average. No. 2 Furnace. Other
(Induced Draft.) | (Natural Draft.)
Material treated, wet weight, tons per 24 hr........ 43 33.8
Material treated, dry weight, tons per 24 hr......... 40 316
Copper in calcine, per cent...........ccoviiveneeens , 10.5 9.9
Sulphur in concentrate, percent................ ... | 37.4 379
Sulphur in calcine, percent.............coiiennn. | 9.6 9.0

According to this above comparison the induced draft caused
a 27% increase in capacity and a 22% increase in amount of gas dis-
charged.

In June, 1909, the new stack and flue system having been finished,
the McDougall furnaces were started under the increased draft.
The draft in inches of water at the McDougall dust chamber was
0.255 in. with the old flue system and 0.9 in. with the new. At the
flue necks from MeDougall furnaces to cross flue, it was 0.139 in.
with the old and 0.93 in. with the new. The first effect of the
stronger draft was to put out all the furnaces. The amount of heat
generated by the oxidation of the sulphur remained practically un-
changed ; whereas, more air was drawn through the furnaces, more
heat lost in the escaping gases, and consequently the furnaces became
cold and went out. As the foremen and furnacemen became familiar
with operating the furnaces under the new conditions, the feed was
gradually increased and more use made of the available draft. The
increased capacity predicted by Mr. Klepinger’s experimental work
was more than realized, as is shown by the following figures. taken
€ **  monthly smelter reports:
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Data on McDougall Department from Monthly Smelter Reports

Tous Treated per Furnace Day.
-3 ! g
- g LI : 233 i
s 3§ ak
i = EF™ =

August, 1908.... | 28.7 R ... cee 28.7 0.032 9.1
September, 1908.. | 43.4 U 0.1 0.1 | 43.6 0.046 9.1
October, 1908.... | 414 ce 01 ' 09 . 42.4 0.045 8.9
November, 1908.. | 36.2 cee o eeees | 0.3 36.5 0039 | 177
December, 1908.. | 37.8 ees Pr:dp.o.s) .01 e 38.2 0.041 8.1
January, 1909... | 33.1 P ee. ves 33.1 0.036 8.8
February, 1909... | 354 R ... . 35.4 0.038 8.2
March, 1909..... 36.1 . 0.1 ve cee 36.2 0.038 8.4
April, 1909...... 34.3 eee 0.2 cee 0.01 | 345 0.037 9.2
May, 1909....... 3.33 oo | e . - 33.3 0.036 9.1
Average ..... 35.9 . 0.2 0.1 cee 36.1 0.039 8.7
July, 1909....... 49.7 P v 0.5 | 50.2 0.0563 9.7
August, 1909.... | 40.8 eee 0.7 cee 0.4 | 419 0.046 8.6
September, 1909.. | 41.6 vee 2.1 0.1 ... 438 0.047 8.3
October, 1909.... | 40.2 vee 24 cee 0.3 | 429 0.046 8.2
November, 1909.. | 37.3 . 20 | ... 0.2 | 3956 0.042 1.7

December, 1909.. | Smelt|er do| wn on accou|nt of | railro; ad strike
January, 1910.... | 49.1 e e L. 0.5 | 49.6 0.063 8.2
February, 1910... | 51.9 e e 1.7 | 63.6 0.067 8.7
March, 1910..... 40.5 ee e 23 | 428 0.046 1.6
April, 1910...... 44.8 1.2 | ..... 1.2 | 472 0.050 7.9
Average ..... 44.0 0.1 0.8 0.8 | 46.7 0.049 | 83

The new smelter stack and flue system had thus brought about
an increase in capacity from 36.1 tons to 45.7 tons per furnace day.
Treating more than 50 tons per furnace day, however, increased
the sulphur in the calcine an undesirable amount and caused the
furnaces to crust up heavily. It was hoped that by a systematic
study of the conditions these difficulties could be overcome. A test
was carried out under the direction of Arthur Crowfoot.-May 3 to 7,
1910. Four furnaces were selected for the test work, No. 1 and 3
operating as a unit and No. 18 and 19 operating as a unit. The
essential differences between the two units were as follows:

1. The central drop hole connecting the third hearth with the
fourth hearth in furnaces 1 and 3 measured approximately 20 in.
from the shaft to the edge of the drop-hole, while in furnaces 18
and 19 this opening measured approximately 14 inches.

2. The rabble arms in furnaces 1 and 3 made one revolution in
50 seconds, while the rabble arms in furnaces 18 and 19 made one
revolution in 37 seconds.

A fractional part of the total data obtained from the test is
tabulated below,

-
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Tonnage Test on McDougall Furnaces

(A). Average results obtained from No. 1 and 3 Furnace Unit

May May May | May May
Date of Test, 1910. 3. 4. 5. 6. 7.
Nominal tons wet conct. to be fed per 24 hr. ..... 55 60 65 70 75
Total tons wet conct. fed per 24 hr.............. 52.72| 59.05| 64.64] 69.17| 59.18
Actual rate of feed, tons per 24 hr.............. 58.80| 66.13| 71.85| 80.18 94.54
Hours furnace in operation.................... 21.61f 21.30{ 21.71| 20.70{ 15.79
Hours furnace down............c.cvivienrnnnnnn 2.49] 2.7 2.29 3.30] 8.21
Per cent of 24 hr. furnace down............... 10.37] 11.25 9.5:] 13.75| 34.20
Draft reading on flue necks, inches water...... 1.28) 1.26] 1.23 13| 1.36
Concentrate Fed.
Moisture, per cent...........coiiiiiiiiiiianaan 75| 80| 67| 76| 7.1
CU, POI CeML. .. .vveieneniiereennenenennnsnnnes 8.80] 7.55] 8.20{ 8.4 | 8.46
S, PEr Cent.......coiiiiiiiiiiteeinrnceannaonans 36.0 | 32.8 | 34.6 | 34.4 | 35.8
Calcine Produced.
Cu, per cent.........coiiiiiiuirniennnnnonnnnnns 10.55( 9.75( 10.35| 10.1 | 10.25
S, Per Cent......ciiiiiirnrnrnenncnnernsnnnnns 82| 9.2 113|122 | 12.6

(B). Average results obtained from No. 18 and 19 Furnace Unit

The most interesting fact clearly brought out by this test was that
increasing the feed to the furnaces did not increase the percentage
of sulphur in the caleine as much as expected. The test showed that
on increasing the feed of concentrate more sulphur was burned per
minute and per square foot of hearth area, and the furnaces ran
much hotter. In fact, the main difficulties experienced were on
account of too high a temperature being developed. The heat
generated caused the drop-holes to become built up, and heavy
accretions to form on the roofs.

The 18-19 furnace unit with the 14-in. third hearth central drop
lost on an average about 7% more time than the 1-3 furnace unit
with the larger third hearth eentral drop-hole. The reason for this
was that the smaller hole. on account of the higher veloeity of the
gases and the concentration of heat at this point, caused heavy
accretions to build up on the roof. Practically all of the additional
time lost by the 18-19 furnace unit was due to barring accretions

=
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from the roof of the third hearth. The observations showed that
in treating high tonnages, increased speed was advantageons, for
the reason that it kept shallower beds on the furnace hearths, and
there was less banking up of material in front of the rabble arms.

The data obtained from this test outlined the way for future
work. 1t was necessary to have the furnaces run cooler, which
could be accomplished either by drawing more air through the
furnaces, and consequently discharging more heat in the waste gases,
or else by decreasing the sulphur content of the feed. Also, for
treating high tonnages, the test indicated that the larger size of
drop-hole and increased rate of speed were in all probability desira-
ble.

John A. Church, Jr., was then detailed to make a special investi-
gation and acting on the information obtained from Mr. Crowfoot’s
test, furnace No. 19 was operated on a high tonnage, but the fuel
value of the feed was lowered by mixing screenings and limestone
with the concentrate. The feed treated was made up of 20 tons of
concentrate and 6 tons of foreign material per shift. By ‘foreign
material’ is meant any constituent of the feed lower in fuel value
than the concentrate, such as slime or first-class ore screenings.
Shifts are all 8 hr. The furnace had a small third hearth drop-hole,
measuring 14 in. from the shaft to the edge of the drop-hole, and
ran at high speed, the rabble arms making one revolution in 38 sec.
The draft was regulated by dampers in the flue necks, and by closing
all doors except one on the sixth hearth. The furnace handled the
20 tons of concentrate per shift satisfactorily and the foreign mater-
ial mixed with the concentrate kept the temperature of the furnace
from becoming too high. It was found, however, that the work of
keeping the roof clean above the third hearth drop-hole was exces-
sive for normal running. On May 17, furnace No. 18 was equipped
with an enlarged third hearth drop-hole and started for parallel
comparison with furnace No. 19. Both furnaces had two of the six
drop-holes covered on the second hearth, and two closed on the
fourth hearth. Two doors were left open on the sixth hearth.

A few days of operation showed that No. 18 ran considerably
cooler and crusted up less than No. 19. Also No. 18 would not
take as large a tonnage of foreign material without becoming too
cold. Although by means of feeding foreign material along with
the concentrate the temperature of No. 19 furnace as a whole could
be maintained at about the right point, yet on account of the concen-
tration of heat at the third hearth drop-hole and the high veloeity
of the gases at this point, the work of keeping the roof above the
third hearth clean still continued to be excessive.

-
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While enlarging the third hearth drop-hole of a furnace greatly
reduces the work of keeping the furnace clean, it also has the unde-
sirable effect of making the caleine run higher in sulphur. A year
or two later a means was found of retaining the smaller drop-hole,
and yet avoiding excessive incrusting on the third hearth roof. Two
extra drop-holes were cut in the third hearth close to the edge of
the centre drop-hole. The inner rakes on the third hearth rabble
arms were set so as to push the material away from the centre, and
therefore all material passing from the third to the fourth hearths
was forced to pass through the two extra drop-holes. This meant
dropping a large bulk of material four times in every revolution of
the central shaft, instead of having the material showering down
continuously over the edge of the centre drop-hole. It reduced the
amount of incrusting on the third hearth roof and localized what
incrustations formed over the extra drop-holes, making the work
much easier for the furnacemen. The 14-in. centre drop-hole com:-
bined with the two extra drop-holes is the present practice for the
third hearth. It is mentioned here because, although during the
work in the spring of 1910 to increase the tonnage per furnace it
was found that the 20-in. was an improvement over the 14-in. third
hearth drop-hole, later work as noted above, has made it desirable
to again change back to the smaller drop-hole.

While No. 19 was down for repairs and to have the drop-hole en-
larged, observations were kept up on No. 18. More doors were
gradually opened on the sixth hearth until finally the furnace was
run with all four of the sixth hearth doors open. (The doors on the
upper hearths are always kept closed except when they must be
opened for cleaning, or pulling lumps out of the furnace.) The
opening of each successive door brought about an improvement in
the condition of the furnace, showing that previously not enough
oxygen had been supplied. Similarly, the dampers in the flue necks
were opened wider, improving the work of the furnace, until in time
the full available draft of the lateral flue was being used, about
1.2 in. of water.

The chief difficulties experienced with No. 18 were due to the
sensitiveness of the furnace. Changes in the quality of the feed,
irregular feeding of foreign material, and other adverse conditions
would often cool the furnace too far, necessitating the use of the
oil machine to restore a normal working temperature. The first im-
provement in maintaining the furnace at a steady temperature was
made by closing one additional second hearth drop-hole. This made
three second hearth drop-holes closed in all. At first it was thought
that the inereased amount of heat obtained by decreasing the second

-~
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hearth drop-hole area was due to increasing the frictional resistance
to the passage of gas through the furnace, allowing less air to enter
the furnace and less heat to be carried away in the waste gases.
The improvement which had been made in the work of the furnace,
however, by opening more doors on the sixth hearth and opening
wide the dampers in the flue necks, showed that this was not the
case. The drop-hole area on the second hearth, even with three
drop-holes covered, was large enough not to throttle to any apprecia-
ble extent the gases traveling through the furnace. The effect,
therefore, of closing one extra drop-hole was to concentrate the
ascending hot gases, which had previously been passing through four
drop-holes, into three, thus intensifying the heat at these three
peints. Near the outer edge of the second hearth is where the con-
centrate should first begin to burn, and a certain temperature is re-
quired for its ignition. As No. 18 had a tendency to run cold,
closing an extra second hearth drop-hole, therefore, benefited the
furnace by helping to secure proper ignition for the incoming con-
centrate. Decreasing the second hearth drop-hole area probably
also helped by lessening the amount of heat lost by radiation from
the third hearth.

Another improvement made in maintaining furnace No. 18 at a
good working temperature was increasing the amount of concen-
trate fed. The feed of concentrate was raised first to 22 and later to
24 tons per shift. With the higher tonnage the furnace developed
more heat and it was found advisable to remove one of the second
hearth drop-hole covers, again returning to the condition of four
open and two closed. On June 2, No. 19 was again started, the third
hearth drop-hole having been enlarged to 20 in. The furnace was
operated in every respect similar to No. 18. It was found that for
some unexplained reason No. 19 normally ran hotter than No. 18,
and as the tonnage of concentrate fed was increased to 24 tons per
shift it was found that No. 19 ran best with all of the second hearth
drop-holes uncovered. No. 18 throughout the testing work was
found to give the best results with two of these drop-holes covered.
It will be seen, therefore, that the proper second hearth drop-hole
area is a variable quantity, depending on the temperature conditions
of a furnace, quantity of feed treated, and so on.

On June 17 it was decided to run furnace No. 22 against No. 18
and 19 to determine the relative advantage of high and low speed,
all other conditions being the same. Accordingly a course of brick
was knocked out around the third hearth drop-hole of No. 22, and
instructions were given to gradually raise the tonnage of concen-
trate to 24 tons per shift. No. 18 and 19 continued to revolve once
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in 38 sec. and No. 22 was left unchanged at one revolution in 53 see.
The operation of all three furnaces during about a 10-day period
showed that the high speed furnaces gave less trouble from material
banking up in front of the arms and in general produced calcine
assaying lower in sulphur. A discussion of the relative advantages
of high-speed, from the report of Mr. Church, is presented herewith.

For high tonnages the increased speed gave better results, in
that the depth of bed on the hearths was kept lower and there was
less tendency for the feed to bank up in front of the arms. Every
revolution of the central shaft moves a constant amount of material
at any one point on the hearth over a radial distance equal to the
width of two furrows. If the speed is increased and the depth of bed
remains constant, every revolution moves the same amount of mater-
ial the same distance as before, but in a given time the greater
number of revolutions will move a greater tonnage. If, however,
the speed is increased and the tonnage remains constant, every
revolution will move a less quantity of material than before, that is,
the depth of bed will be reduced.

Increasing the speed means not only a decrease in the depth of
bed, but also means that the bed is stirred more frequently. Every
passage of a rabble arm, by stirring the bed. presents a freshly
exposed surface to the action of the oxygen-bearing gases. The
best speed is that which exposes a fresh surface just as rapid oxida-
tion of the sulphur is beginning to die on the old surface. The time
required for this rapid oxidation of the surface to cease varies with
the character of the material, the amount of oxygen in the gases, the
temperature of the bed, temperature of the gases, and many other
factors. In general, however, it may be said that the period during
which the surface of the bed undergoes rapid oxidation is shorter
for the fifth and sixth hearths than for the third and fourth hearths.
Up to the point at which a surface is buried while still undergoing
rapid oxidation of its sulphur, increasing the speed tends to increase
the rate of elimination of sulphur.

On the third floor, the speed of one revolution in 38 sec. un-
doubtedly made the stirring too rapid. On the fourth floor obser-
vations indicated that the increased speed was probably about
right, while for the fifth and sixth hearths a still higher speed might
have been used to advantage.

The effect on the roaster department, as the improved methods
of operation developed from the experimental work were gradually
applied to the regular daily work of the furnaces, is shown by the
figures tabulated below. These figures are taken from the monthlv
smelter reports. RS
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Average Tonnage Treated per Furnace Day

i ! ! Total Tons
irst-Class Total per 8q. Ft. | Per Cent
Conem Ore iscel- | Cupreous of Hearth 8 in

Month. } Sereenings. l Matertal. | Limestone. |  Total. Ares. | Caleines.
April, 1910.. | 44.8 | 1.3 ‘ 16.0 1.2 412 0.050 7.9
May, 1810..  46.9 39 0.1 50.9 26 53.5 0.057 76
June, 1910:01 412 | 36 08 | 514 38 55.0 0.059 8.0
v BN U S S LN B 603 | ooet | 83
. . X e . X X 8.2
Beptember, 1910.. 675 | 39 | 0 | 114 &5 | 6.083 9.8
October, = 1910.. | 68.1 5.3 U134 8.2 81.6 0.088 8.8
November, 1910.. 738 | 46 | 78.4 9.8 88.2 0.094 8.0
December, 1810..1 131 | 43 7.3 1o | 883 0.094 8.4
January, 1911 67.8 24 | 70.0 11,9 81.9 0.088 84
Febroary, 1911.. 705 10 74.5 143 88.8 0.095 10.6
March, 191100 7511 ‘ o3 | il 75.4 10.3 85.7 0.092 1.4

Before the experimental work was started, the reasons for not
treating more than about 14 tons of concentrate per furnace per
shift were that increasing the tonnage raised the percentage of sul-
phur in the calcine, caused the furnaces to become too hot, espe-
cially locally on the roof above the 14-in. third hearth drop-hole, and
made the furnaces crust up heavily, necessitating an excessive
amount of cleaning. The problem of treating an increased tonnage
therefore involved the following factors:

(a). Supplying sufficient oxygen and stirring the hearths fre-
quently enough to burn the increased amount of sulphur.

(b). Regulating the heat from the increased amount of sulphur
burned per square foot of hearth area so that the furnaces would
not become too hot.

(¢). Regulating the drop-hole area so as to avoid too great a
concentration of heat and too high a velocity of the gases through
the drop-holes, thus preventing the furnaces from building up too
heavy incrustations, particularly on the roof above the third hearth
centre drop-hole.

The specifiec changes made, through which the treating of higher
tonnages became possible, were as follows:

(a). The furnaces were operated under the full available draft
(about 1.1 in. of water), with no dampers in the flue necks and
with four doors open on the sixth hearth, so as to draw enough air
through the furnace to supply the necessary amount of oxygen.

(b). The speed of revolution of the central shafts was increased
from one revolution in 53 sec. to one in 45 see. on the first battery
(four furnaces) and to one revolution in 38 sec. on all the other
batteries (18) furnaces. This increase of speed had two effects:

1. It permitted an inerease in tonnage without increase in the
depth of bed, thus helping the furnaces mechanically.

2. 1t stirred the beds more frequently and aided in the mor
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rapid oxidation of sulphur by bringing the sulphur into contact
with sufficient oxygen. In a given time, to obtain the same degree
of calcination, a furnace treating a higher tonnage has to eliminate
a larger quantity of sulphur.

(¢). First-class ore screenings and limestone were mixed and
fed with the increased tonnage of concentrate to reduce and regu-
late the temperature of the furnaces.

(d). The area of the third hearth centre drop-hole was increased.
This reduced the amount of heat which had formerly been concen-
trated at this point and decreased the velocity of gases through
this opening, resulting in permitting the use of a higher tonnage
without an excessive amount of crusting on the third hearth roof.

(¢). The second hearth drop-hole area was regulated so as to
obtain sufficient heat at the edge of the second hearth to ignite the
incoming concentrate.

A short time later it became desirable to increase the roaster out-
put to supply the feed for an additional reverberatory furnace. The
furnaces were already handling practically the entire output of
fine concentrate, and it was necessary to treat a larger amount of
first-class ore screenings, of which a sufficient supply could be ob-
tained.

In the previous work, the ore screenings had been used as a cool-
ing agent to keep down the temperature of the furnaces. The prob-
lem now, instead of running the McDougalls so as to treat the
best possible tonnage of concentrate, using screenings only as a
cooling agent, was to treat the largest possible tonnage of screenings
by utilizing the available heat in the most efficient way. The means
used were as follows:

1. Operation of the furnaces on a high tonnage of concentrate.

2. Proper regulation of the second hearth drop-hole area.

3. Withdrawal of limestone from the feed, its place being taken
by sereenings.

1. Screenings being low in fuel value and having a cooling effect,
as previously stated, it was necessary to keep the furnace as hot as
possible. Increasing the feed of concentrate meant burning more
pounds cf sulphur per square foot of hearth area per minute and
developing more heat. The concentrate feed to cach individual fur-
nace was therefore maintained as high as possible without unduly
raising the percentage of sulphur in the calcine.

9. In order to secure proper ignition for the feed, the second
hearth drop-hole area was regulated so as to obtain as high a tem
perature at the outer edge of the second hearth as possible without
too much throttling of the draft.

™~
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3. Limestone having no fuel value, it was found that its place
could be taken by a greater quantity of screenings, the screenings
carrying an average of from 18 to 20% sulphur. The constructicn
of the McDougall furnaces was therefore changed so that on two
furnaces in each battery limestone could be fed directly to the
outer edge of the sixth hearth. All the limestone treated was fed
to the sixth hearth of these furnaces.

In addition to the possibility of treating a larger tonnage of
screenings, there were a number of other advantages in favor of
this arrangement. One advantage was that the amount of lime-
stone mixed in with the calecine was not limited by the temperature
conditions of the furnaces, for feeding limestone directly to the
edge of the sixth hearth had very little cooling effect. Another ad-
vantage was that its removal from the main body of the furnace
lessened the danger of breaking rakes by the wedging of large
fragments under the blades. Furthermore, there had been no ad-
vantage in sending the limestone through the furnaces. As the
temperature in the furnaces was not great enough to burn lime-
stone to lime, it underwent no chemical changes. By sending it
directly to the outer edge of the sixth hearth it was warmed as
much as if it had passed entirely through the furnaces and was
nearly as well mixed with the calcine.

A test to determine the maximum percentage of sereenings which
could be treated was started in December 1910. The results are
of unusual interest as showing the wide range in sulphur content
of the material which can he successfully roasted in a McDougall
furnace. ’

At the time of starting the test, about 8820 1b. of screenings could
be treated per furnace per shift, mixed with about 50,000 1b. of con-
centrate. The ratio was therefore about 25 tons of concentrate
(wet weight) to 4.41 tons of screenings per shift, or 85% of con-
centrate to 15% of screenings. The screenings were fed intermit-
tently during a shift, and, as they always had a cooling effect, they
were used only when the furnaces were running hot. This led the
furnacemen to believe that the continuous treatment of screenings
alone would be impossible, and in earrying out the test it was neces-
sary to increase the percentage of screenings by slow degrees. The
successful solution of the problem depended on keeping the furnace
sufficiently hot. Furnace No. 16 was used for the test work, and
whenever necessary the temperature of the furnace was raised by
means of either or both compressed air or coal and oil.

The advantage of compressed air in keeping a MecDougall fur-
nace hot was discovered by noticing the effect produced by air -
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blown into the furnace through an oil machine after the oil in the
machine had been exhausted. It was observe dthat the jet of air
on the fourth hearth caused more rapid oxidation of the sulphur,
developing more heat and increasing the temperature of the fur-
nace. The increase in rapidity of the oxidation was caused by the
air impinging on the hearth, bringing the calcine into intimate
contact with fresh oxygen.

In the test to determine the maximum percentage of ore sereen-
ings which could be used in the feed to a McDougall furnace.
furnace No. 16 was first equipped for compressed air with three
14-in. pipes inserted through the observation holes of the fourth
hearth doors. It was found that air blown through these pipes
aided greatly in increasing the temperature of the furnace, and
many times when the furnace showed signs of becoming cold a re-
covery was effected by means of compressed air without the use of
oil or coal: One disadvantage, however, was that there was an
increased amount of inerusting on the rabble arms, due to sparks
produced by the air blowing on the bed. A large amount of this
incrusting was done away with, and better results obtained from
the air, by replacing the 4-in. pipes by 34-in. pipes. This change
made it possible to slightly decrease the velocity of the air entering
the furnace, at the same time increasing the volume. Thus the
amount of sparking was reduced and the hearth area affected by
the air increased.

A further improvement was made in the method of introducing
the compressed air into the furnace bhefore the completion of the
test. On the fourth hearth, three 34-in. pipes each 414 ft. long were
ingserted through holes drilled in the shell and brickwork of the
furnace. These pipes were run toward the centre of the furnace
along the fourth hearth roof, leaving just enough room for the
rabble arms to pass beneath them. Just outside of the shell of the
furnace the pipes were each connected to a rubber hose delivering
compressed air from the converter air main. Inside of the furnace
the pipes each had two series of V4-in. holes drilled in them, ex-
tending from the brick wall of the furnace to the ends of the pipes.
The holes were drilled 14 in. apart, and the two series were each
14 in. apart, directing the air at nearly right angles down on the
bed. These pipes caused the compressed air to affect a large area
of the bed. and because the air was directed against the bed at
nearly right angles, sparking was practically eliminated. Pipes
were also used to introduce air to the fifth hearth, the arrange-
ment being exactly the same as for the fourth. It should be re-
marked here that, although the equipment deseribed above was
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found highly satisfactory during the short period of the test, it
would not be suitable as a permanent installation, for the reason
that the pipes are liable to become bent by the heat and interfere
with the arms, and also because they make it difficult to clean the
roofs of the hearths where they are placed.

The experiment was also tried of blowing air in on the third
hearth, but the results were unsatisfactory. The temperature of
the third hearth is too variable, and unless the air is blown against
a hot bed it does not increase the rate of oxidation of the sulphur,
having simply a cooling effect.

As the percentage of ore screenings in the feed to No. 16 was
increased, the furnace could not be kept hot enough by the use of
air only, and it became necessary to use a small amount of slack
coal. This coal was fed through a different hopper from the screen-
ings and concentrate, a fairly even feed being obtained by poking
the coal through the hopper a little at a time and allowing it to
mix with the screenings and concentrate on the first hearth. When-
ever the furnace received a slight set-back, oil was also used to keep
it hot, the oil being blown in on the fourth hearth in the usual
manner.

On night shift of February 7, 1911, ore screenings alone were
first treated in the furnace and from then until Feb. 12, the fur-
nace was maintained on this feed. Coal and air were used continu-
ously to keep the furnace hot, and oil when necessary. The ore
sereenings contain only 17.4% S as compared with the 33.4% S of
the concentrate.

Record of McDougall Furnace No. 16 During Test on Treatment
of Ore Screenings

| ! Fuel per Ton |
Tons of Material Charged. Per Cent of Feed. Fuel Used. I of Feed. |
Concen- | Screen- Concen- | Screen- 8inCal-
Date, 1911. trates. ings. Total. trates. Ings. Coal. I o1l Coal. l oll. cines.
i Pounds. | Gals. | Pounds. | Gals. | PerCnt.
iy 38001 Gt | 1607 7568 | 6e56 | 3xeh  wask | &3 | G538 | oas a9
.ee al . 5 . . " . 3 .
Jumay 2700 | 4568 | 3140 | 7708 | 5926 4074 ' 31500 | 74 | 4541 | 098 1238
i R ME O BEOHE O BG R MR s BRI h
) AR oHG BHOBE iR E B4 WO
Temary 1000 | 18330 | 48721 €651 2751 | 1249 4350 ' 56 . 6540 | 084 | 67
Poray 20| 1421 | 6695 | 8118 ‘ 1731 8249 100805 | 1T 13087 021 66
troary 3.
Fbruary 4... | No sere| enings us edfromli‘leb'fm 8, inclust ve. | l |
Moy 5.
Poruary 6. ’
Fobrury 7., 7.80 | 56.32 | 6412 | 1 ¢ | 8784 1 0255 | 24 | 14434 | 037 { 1.3
Feruary 8. 7413 | 7413 . 100 13,745 18542 | 011 | 80
Torary 9., 7435 | 74.35 | 100 11430 | 46 15373 | 0.63 | 8.2
ey 10. .. 69.80 | 69.80 100 10260 | 47 = 146,99 | 0,67 | 6.5
Pebraary 11.. 65.80 | 65.80 |100 | 8335 | 24 12667 | 036 | 56
February 12 66.52 | 86.52 100 7955 | 5 | 11959 | 007 | 49

On the completion of the test to determine the maximum percent-
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age of ore screenings. experimental work was again resumed on in-
creasing the tonnage. McDougall furnace No. 16. which had just
been used on the screenings test, was used also for the tonnage test.
The object in view was to treat in this furnace the highest tonnage
consistent with good caleination. As already stated, this furnace
was equipped with pipes for blowing air on the beds of the fourth
and fifth hearths. In the screenings test the air had been used to
increase the rate of oxidation, in order to increase the temperature
of the furnace. In the high tonnage test compressed air was used
to increase the rate of oxidation, but not to make the furnace run
hotter. With the high tonnage of concentrate. and therefore the
large amount of sulphur burned per square foot of hearth area,
the furnace ran so hot that it was always necessary to feed screen-
ings along with the concentrate to cool the furnace and prevent
the material on the third hearth from fusing. The object of in-
creasing the rate of oxidation was not, therefore, to raise the tem-
perature of the furnace, but to improve the degree of calcination.
The speed of revolution of the central shaft was not changed, re-
maining at cne revolution in 38 seconds.

The high-tonnage test was from Feb. 13 to Mar. 3, 1911. The
maximum tonnage treated in any one 24-hr. period, 105.08 tons.
was put through the furnace on Feb. 23. Below is given a record
of the furnace for the three shifts of Feb. 23:

Record of McDougall Furnace No. 16, Feb. 23, 1913

Tons Material !

Charged. 2 Per Cent of Feed. | Fuel. s

& | 1  Ea

e 3 S

saire. - § ¢ é é . & g £ S

] IS K] 58

DD T N

_ RN RN N
Day .......... 13248 | 1.60 | 34.08 | 9531 | 4.69 | b 22
Afternoon ..... 13214 | 316 | 3530 ' 91.05 895 ... 131
Night ......... 32.47 | 3.23 3570 | 90.95  9.05 ... . 116
Total 24 hr... | 97.09 | 7.99 [10508 | .... | .... | O B

Although it was found that on some days around 100 tons per
24 hr. could be treated, producing calcine assaying about 11.5%
sulphur, the test showed that this could not be done continuously
on account of trouble with the driving machinery. Sometimes
the feed would become so heavy on the first hearth that the ma-
chinery would refuse to carry it, and it would be necessary to rab-
ble the material by hand upon the second hearth. Breakages of the
driving machinery were of frequent occurrence, necessitating shut-
downs for repairs. During these shut-downs the furnace would lose

S
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not only the tonnage which would have been treated had it been
possible to continue the running of the furnace, but also, on ac-
count of the cooling off of the furnace during the shut-down, it
would lose tonnage on account of the necessity of reducing the
feed on starting up, until again reaching a normal working tem-
perature.

Fhe heavy load on the driving machinery was the result of increas-
ing the tonnage treated without increasing the speed of revolution
of the central shaft. As explained earlier, increased tonnage with
constant speed means deeper beds on all the hearths. The test
showed that with the central shaft making one revolution in 38 sec.
100 tons per 24 hr. could not be treated continuously in the furnace,
on account of overloading the driving machinery. Increasing the
speed of the central shaft was not tried and might or might not
have caused too frequent stirring of the bed. Whether or not this
tonnage could have been treated successfully by means of increased
speed is still an open question.

The experimental work was undertaken to reduce the percentage
of the flue dust made. The flue dust produced by a McDougall fur-
nace is caused by the material dropping from hearth to hearth
through the rising current of gases. With a strong draft small
particles of partly roasted concentrate are picked up by the gases
and carried along into the flue. Similarly, on the lower floors the
incrustations around drop-holes are the result of the material fall-
ing through the rising gases. Small particles of calcine are picked
up by the draft, and as during the fall through the gases they
undergo very rapid oxidation and become partly fused, when they
are thrown up against the roof they stick there, forming accretions.
The experimental work to reduce the amount of flue dust was there-
fore based on eliminating the fall of material through the upward
current of gases.

The first tests were made with the method invented and patented
by Repath and Marcy. This method provides drop-holes for the pas-
sage of the material from hearth to hearth, which are sealed by the
material itself against the gases, and also provides separate pas-
sageways from hearth to hearth for the gases. A furnace fulfilling
these requirements was designed and furnace No. 17 was remodeled
to conform with the design. This furnace will be referred to as the
Repath-Marey furnace. The construction of the furnace is shown
in the accompanying sketch, Fig. 9.

The Repath-Marcy furnace was started March 15, 1911. At first
there were 1 number of mechanical difficulties encountered which
interfered with the regular discharge of the material from hearth




12 RECENT COPPER SMELTING

/7,///////,

N

|
t.'.
N5

PLAN OF HEARTHS NOS 2 AND 4

1 1 Flue
| T
X3
2 &
z 3
v H .;
sz - K
33 Z 2
1T 0 1 1
Hearth No.1 i o
ERaaets 72 vl &
N .
Galle Heary : . :
ooy 7T Z LLLiggpr s
1 0
Hearth No.3 - - ‘e
P4 S
% Yoo [T, °
- h'
“ o
Gallery '} - - <
[00] o i NEEE N
0 EBLI RS
Hearth No.5 " . -
} oy T 1z
T i F4---1-
)
Gallery §  F> . = 4 ]' .
Floor I ]’
Calcine
Hopper

SECTION"8-B"

F1G. 9. REPATH AND MARCY METHOD FOR DUST PREVENTION.



RECENT COPPER SMELTING 43

to hearth. At times the drop-holes would allow the material to run
through too fast and would become open for the passage of gases.
At other times they would not allow the material to pass through
fast enough and would become choked. Amnother difficulty met
with was the excessive loss of heat by radiation from the gas pas-
sageways. The furnace was therefore shut down after a few days
running, the defects in the drop-hole construction were remedied,
and the gas passageways lined with brick. On starting up again
after making these changes, with the furnace running satisfactorily .
mechanically and as nearly as possible in accordance with the ideas
of the designers, it was found impossible to operate the furnace
without the use of coal and oil. Different conditions of tonnage
and draft were tried, but the result was always the same: The
furnace would not run without fuel. Even when the fourth hearth
was kept hot with coal and oil the calcine produced contained 18
to 20% sulphur. The test showed, therefore, that the furnace as
first constructed was not a success.

From the above it will be seen that the furnace was unsatisfac-
tory on account of its reduced power to eliminate sulphur. Not
enough sulphur was burned to either keep the furnace hot or pro-
duce desirable calcine. The reason for the low elimination of sul-
phur was that one of the principal means of oxidizing the sulphur
in the Evans-Kleptko type of MeDougall furnace—namely, the
showering down of material through the rising current of hot
oxygen-bearing gases—had bheen removed without anything else
being substituted to take its place. In the regular type of Me-
Dougall furnace a large amount of sulphur is burned and a con-
siderable proportion of the total heat is generated during the fall
of material from hearth to hearth. During the fall, each particle
is exposed on all sides to the action of oxygen and oxidation goes
on much more rapidly than when the particle is lying on the sur-
face of the hearth. Eliminating this fall therefore reduces the
amount of Hue dust made by the furnace at the expense of oxidizing
power,

To make sure, however, that the reduced amount of oxidization
was not caused by an insufficient amount of air being drawn through
the furnace, a test was carried out under the direction of Mr.
Crowfooti to determine the relative amount of gas being discharged
by the Repath-Marcy furnace in comparison with two of the
regular MecDougall furnaces, No. 18 and 1. The test showed that
there was about 87% as much gas by weight being discharged from
the Repath-Marcy furnace as from furnace No. 18, and about
81% as much as from furnace No. 1. The lesser amount of gas
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was probably caused by a greater frictional resistance to the pas-
sage of air through the furnace in comparison with the regular
MecDougall type. The gas passageways, after being lined with
brick, had a smaller area than the drop-holes in the ordinary Me-
Dougall furnace. Also, the path of the gases through the Repath-
Marcy furnace was longer. Inasmuch, however, as the Repath-
Marey furnace was treating less than two-thirds as much material
as the other furnaces, it was evident that sufficient oxygen was be-

ing drawn through the furnace for the tonnage treated, and that the
" decrease in power to oxidize sulphur was caused by eliminating
the fall of material from hearth to hearth through the rising current
of hot gases.

Observations on the McDougall furnaces had tended to show that
most of the dust carried into the tlue was produced in the fall
through the centre drop-hole from the first hearth to the second,
and that a few of the sparks formed in the fall through the side
drop-holes from the second hearth to the third were also carried
into the flue. The test work having indicated that, as then con-
structed, a certain amount of showering down of material through
the rising gases was necessary in order to obtain a good elimination
of sulphur, it was decided to modify the design of the Repath-
Marey furnace. The furnace was accordingly shut down and the
following changes made: Between the fourth and fifth, and the fifth
and sixth hearths the sealed drop-holes and separate gas passage-
ways were eliminated, and the construction was changed back to
that of the regular McDougall furnace, allowing the material
traveling from the fourth to the fifth and the fifth to the sixth
hearths to fall through the rising current of gases as before. Also,
pipes were installed to blow compressed air on the fourth and fifth
hearths, the equipment being exactly the same as was used in the
test to roast screenings alone.

After the above changes had been made there was no trouble ex-
perienced in running the furnace on a feed not exceeding 20 tons
per shift, although to maintain the furnace at a working tempera-
ture it was necessary to use compressed air continuously. When-
ever the air was shut off for a while a cooling action would soon be
observed on the third hearth, and in 214 to 3 hr. the calcine would
run high in sulphur. Also, it was found impossible to increase the
feed over 20 tons per shift without cooling the furnace and pro-
ducing high sulphur calcine. The furnace was operated in this way
for about a month (from May 16 to June 15, 1911), treating on an
average 18 tons of concentrate, wet weight, per shift and produe-
ing calcine averaging 7.8% sulphur.

N
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During the regular operation of this furnace it was desired to
compare it with the Evans-Klepetko type of McDougall furnace,
to determine whether or not any improvement had been made in re-
ducing the amount of flue dust produced. The test figures showed
that the modified Repath-Marcy furnace as constructed at the’
Great Falls smelter made flue dust amounting to 10% as compared
to 17.6% for the Evans-Klepetko type. But the furnace as ar-
ranged had a much reduced capacity and could not be operated
without the continuous use of compressed air, and it was not
thought advisable to adopt this type of furnace for regular work.

It should be remarked in passing that the figures for flue dust
given include all of the flue dust actually passing out of the fur-
naces. Part of this dust settles in the MeDougall cross flues, and
from there passes through hoppers and chutes to the calcine hop-
pers below. Part settles in the main McDougall flue and is drawn
off into cars by the calcine trammers. Practically all of the re-
mainder is recovered in the uptake and crosstake flues and the main
dust chamber. Although the McDougall furnaces produce a large
amount of flue dust, therefore, a considerable proportion of the
dust is recovered at about the same cost as is involved in handling
calcine.

A new test was then started on a furnace equipped for dust pre-
vention designed by George S. Crouse. This furnace was similar to
the modified Repath-Marcy furnace in that it was arranged to carry
the material from the first hearth to the second and from the second
to the third without dropping it through the rising gases, but the
method of doing this was entirely different. In the Repath-Marcy
furnace drop-holes were provided for the descending material and
separate gas passageways for the rising gases. In the Crouse fur-
nace the gases traveled upward through the drop-holes exactly
the same as in the Evans-Klepetko type of MeDougall furnace.
Concentrate passing from the first to the second hearth was dis-
charged through an extra drop-hole, which, by an ingenious ar-
rangement, was sealed against the rising gases only during the
brief period when material was falling through it. From the second
to the third hearth the concentrate fell through the regular side
drop-holes, these drop-holes being open for the rising gases except
when concentrate was being discharged through them.

A brief description of the equipment of the Crouse furnaee is as
follows: The extra first hearth drop-hole measured 7 by 8 inches in
plan and was placed about 4 in. from the edge of the regular centre
drop-hole. All the rakes on the first hearth rabble arms pushed the
concentrate toward the centre of the furnace except the two inner
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rakes, one on each arm. These rakes pushed the material away
from the centre. The concentrate, therfore, instead of showering
continuously over the edge of the first hearth centre drop-hole, as
in the regular type of MecDougall furnace, was forced to pass
through the extra 7 by 8 in. drop-hole, falling twice in every com-
plete revolution of the central shaft. The rabble arms on the first,
second, and third hearths were built so as to be always in line one
above the other. On the second hearth rabble arms, toward the
centre of the furnace, were attached two vessels open at the
top and bottom, extending from the bed of the second hearth up
to nearly flush with the roof. When one of the first hearth rabble
arms would be dropping concentrate through the extra 7 by 8 in.
drop-hole, the receiving vessel on one of the second hearth rabble
arms would be directly below the drop-hole, sealing it against the
rising gases. Similarly, a receiving vessel was attached near the
outer end of each of the third hearth rabble arms, sealing the regu-
lar second hearth side drop-holes while material was falling through
them.

In dropping the material from the third to the fourth hearth.
two extra drop-holes were used. This drop-hole construction for the
third hearth was referred to earlier in this report in connection with
the question of enlarging the third hearth centre drop-hole from
14 to 20 in. The extra third hearth drop-holes were not peculiar
to the Crouse furnace, being in use in several of the other fur-
naces at that time. They were not at any time sealed against
the rising gases, but by dropping a large bulk of material four
times in every revolution of the central shaft, instead of having it
showering continuously over the edges of the centre drop-hole, the
amount of incrustation formed on the third hearth roof was greatly
reduced. Also, the incrustations formed were easier to remove,
because they were localized over the two extra drop-holes. These
holes permitted the use of a 14-in. third hearth centre drop-hole.

One further feature in the equipment of the Crouse furnace was
the use of ‘spark catchers’ on the ends of the fourth hearth rabble
arms. These ‘spark catchers’ were plates extending horizontally
before and behind the ends of the arms. The object of the plates
was to catch the sparks formed while the rabble arms were pushing
material through the fourth hearth side drop-holes, thus prevent-
ing the building up of incrustations on the roofs. The plates could
be cleaned through one door, and could be cleaned more easily than
the roof above the drop-holes. The drop-hole arrangement and
general equipment of the Crouse furnace is shown in the two aec-
companying sketches, 4 and B of Fig. 10.
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The Crouse furnace, then, eliminated the dropping of concentrate
through the rising gases between the first and second and the second
and third hearths without providing any separate gas passageways.
One result of this was that the Crouse furnace was much more com-
pact than the modified Repath-Marcy furnace. At this point it may
be remarked that the dropping of material through the rising gas
current may be eliminated between the first and second and the
second and third hearths with much less injury to the capacity of
the furnace than would be produced by eliminating this drop be-
tween the lower hearths. For example, in falling through the ris-
ing gases from the first to the second hearth, the concentrate may be
dried and heated to a certain extent, but no sulphur is eliminated
and no heat generated. In dropping through the gas current be-
tween the lower floors, a certain amount of sulphur is eliminated
from the calcine and heat is evolved. Dispensing with this drop
between the lower floors would therefore not only raise the per-
centage of sulphur in the calcine, but would also take away part
of the means on which the furnace depends for the supply of heat
to keep it running. In a furnace where the heat is all produced
from the oxidation of the sulphur without the help of any ontside
fuel, any factor tending to cut down the total amount of heat pro-
duced is a serious detriment to the furnace.

MeDougall furnace No. 3 was remodeled to conform with Mr.
Crouse’s design, and was first started on Dec. 18, 1911. From the
very beginning this furnace demonstrated that it would run satis-
factorily without the use of coal, oil. or compressed air and would
produce calcine assaying the same percentage in sulphur as the
average of the other furnaces, although at first it was necessary to
feed it a slightly lower tonnage than the average of the other fur-
naces. A number of minor changes were made in the equipment
from time to time, such as rebuilding the second hearth drop-holes
to make them come down more nearly to the tops of the receiv-
ing vessels on the third hearth rabble arms, and adding two exten-
sions to the third hearth receiving vessels. In general, these
changes were designed to seal the drop-holes more securely against
the ascending gases during the period of the falling of the material
from hearth to hearth,

The first test to compare the Crouse furnace with one of the
regular McDougall furnaces as to the relative amounts of flue dust
produced, was carried out in April, 1912. The results of this test
showed that the Crouse furnace was producing considerably less
flue dust, but at the expense of a certain reduction in calcining
capacity. With both furnaces being fed practically the same ton-
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Hearth No. 1. Hearths No. 2 and 4.

The centre drop hole Is now used ‘Usually one or more of these side
as a gas passageway only, and extra drop holes are covered to damp the
drop hole for concentrates. air current.

'Dhclnrg? Hoppers
Drop|Holes
Drop Holes I
Hearth No. 3. Hearth No. 6.

The two extra drop holes through The discharge drop holes are 8 in.
which the calcines fall to the hearth wide and 28 in. long on outer arc.
below, localize and reduce incrusta-

tions.

F16. 10.—CBOUSE EQUIPMENT FOR DUST PREVENTION IN McDOUGALL FURNACE.
A



RECENT COPPER SMELTING 49

nage of concentrate, 64.5 tons, wet weight, per 24 hr, the Crouse
furnace produced ecalcine assaying 14.2% sulphur, as against
10.5% in the calcine from the regular McDougall furnace. Tem-
perature readings taken to compare the Crouse furnace with the
regular McDougall furnaces gave the following results:

Temperature in °F. on Hearths of McDougalls.

Hearth Hearth Hearth Hearth Hearth Hearth
No. 1. No. 2. No.3. No.4. No.5 No. 6.

Average of six regular
McDougall furnaces .. 429 1,017 1,142 1,216 1,162 1,106
Crouse furnace ........ 560 880 960 1,100 1,135 1,150

From the above figures it will be seen that the Crouse furnace ran,
considerably cooler than the regular furnaces, as would be inferred
from the fact that in the comparative test, treating the same feed
as the regular furnace with which it was compared, the Crouse
furnace produced calcine higher in sulphur; that is, it burned a
Iesser amount of sulphur per minute and per square foot of hearth
area.

As a result of this test the Crouse furnace was shut down
and the following changes were made:

Centre drop-hole increased in size from 11 to 14 in. from shaft to
edge of drop-hole. Side drop-holes enlarged by chipping out brick
between edge of drop-holes and shell of furnace to approximately
12 by 15 by 21.5 in. Centre drop-hole rebuilt, making edge of 14 in.
from shaft, and two extra calcine drop-holes 6 by 7 in. Side drop-
holes enlarged from approximately 5 by 9 by 20 in. to approximately
10 by 12,5 by 25 in. Brick chipped out between edge of drop-hole
and shell of furnace.

These changes increased the drop-hole area, making it possible
for a larger volume of air to be drawn through the furnace. Also,
the increase was made as far as possible by chipping out the brick
between the outer edges of the side drop-holes and the shell of the
furnace, thus increasing the drop-hole area with as little reduction
in hearth area as possible. In the regular McDougall furnaces
the standard size of drop-hole for the second and fourth hearths is
5 by 9 by 24 in. In comparison with the regular McDougall fur-
naces, therefore, the Crouse furnace, after the above changes had
been made, had a larger second and fourth hearth drop-hole area.

‘When the Crouse furnace was again started it was found that the
changes in construction had brought about a considerable increase
in ealcining capacity, and that it would handle satisfactorily as
large a tonnage as the average of the other furnaces. A comparative
test was made between the Crouse furnace and McDougall furnace
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No. 1, lasting for eight days during the period from May 21 to May

20,1912, Data obtained from this test are tabulated below:

Summary of Test Data. .
Test period: 12 m., May 24, to 9 a. m., May 29, 1912.

Crouse
Furnace Furnace.
Average. No. 1. (No. 3.)
Concentrate treated per 24 hr. (wet weight), tons........ 67.157 68.493
Molsture in concentrate treated, 7¢..............cc... 8.0 7.9
Concentrate treated per 24 hr. (dry weight), tons........ 61.78 63.079
Cunleine produced per 24 hr, tons....................... 39.372 42.706
Sulphur in calcine, %%.......coiiiiiiiiiiiii i 10.3 9.6
Total products, excluding flue dust, per 24 hr., tons..... 40.531 44.334
Dry weight of feed recovered in above products, %....... 65.6 70.3
Copper fed recovered in above products, %.............. 78.6 87.0
Sulphur fed eliminated from above products, %......... 81.3 81.2
Calculated.
Flue dust per 24 hr, Ib.... ..ottt einennnn 21,049 13,422
Flue dust per dry ton fed, Ib...............coviununn.... 341 213
Flue dust, per cent of dry weight of charge............. 17.0 10.7

From the above figures it will be seen that the Crouse furnace as
finally constructed was a complete success. It had a slightly greater
calcining capacity than the regular furnace with which it was com-
pared, and was a big improvement over the regular furnace in that
it converted a larger percentage of the feed into furnace produets
and made less flue dust. Enlarging the drop-hole area on the regu-
lar furnace to correspond with the drop-hole area of the Crouse
furnace might or might not have given the regular furnace a slightly
greater caleining capacity, but the Crouse furnace would still have
had the big advantage in its favor of making less flue dust. It
may also be remarked here that although on account of the rebuild-
ing of the smelter, and possible changes in the McDougall plant.
the old MeDougall furnaces have not been remodeled to conform
with the Crouse design, the original Crouse furnace, No. 3, has con-
tinued in successful operation up to the present date.

MeDougall furnace No. 18, with which the modified Repath-
Marey furnace was compared, in the test figures shows a greater cal-
cining eapacity than MecDougall furnace No. 1. with which the
(‘rouse furnace was compared. These two McDougall furnaces.
No. 18 and 1, are exactly similar in construction, and with the
same chavacter of feed have practically equal caleining capacities.
A change in the grade of concentrate between the dates of the two
tests wccounts for the larger tonnage treated by MeDougall fur-
nace No. 18,

A comparatively recent change made in the construction of the
S

\

K

\
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McDougall furnaces, which has tended to decrease the operating
cost of the department, has been the substitution of reinforced cou:-
crete hearths in place of the old brick hearths. The brick hearths
were 9 in. thick, 14 ft. 6 in. diameter, and were made of regular size
bricks laid in regular courses. Due to the expansion and contrac-
tion caused by changes in temperature when the furnaces were
started and shut down, these bricks would often become loosened
and would fall out around the drop-holes. Also, bricks would be-
come loosened by barring heavy incrustations from the roofs, and
holes would occasionally be formed in the hearths. The falling out
of bricks from either of the two above-mentioned causes would de-
crease the area of the hearths and would allow material to fall
through to the hearth below before being sufficiently calcined. On
this account furnaces would sometimes have to be shut down for re-
pairs after running for only a few days. The hearths would gener-
ally last a great deal longer than this, but it was never possible to
tell when it would be necessary to close down for repairs.

To avoid the above disadvantages of brick hearths, the substitu-
tion of concrete hearths was suggested by Mr. Corwin. As an ex-
periment, the third and fourth brick hearths were removed from
MecDougall furnace No. 6 and concrete hearths substituted in their
place. The third hearth was selected because it undergoes probably
the greatest variation in temperature during regular operation,
and the {fourth hearth because it is probably subjected to the great-
est variation in temperature on starting up and shutting down the
furnace. The material from which the concrete for the hearths was
made was portland cement, 1 part; tailing, 2 parts; crushed slag,
4 parts.

The hearths were constructed by first building wooden forms in
the furnace and then putting the concrete in on the forms. These
hearths were 9 in. thick where they joined the shell of the furnace,
decreasing to 6 in. in thickness near the centre shaft. The concrete
was reinforced by two series of concentric iron rings tied together
by radiating iron rods. One series of concentric rings and
radiating rods was buried in the concrete about 114 in. above the
bottom of the hearths, the other about 114 in. below the top. The
inner one of the concentric iron rings in each series was made of V-
in. iron rod, the two ends fastened together, and the outer rings of
34-in. iron rod. The radiating iron rods were all 14-in. thickness,
24 in each series. The method of reinforcing the concrete in shown
in detail in Fig. 11.

After putting in the third and fourth hearths of concrete, Mec-
Dougall furnace No. 6 was started on July 24, 1912. In Noventher

-
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the furnace was shut down and the second and fifth hearths changed
from brick to concrete, the furnace being started again on Nov.
23, 1912. From November, 1912, to May, 1913, the furnace has been

No.3 HEARTH No.4 HEARTH

F168. 11.—CONCRETE CONSTRUCTION OF HEARTH FOR McDouGALL FURNACE.

in continuous operation except for short shut-downs to repair the
machinery, ete. The hearths are still in as good condition as at
first, showing no cracks or wear of any kind. The heavy incrusta-
tions that form on the roofs of the hearths are removed more easily,
as they do not adhere as tightly to the smooth surface of the con-
crete as to the rough surface of the brick hearths. The hearths
give every appearance of being practically indestructible, and the
indrcations are that the McDougall furnaces, when constructed
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throughout with concrete hearths will run practically independent
of masonry repairs.

Some figures are given showing the reduction in labor required
for operating the department. The figures on labor do not include
foremen, trammers, oilers, samplers, and so on, as the number of
men employed in such positions is practically independent of the
capacity of the furnaces. The figures include only the occupations
directly connected with the running of the furnaces where a de-
crease in the number of furnaces in operation means a decrease in
the number of men required.

April, 1910. April, 1913.

Number of days McDougall department in operation. 30 30
Total tons cupriferous material treated during month 17,778.4 | 18,369.4
. Number of furnace days..............coovuunnns 386.9 238.4
Average number of furnaces in operation per day... 12.9 7.95
Tons cupriferous material treated per furnace day.. 46.0 771
Average per cent Sin calcines.................... . 7.9 8.9

Partial List of Labor used in Operating the
McDougall Department

Total number of furnacemen during month........ 270 180
Average number of furnacemen per 24 hr........... 9 6
Average number of furnacemen per 100 tons cuprif-

erous materjal treated ................c 000l 1.52 0.93
Total number of feeders during month ............ 106 807%
Average number of feeders per 24 hr............... 3% 224
Average number of feeders per 100 tons cupriferous

material treated ............ ... .. i, 0.59 0.44
Total number of laborers pulling lumps during

mMOonth ...ttt i it it i, 900 ...
Average number of laborers pulling lumps per 24 hr. 3 ...
Average number of laborers pulling lumps per 100

tons cupriferous material treated ............... 061  .......

From the above figures it will be seen that the McDougall depart-
ment treated a larger tonnage of cupriferous material in April, 1913,
with an average of 7.9 furnaces operating per day, than in April,
1910, with an average of 12.9 furnaces operating per day. Due to
the fewer furnaces running in April, 1913, there was a saving in
labor over April, 1910, of three furnacemen per 24 hr., three laborers
pulling lumps per 24 hr., and 5/6 feeder per 24 hour.
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SMELTING IN SHAFT FURNACES AT GREAT ALTITUDES
- By VINCENTE PAzos Y Sacio

(July 26, 1913.)

*The numerous failures made in Peru in attempting to smelt
raw copper ores seem to result from a lack of knowledge of the be-
havior of shaft furnaces at the great altitudes at which they are
there generally worked. The following data, deduced from observa-
tion and proved by numerical results, perhaps may be found useful
by those who have to manage furnaces in such places.

The solution of the following problem will give insight on the
vital point. "

Problem.—What will be the temperature of a water-jacket furnace
in Cerro de Pasco, where the atmospheric pressure is 8.75 Ib. per
sq. in.,' when the same furnace at sea-level (15 1h.) gives 1365°
Centigrade?

By the laws of combustion,

C + 0,=C0,. developing 8100 calories (1)

1 kg. + 11.56 kg.=12.56 kg.
or 1 kg. of earbon combining with the oxygen of 11.56 kg. of air
wrives 12.56 kg. of heated gases which produce 8100 kilogram-calories.

Assuming that the coke contains 10% ash; the carbon in each
kilogram of fuel will be 0.9; and equation (1) will reduce to:

C+ 0,=C0, = 7290 kg-cal. (2)
0.9 kg. +10.4 kg.=11.3 ke.

If the above reaction did not produce heat, the volume of the

gases at 0°C, and 76 em. (15 1b.) pressure, would fill:

10.4-:-1.3 =238 cu.m. (3
But the reaction generates a great quantity of heat, which it may be
supposed raises the temperature to 1365° (‘entigrade.

This temperature has been assumed because it gives an even ex-
pansion of the gases, and it is near the minimum at which raw
copper ore can be practically smelted.

Since air at 8.75 lb. pressure is lighter than at 15 Ib,, and as the
temperature depends on the relative weights of carbon and air com-
bined in a given time, to burn 1 kg. of ash 10% coke, which
at the coast requires 8 cu.m. of air, at Cerro will need at the same
initial temperature:

8 X (15 —=-8.75) =13.71 cu.m. (4)

*Excerpt from the S8chool of Mines Quarterly, July 1913. )
1This is the pressure at the American smelter ner s, de Pasco.
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It is seen that if a furnace is designed to burn, at sea-level, a
certain quantity of coke, to fit this to burn the same quantity at
Cerro, the capacity of the blowers, air conduits, and the area of the
tuyeres must be increased about 70%. If these changes are not made,
but the blowers are only run faster, the blast-pressure will increase,
introducing evils of which I will treat later, and at the same time the
blowing engine will be forced to do a great deal of useless work, in-
creasing leakage at a rate which will surprise men who have had
no experience in operating furnaces at such high altitudes.

The problem of the volume of air, which now looks so simple, was
solved on a scientific basis about 30 years ago. Before this the
greater number of those who tried smelting in the Cordilleras used
too little, although some went to the other extreme and used too
much air; but none could tell in a scientific way the amount that
should be blown. As up to that time results of shaft-furnace smelt-
ing had been unsatisfactory, it became an axiom that ‘‘smelting in
shaft furnaces is impossible in the high Cordilleras of Peru.”’ En-
gineers of almost all nations had tried it and failed. Percy, in the
older editions of his ‘Metallurgy,’ treats of this subject.

The question now arises, does the same amount of carbon burned
in the same time at Cerro de Pasco afford the same temperature as at
sea-level? If one cubic metre of the eight (equation 3) is taken,
formed by the combustion of 1 kg. of 109 ash coke,

At 0°C. the gases will fill 1 cubic metres.

(X3 2730 (X3 X3 2 ¢
X3 5460 (X3 X4 3 (X3
X3 13650 43 [ 6 (X4

Thus the assumed temperature of the furnace expands the gases to
six times their volume at 0° and 15 lb. pressure.

If this is plotted (see Fig. 12) taking the origin of coidrdinates at
O, which represents absolute zero, and making Oy, Ox, represent
respectively the absolute volumes and pressures, then the point t,;
can he made to represent the temperature 1365°C., since the line
Ov,, represents the absolute volume of 6 cu.m., and the line Op,,
the absolute pressure of 15 1b. at sea-level. The suffixes of p, v, and
t, in the diagram, represent the pressures in pounds to the inch, to
which different pressures, volumes, and temperatures correspond.
To find the relative values of temperature, pressure, and volume
at any other point, pass a curve of expansion through the point t,,.

Since a furnace made for sea-level work can by increasing the
volume of the blast, be made to burn the same quantity of coke at
Cerro, the rate of burning is the same. As the heat of combustion
inside a furnace continually replaces the heat spent, and as the num-
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ber of heat units, no matter at what temperature, will always be
constar t, the curve must be an isothermal, no matter how much the
atmospheric pressure may vary. In other words. what is desired is to
find the quantity of coke necessary to keep a fixed temperature of
1365° at a pressure which varies from 15 to 8.75 pounds.
An isothermal is an equilateral hyperbola
p v=P V =constant.

In this case P -:-1 atmosphere = 15 1b. per square inch = 10,333 kg.
per square metre.

V=6 cu.m., which is the starting volume at sea-level pressure
and at 1365°C. temperature. From the nature of the curve of ex-
pansion, it is quite easy to find as many points as wanted. Since
pv=PV, v=PV—+p.

The work done is represented in the diagram by the area bounded
by the lines (t;5....V;5), (Vy5e- . .Vourn)y (Vgernes o -tess), DA (tguise. - .t,0).
which represents a given voltime displaced by a certain varying
pressure. From the nature of the curve, this area is the same as
that enclosed by the lines (pg.15----Dis)y (Pug----t1s), (frae ot o tyrs).
and (tg.;5 ...Ps15), Which represents a varying volume displaced be-
tween two pressures.

As the first area is the more natural representation of the expan-
sion of the gases, between two given pressures, it can be evaluated by
arithmetie. Of course, this valuation, although good enough for prac-
tical purposes, is only a rough approximation, for the hyberbolic
are (t,,....t,.;;) is considered as a straight line.

Thus 1 cu.m. of the gases of combustion, in expanding from 15
1b. to 8.75 lb. pressure, is found to have done 36,260.16 kg-m. of
work. As there were 8 cu.m. of gas (Eq. 3) formed in the combus-
tion of 1 kg. of 10% ash coke, the total for 1 kg. of coke will be.

36,260.16 > 8 =290,081.12 kg-m.
As 425 kg-m. =1 kg-cal., the loss of heat will he as follows:
290,081.12 -:- 425 =682.54 kg-cal.

If closer work is wanted, then the true value for the curve has to
be used.

The efficiency of the furnace at the tuyere zone, and under a pres-
sure of 15 1b., is found to be 60%. equal to 1365° Centigrade.

At Cerro, under a pressure of 8.75 1b., owing to the heat lost by
the expansion of the gases, the same furnace, with the same weight
of air, which means 70% more volume blown in the same time, and
with the same weight of fuel, will give only 52.1% efficiency, equal
to 1184°C. Thus the furnace at Cerro has lost ahout 13% calorific

capacity, as compared with the same furnace at sea-level. This is
LN
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on the assumption that the air is perfectly dry. To obtain closer
results, it will be necessary to make an approximation to bring the
respective temperatures nearer to their true value.

At sea-level, owing to the greater pressure and temperature, the
air, especially in tropical latitudes, contains a quantity of water
vapor which cannot be disregarded; while on the high altitudes of
the Andes, the low pressure and temperature make atmospheric
moisture very small. At sea-level, the air will be blown at a mean
temperature of 25°C., while at Cerro the mean will be 6°, varying
during the day from 1 to 11°. Not taking into account the initial
temperature of the air at the two places, one can estimate the mois-
ture which, at the coast, has to be heated to the required tempera-
ture of 1365° Centigrade.
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It is computed that the diminished pressure at Cerro is equivalent
to a lowering of 20° in temperature ; and the moisture in the air will
correspond to that of -14°C., at 76 em. pressure. From Renault’s
tables it is found that at this temperature 1 kg. air contains 1.7 gm.

water vapor; then the water in the air required to burn 1 kg. of
" coke at Cerrn will 17.68 gm., or nearly 9% of that at the coast.

Thus nearly 9/10 of the heat units used at sea-level, to heat the
water of the air blown into the furnace, is saved at the higher atti-
tudes. As the number of heat units at the coast was 112.7 kg-eal..
at Cerro these will be reduced to only 10.1 kg-cal., leaving 102.6
which is saved, thus increasing the efficiency of the furnace. Allow-
ing 2.6 calories for the heat necessary to bring the water vapor
from 6° to 25° there will be, in round numbers, 100 calories at
Cerro. The corrected efficiency will be 5314,%, as compared with an
efficiency of 60% at the coast. In other words, if the furnace at the
coast smelts 100 tons per day, the same furnace at Cerro, under the
best conditions, will smelt only 89; for the fuel has lost 119 of its
calorifiec capacity. At this temperature only copper ores that have
been roasted. and of which the slags are very fusible, can be smelted.

The next question is regarding the effect of a high-pressure blast.
Suppose that the blast is 2.19 1b., and assume this pressure is neces-
sary to blow the required weight of air, 10.4 kg. (Eq. 2).

If 1 cu.m. of air at 8.75 1b. is taken and an outside pressure of 2.19
1b. (14 the atmospheric pressure), applied, the cubic metre will be
compressed to 0.75 its original volume; this compression generates
heat, but as it is gradual, and as the bustle-pipe which connects a
blower to a furnace is generally long, the heat generated by this
compression is lost through the thin iron shell of the pipe, and when
the air reaches the furnace it has the same temperature as the sur-
rounding atmosphere. When the air passes the tuyeres and expands
again, practically to atmospheric pressure, for the ore column of the
copper furnaces is so low that this factor can be disregarded, the
0.75 cu.m. will not fill its original volume. The heat lost in the
compression has reduced its elasticity. In order to get 1 cu.m. in
the furnace, one must take 1 metre raised to the 1.4 power, and for
any volume v inside the furnace, one requires v'-* from the outside,
as expressed in the equation for adiabatic expansion.

Equation (4) gives 13.71 cu.m. of air necessary to burn 1 kg. coke
at Cerro. The pressure 2.19 1b., which is 14 the atmospheric pressure,
will give: 13.71 X 34=10.28 cu.m. air at an absolute pressure of
10.94 Ib. Expanding back these 10.28 cu.m. from a pressure of 10.94
(pressure at Cerro, 8.75 - pressure of blast, 2.19) to a pressure of
8.75, the volume required is 11.78 cu.m. of air.
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The work of the gases in this expansion is 29,181.3 kg-m.; and the
heat units, 29,181.3 + 425 — 68.6 kg-cal., which makes the relative ef-
ficieney 52.56% = 1195.5°C. Two pounds of blast additional at
these high altitudes will lower the temperature of the furnace about
20 degrees.

At sea-level the furnace has given as sensible heat 4539.4 cal., some
of which is lost in the escaping gases. If the gases escape at 500°.
22 8% is wasted and 39.4% is utilized. Then it follows that

2750.6 cal. vanished as radiation,ete.............. 37.8%
1662.8 cal. wasted in escaping gases............. 22.8
2876.6 cal. avail. for melting (efficieney).......... 394
7290.0 cal. 100.0

To find how much ore this furnace will smelt, and to make the
calculation simpler, suppose that only slag is produced. Assuming
the average copper slag to melt at 1150°, requiring for this 316 cal,,
and 90 cal. more to fuse it, the slag at 1220°, which is the probable
temperature in the crucible, will take up 419 cal. per kilogram; but
each kilogram produces around 43.4 cal. heat of formation.

If & represents the number of kilograms of slag formed, then:

43.4 r=heat of formation of = kg. of slag.

2876.6 ==hecat available for making = kg. of slag.
2876.6 + 43.4r = heat at hand for formation of slag.

419x =heat wanted for formation of slag.
Equating:

43.4r -+ 2876.6 =419z, whenee + = 7.6 kg. slag formed.

Smelting matte, the proportion of coke to ore will he more ad-
vantageous; and if the proportion is 3 of matte to 7 of slag, 1 kg.
of ecoke will smelt 10 kg. of ore.

Perhaps this treatment of the formation of the slag may be thought
arbitrary by many readers; but a moment’s reflection will show that
the slag and the gases of combustion cannot have the same tempera-
ture. As soon as the slag, in this case, rises to 1150° and gets the 90
cal. necessary for its liquation, it drops into the crucible, and what-
ever excess of temperature it obtains above this is due to the trans-
far of heat from a hotter to a cooler body. From the nature of the
furnace, once the slag is in the crucible, the ratio of temperature
hetween slag and hot gases must be more or less fixed, since the
constant tapping of the slag does not give enough time for equalizing
the temperatures.

In estimating the efficiency of the furnace in the higher altitude,
it may be assumed that the radiated heat is the same (37.8 per cent).

In the course of this article it has been scen that 100 cal, is gained
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by the furnace in the higher altitude, by saving the heating of the
water vapor; but there is a loss of 626.1 cal. due to the expansion of
the gases; thus the net loss is 526.1 cal., or 7.2%. Keeping the same
relation between the wasted and available heat, the heat distribu-
tion is as follows:

2750.6 cal. vanished as radiated heat.............. 37.7%
526.1 cal. vanished in expanding gases.......... 7.2
1466.2 cal. lost in waste gases.................. 20.1
2544.2 cal. avail. for melting (efficieney).......... 349
7287.1 99.9

Equating as before:
43.4r 4 2544.2—=419r; whence =26.7 kg. slag.

By roasting and careful fluxing, more fusible slags can be made,
thereby increasing the output of the furnace; but this is expensive,
and only rich ores can stand it. This is what is done by successful
smelters; the ores are carefully prepared before going into the fur-
nace; and to have a safe margin of heat, the quantity of coke, as well
as of air blown in, is somewhat increased, for it is seen that the tem-
perature of the furnace has fallen from 1365° to 1215°, which is not
sufficient for the regular operation of smelting copper ores,

It would he tedious to enter further into these details, but the
calculations are sufficient to show that, even with the necessary
amount of air, smelting is much more difficult at the Andean altitudes
than at sea-level ; and the man who at these altitudes wishes to work
with open eyes must not forget the laws of the expansion of gases.

To apply the same process of reasoning to pyritic smelting, assume -
an ore having 70.84% FeS and 29.16% SiO,.

To make this case as nearly as possible like the one already
examined (using coke), consider 1 kg. of fuel, which in this case is
the ore itself, and suppose it is converted into slag. From the
chemical equation,

2FeS + 60 4 Si0, = (2Fe0)Si0, 4 250,

From thermodynamics it can be deduced that a total of 931 cal.
is available to run the furnace.

In coke smelting, the furnace gave a certain distribution of heat,
which will be more or less the same in pyritic smelting; this is:

Per cent. Calories.
37.8 vanishing heat ............... . ... . L 352
228 wasted heat ........ ... o i i, 212
39.4 efficiency or melting capacity .................. 367

100.0 931
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The slag of the equation will heat up and melt with an expendi-
ture of 395 cal. per kilogram, and most likely, at the crucible of the
furnace, will have consumed 406 cal.; thus, 406 X 0.87 =353 cal.,
is the heat necessary in this case to melt 0.8712 kg. As there are 367
cal. in the furnace, there is an excess of heat above what is neces-
sary to run the furnace.

The heat produced is almost equally divided between the Fe which
gives the solid produet FeO, and the S, which gives the gaseous SO,.
The O necessary to burn these elements is 0.3864 kg., which repre-
sents 1.288 kg. additional N, giving 1.6752 kg. of air, or 1.2886
cubic metres.

The principal data are now available to find the heat losses of
this furnace working at Cerro de Pasco, at an atmospheric pressure
of 8.75 1b. to the inch. The item lacking is the relative radiation
between the two pressures; but as it cannot be had, its value will
have to be approximated.

The gases and the solid products of combustion, while gradually
losing their temperature in doing the work of heating and melting
the slags, will consume, as has been seen, 62.2% of the total heat, or
577 cal. If the temperature to which this 577 cal. will raise its own
products is computed, and the heat lost by the gases in expanding
from 15 1b. to 8.75 1b. is deducted, there will result the sensible or
temperature-making heat which the furnace gives at Cerro.

It can be computed that the fuel constituents of the ore, if not
allowed to lose their heat in melting the slag, would, at sea-level
pressure, raise their own temperature to 2325°C. The work of
expansion is 52,720 kg-m. per cubic metre of gas formed. But as
there are 1.20 m., the total work will be 63264 kg-m. Reducing
work to heat, 63,264 -— 425 — 148.8 kg-cal. Therefore the sensible
heat has been reduced by 148.8 cal., and the temperature must be
lowered 25.6 per cent.

Making a new distribution of the heat:

Per cent. Calories.
37.8 vanishing heat of radiation and convection..... 352.0
14.9 vanishing heat expansion ..................... 142.0
16.9 wasted heat in gases ........................ 158.3
29.3 melting heat (efficieney) ..................... 278.7
98.9 931.0

This distribution of the heat is rather arbitrary, for the vanishing
heat of radiation is kept the same in both cases. Decreased tem-
perature seems to demand decreased radiation; but, on the other
hand, the decrease in atmospheric pressure increases radiation. Not
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having data on this point, I have thought convenient to let increased
radiation balance the decreased temperature; and if the results are
not absolutely true, they will, at least, be relatively so. At any
rate, ordinary practice confirms that this assumption cannot be far
out of the way.

From the new distribution it is seen that at the higher altitude
the smelting heat has dropped from 366 cal. to 278.7; or, reducing
to kilograms of slag, from 420 to 312 cal. With this heat no pyritic
copper slag can be melted and made to run.

To secure the heat that would be available at sea-level, so as to
be able to smelt, add about 4% coke with the corresponding amount
of air to burn it; but this addition tends to make poor mattes, for at
high temperatures oxygen has a very strong affinity for carbon, as
is proved by the bessemer converter, where 2 to 3% carbon is burned
without any great oxidation of the iron through which the air blast
is made to pass. To counteract the reducing action of the coke, a
great cxcess of air has to be blown; this excess and the consequent
increase of the pressure of the blast, cools the furnace, and to remedy
this, more coke has to be added. As a result, I have never seen in
Peru a shaft furnace trying to do oxidizing smelting and consuming
less than 10 to 15% of coke. At Cerro de Pasco, copper ore contain-
ing from 6 to 8% Cu is reduced to matte of 40 to 45% with an ex-
penditure of from 10 to 12% coke. At Yauly, the same quality of
ore was concentrated to 28 or 30% with a minimum of 12% ; and in
the smaller furnaces through the country, the concentration is only
2 or 3 to 1, with an expenditure of 15% coke and an immense amount
of air blown in. In fact, oxidizing smelting in Peru today is nothing
but pot roasting carried to fusion at the expense of fuel. This is
but natural since the altitude reduces furnace temperatures. as has
been seen, by 11 to 25%. according to the fuel, quantity of air, and
intensity necessary for the operation.

In view of all that precedes, I believe that all efforts to do oxidiz-
ing smelting in the Cordilleras will be useless so long as they are
conducted at atmospheric pressure. But if artificial pressure were
put on the furnace, and the fuel were forced to burn at higher pres-
sure, not. only oxidizing but real pyritic smelting could be done in
the Cordilleras as easily as at lower altitudes. If this were aided
by a hot blast, then even ores that at present are thought unfitted
for this work coeuld be profitably reduced directly. perhaps with the
addition of some coke inside the furnace.

It is true that heavier blowing engines would be required, but al-
though these would have to do more intense work, it is likely that,
on the whole, not much more work would be done. At present, the

™~
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quantity of hot unburned air that escapes up the furnace, due to the
small ore columns which are indispensable while working on the
present system, must represent a large amount of fuel and power,
whieh, if saved, would be enough to run the heavier machines, while
a much cheaper and abundant product would be obtained than at
present.

The diagram gives the theoretical temperatures of a furnace at
—6.25 1b. and +6.25 lb., on the assumption that at sea-level the tem-
perature is 1365°C. From this it will be seen that ores which can-
not be smelted at an absolute pressure of 8.75 1b. will be easily
smeited at an absolute pressure of 21.25 lb., with the same amount
of coke and air used in both cases. In pyritic smelting, on account
of the greater quantity of air and the higher temperature necessary
for the work, the difference will be still greater in favor of the higher
pressure, as has already been seen,

There are several ways of increasing the temperature of a furnace:

1. Reducing to a minimum the heavy losses of radiation and
conduction ; those planning to use a shaft furnace in the Cordilleras
should not overlook this point. The crucible and the jackets, where
the loss is the greatest, should receive special attention.

2. The direct use of fuel inside the furnace is the readiest and
easiest way to increase temperature, but in copper matting, every
pound of carbonaceous fuel inside the furnace tends to make poor
matte ; and poor matte is nothing but a reduction of the output of the
furnace.

3. The use of hot blast. The well known properties of hot blast
make it unnecessarry to point out the advantages of its use at high
altitudes where the heat losses are so great.

4. The use of back pressure on the furnace, in such a way that the
fuel is forced to be burned at the pressure desired for its most eco-
nomical working.

The combination of all these conditions favorable to high tem-
perature in a single and easily worked furnace would be the ideal
for high altitudes.
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PROBLEMS IN MODERN COPPER SMELTING

By S. E. BRETHERTON
(February 10, 1912.)

*As copper is the most interesting of the base metals, its impor-
tance in the commercial world being augmented by the wonderful
seience of electricity, I will discuss its metallurgy ; only attempting
to describe modern copper smelting, which is more important for
advanced students. When I say ‘modern,” I mean within the last
thirty years. Less than thirty years ago such mines as the United
Verde of Arizona, the copper mines of northern California, and
others. were considered of little value because the ore was sulphide
and considered refractory. Such properties were examined by sev-
eral noted engineers and rejected. even at a comparatively low valua-
tion. Today such mines have become the basis for the cheapest and
best metallurgical work in the world.

For several years the Dominion Copper Co. of Globe, Arizona,
hauled a trainload per day of sulphide ore all the way from Bisbee
to Globe, Arizona, several hundred miles, in order to get the sulphide
to make copper matte for converting. Not only this: it enabled them
to make a much cleaner slag than is possible when smelting directly
to black copper. I can remember the time when at Clifton and Globe,
Arizona, Santa Rita, New Mexico, and other places, rich oxidized
copper ore was smelted to black copper, reducing a comparatively
small tonnage in the furnace, using 20 to 24% fuel, and throwing a
slag over the dump containing 2 to 3% copper, worth $6 to $9 per
ton. Today the average slag thrown over the dump will not exceed,
I think, 60ec. per ton in copper, and the fuel used in the blast-furnace
from 1 to 10%, depending on the sulphur contained in the ore and
the character of the slag to be made. Briefly, the advantages of
smelting sulphide copper ores are as follows:

1. Greater capacity for the same sized blast-furnace.

2. Less danger of ‘freeze-ups,” a term generally used by the
smelter-men when the furnace is lost by inerustations forming from
any cause,

3. Smaller fuel consumption.

4. Cleaner slag.

I might add the saving of roasting the ore. 'When smelting direet
to black copper, it was necessary to roast any rich sulphide ore.
For some time after the system of smelting to copper matte came

*An address delivered before the Mining Association of the University of
California, January 24.
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into general use, it was thought necessary to roast most of the sul-
phides, and more fuel was used than at present, but as the method
was improved, first with the aid of hot blast, and then cold blast
under higher pressure, the percentage of fuel was continually re-
duced until, in some cases, smelting in the blast-furnace to a low-
grade matte was accomplished without any fuel.

I have just referred to 1 to 10% fuel in the charge in matte smelt-
ing, depending on the percentage of sulphur and character of the
slag to be made. If the percentage of sulphur is low, it is necessary
to use more fuel to furnish the required heat and save the sulphur
for matte making. Again, if it is necessary to make a slag low in
iron and high in magnesia, alumina, barium, or zinc oxide, a much
greater heat is required to keep it fluid. A slag chiefly containing
iron base requires less heat than when the iron is replaced with an
alkaline base (manganese is generally classed as iron for fluxing
purposes), but it is necessary to study the specific gravity of the
slag, in order to get a good matte separation, and at times in run-
ning customs plants I have had so little iron, and so much zine and
barium or perhaps magnesia and alumina, that it required more than
the usual amount of heat to keep the slag hot enough to run prop-
erly. Too much iron base means a fluid slag, but too heavy for a
good matte separation; too little iron and too high a percentage of
alkaline bases, especially magnesium and barium, requires more
heat, and is also too viscous, holding matte or shots of metal sus-
pended mechanically. Slag containing too much silica and alumina
will do the same thing, but the most treacherous slag of all is one
which contains too much zine oxide or barium, especially if they are
together.

Alumina, like magnesia, is not objectionable in limited quantities.
In iron smelting, alumina is classed as a base, but in ordinary cop-
per or lead smelting I consider it safer to class it as an acid. I find
it acts 8o for me, no doubt, for the reason that in the shallow lead
or copper furnace a much lower temperature and less percentage
of fuel is used than in the deeper iron blast-furnaces. In lead smelt-
ing the metallurgist has very little margin to work on when figuring
his slag; that is, he cannot depend on getting any iron from un-
roasted sulphides; if he did, the volatilization of lead would be too
great, causing serious lossgs, and he must be careful to watch his
silica 8o as not to form silicate of lead in the slag. The copper
metallurgist does not fear the volatilization of copper or the forma-
tion of silicate of copper; in fact, a silicious slag for copper smelting
does cleaner work and is more suitable for fire concentration. But
if he depends on getting all his iron for slag-making purposes from
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raw sulphides, as I have frequently had to do, it is necessary, after
figuring the charge, to see that his instructions are carried out on
the feed floor, for too much fuel, too deep burden, or too small a
"volume of blast might mean a freeze-up, due to lack of iron in the
slag. The shape of the furnace, the size and number of the tuyeres,
the way the furnace is fed, all have some bearing on this question,
as well as the amount of the blast used. The size and character of
the ore particles has also to be considered.

Fine ore is very objectionable in blast-furnace work (here comes
in the question of the proper method of crushing and sampling).
Reverberatory smelting practice has the advantage over the blast-
furnace in smelting fine ore, but the ore has to be all ecrushed fine
and a preliminary roast given it. I have also found that very little
zine can be volatilized in the reverberatory furnace, whereas I have
volatilized over 49% of it in the ordinary blast-furnace, which is a
great advantage when the ore contains more zine than the slag can
carry. You have doubtless read articles describing the necessity of
roasting matte before re-smelting in order to get a matte richer in
copper for either the converter or for marketing direct. I remember
an article written several years ago by one of our prominent
metallurgists, claiming that the re-smelting of matte in the blast-
furnace without roasting did not increase its copper content by
concentration. My experience for several years has been, both in
Arizona and California, to ship matte containing 30 to 40% from
ore in Arizona, averaging about 1% % copper, and in California 3%.
This means a concentration of 20 and 13 tons of ore to 1 ton of
matte, respectively, requiring a re-smelting of this matte with
silicious ore, a re-smelting which was made more difficult on ac-
count of having a poor quality of silicious ore on hand to work with.

This roughly outlines the principles of copper matte smelting
down to where the converter is used. To make this clearer, it will
be necessary to describe each particular feature I have taken up
in detail. Some of you may be called upon at some time in the
future to decide as to the advisability of erecting a small smelter
for a partly developed mine, perhaps some distance from a railroad,
the owners having read about 114,% copper in ‘porphyries’ paying
dividends where the ore is first concentrated and then smelted in
the reverberatory or blast-furnace, or ahout where 2% to 3% copper
sulphide is made to pay dividends by direct smelting to matte and
then converted to blister copper containing the silver and gold which
is shipped to Eastern refiners for further separation.

It may be well here to put in a word of caution. Converting the
matte to blister copper means a saving in freight on waste, such
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as iron and other sulphides contained in the matte, and also a better
price for the copper of 1 to 1l4e. per pound, but it is not praectica-
ble to operate a converting plant in connection with a small mat-
ting plant, so that unless the ore contains much precious metal to
help the copper carry the expenses, and conditions are unusually
favorable, it is often better to ship the ecrude ore and put in no
reduction plant at all. It is true that some of our largest and best
paying copper properties of today, such as the United Verde, and
Copper Queen of Arizona, the copper smelters of Montana, and
others, which could be mentioned, were started as copper matting
plants.

To illustrate this point: Some time ago I was called upon to
examine a property 45 miles from the railroad. The owners felt sure
they had a good property which could be made to pay handsome
profits with less than 3% copper. The cost of marketing copper is
greater than is generally realized, especially in the form of matte.
Matte containing 40% copper is the most profitable to make, on
account of slag losses, and is the most suitable for converting plants,
where it is blown to blister copper. A 40% copper matte made
from a 3% ore would equal a concentration of 14 tons of ore into
1 ton of matte, allowing for about 5% loss of coppér in smelting.
The expense on this ton of matte would be, estimating copper at
15c. per pound: Wagon haul as back freight, 42 miles, not less
than $6; shipping to Salt Lake City (the nearest market), railroad
freight, $5.25; copper refining deduction, 234e. per pound, $22;
copper deduction, wet assay, 1.3%, $3.90. This amounts to $37.15
per ton of matte, which, divided by 14 tons, equals $2.65 per ton
of ore. Estimating mining and all development expenses at least
$2.50 per ton of ore; general and all office expenses at 35c. per ton;
smelting so far from a railroad, $3 per ton, at the very least; made
a total of $8.50 per ton, even on the basis of a comparatively large
plant. Divide this by 60 1b. of copper, less 5% for loss, or 57 lb., the
cost would be 14.93c. per pound, in round numbers 15¢. Usually
copper ore contains precious metals to assist the copper in carrying
the expense, but in this particular case the gold and silver content
was scarcely worth considering.

The method of concentrating matte to metallic copper in the
converter was the greatest advance in copper metallurgy within
the last thirty years. The refining of copper by electricity can
perhaps be classed as the second most important advance. The
practice of converting copper matte has been constantly improved
since being first introduced in this country at Butte, Montana.
The use of silicious ore for lining, instead of barren quartz and
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clay; larger converters; machinery for tamping; and, last but not
least, the long-wished for method of adding silicious ore to the con-
verters, as required, is now being accomplished successfully, by
using a basic lining and adding the silicious ore instead of depend-
ing entirely upon the lining to furnish the silica required for com-
bining with the irbn in the matte as the sulphur is oxidized and
driven off.

The great success and continued improvement in converting
practice has had considerable bearing on blast-furnace and rever-
beratory smelting practice. To some extent the same principles
are applied in the much higher blast pressure and larger volume
of blast now used. The higher pressure and deep shaft furnaces for
copper matting can be used where ores are comparatively clean,
but my experience has been in the smelting of ore containing high
percentages of zinc that it was necessary for us to carry a very
low burden above the tuyeres, with an extremely hot top, otherwise
the incrustations would form so quickly on the walls of the furnace
that the furnace would have to shut down in order to be barred off.
‘The shape of the furnace has considerable bearing on this question
also. For this reason I have planned a blast-furnace, especially
designed for the smelting of refractory ore contafning zine, shown
in the accompanying illustration, Fig. 13.

The extremely large top of this furnace is to allow to fall back on
the charge, the dust which results from the fume passing through
this increased area and decreasing its speed just before entering
the smokestack. This was found to be a great advantage. The
dust, which is mechanically thrown out by high blast-pressure and
usually goes over into the dust chamber, was found to be very
much lessened by the use of this enlarged top. There is a 6-in..
space or shell surrounding this top, which is for blast-heating pur-
poses. This feature was added only at the request of those for
whom I was designing the furnace, as I do not consider the results
obtained justify the expense. By this arrangement the space re-
quired for feed doors is cut out, the heating surface is not very
great; then again, the interior of this shell, exposed to the hot
fumes, quickly becomes coated with dust, which is a poor econductor
of heat. The greatest advantage of this air chamber above the feed
floor would be the benefit of the cooling effect to the men working
on the feed floor. Of course, this can also be obtained by brickwork.

In the body of the furnace below the feed floor, it is only 7 ft.
from the centre of the tuyeres to where it is possible to carry the
top of the charge, which is much lower than the ordinary type of
blast-furnace, but this furnace was especially designed for the smelt-

™~
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RECENT COPPER SMELTING

ing of ore containing zine. The bosh, starting a few inches above
the tuyeres, only extends up a distance of 2 ft.; from there to the
top of the furnace the walls are perpendicular. I found this a great
advantage, for the reason that the smelting zone belongs between
the tuyeres and for a few feet above them. By allowing the weight
of the charge to be carried by the boshes it keeps the pressure off

|
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F1G6. 14. CROSS-SECTION OF A POORLY DESIGNED BLAST-FURNACE.

the trucible and allows freer circulation of the blast between the
tuyeres, at the same time holding the burden more compactly above.
The following, showing the shape of one of the first blast-furnaces
1 was requested to use in copper smelting, illustrates my reasons for
this, and while it was very provoking at the time, the experience
taught me a valuable lesson.

The total height of the furnace from ecrucible to feed floor was
about 9 ft.; the diameter at the top was 9 ft. and 4 ft. at the tuyeres,
with a continuous slope from the top to the bottom. The ore was sili-
cious copper ore with iron and zinc sulphides, containing some zinc
and as much iron as we cared to use. After operating for a few hours,
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the smelting zone was all at the top of the furnace, slag and matte
in the cruecible, too cold to run, and a cone or sow formed, as shown
in the sketch, Fig. 14. This was due to the blast passing up the
sides of the furnace instead of reaching the centre of the charge.
It followed the lines of least resistance, blowing the heat with it
and leaving an unfused centre between the tuyeres above the
crucible, which kept growing larger until the furnace was lost.
What littie smelting was done the last few hours the furnace was
kept alive was between the centre and the walls, the slag dropping
into the erucible near the outer rim; which we found to be the case
in cleaning out the furnace. This furnace was afterward abandoned
and has never been used since, to my knowledge. The man who
designed this furnace had had some practical experience, and I was
very much surprised at his making such a blunder.

Some nctallurgists advocate very wide blast-furnaces, even as
much as 56 in., but this is only possible where the ore is coarse,
having had the finer material removed by screening, and a con-
siderable depth of burden is carried above the tuyeres. There is
a limit to the coarseness of the ore as well; more especially in
smelting ore containing zinc in shallow furnaces. As zine sulphide
is one of the most infusible ores, it is necessary to oxidize it so as to
volatilize the sulphur and form zinc oxide. For this reason it is
evident that in shallow furnaces the centre of any large lump of ore
would pass into the crucible where oxidation ceases, and there
accumulate until the furnace is lost, unless a good foreman stops
the blast, takes out the breast, draws off all such accumulations.
replaces the breast. and resumes operations. It will be evident to
those of you who have had some practical experience that the blast
entering at the side of the furnace will have a tendency to ascend
while passing through the charge to the centre; so that if the
furnace is too wide or the charge too fine, what is commonly known
as a ‘sow’ will form in the centre of the furnace in the shape of a
cone. This will mean the loss of the furnace in time, as it forces
the blast with the heat away from the erucible and too much to the
top of the furnace. Before this becomes serious there are generally
one or more large blow-holes formed in the charge above the tuyeres,
through which the blast escapes like wind forced up a chimney.
It is the prevention of these blow-holes by proper feeding, which re-
quires some of the feeder’s skill.

Much zine is always objectionable, but it can bhe handled to better
advantage in copper smelting than in lead smelting; in fact, zine-
blende seems to give less trouble in a blast-furnace with hot-blast
than when roasting in a reverberatory furnaca, g:it requires much
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fmore heat to liberate its sulphur than when roasting pyrite; and
it must be that with hot-blast the oxygen, not having to unite with
fuel, has a better chance to combine with the sulphur where such
an intense heat exists as in the blast-furnace. Some metallurgists
claim that no copper is necessary, and an iron matte will save
the precious metals present. Mixtures containing much less iron
and more silica ean be smelted to better advantage than those I
have named; but it would require too long to discuss the question
of the different combining powers of each base with silica, to form
singulo-silicates for lead smelting or bi-silicates for copper smelting.

The first heat required is for heating the air-blast up to the
temperature where the oxygen will combine with either the carbon
of the coke or the sulphur contained in pyrite; then the heat neces-
sary for melting ores and fluxes so that they will combine to form
the proper silicates for tluid and clean slag is produced by the
oxidizing of the fuel in the charge by the oxygen in the blast. If
cold blast is used, the free oxygen going in with it is required to
oxidize the extra fuel required to heat the blast, thus leaving little
for the sulphur. If more cold blast is used so as to get still more
free oxygen, it drives the heat still farther away from the tuyere
openings into the furnace, and reduces the smelting area of the
furnace in that proportion, driving the heat higher up in the furnace
and burning the fuel and smelting the ore so near the top of the
furnaces that any metals volatilized have no chance to get caught.
It keeps the fuel burning so high above the tuyeres that it leaves
very little for the blast to encounter as it enters, unless a large
quantity is used. When the cold blast enters the furnace and en-
counters hot charge without fucl mixed with it to generate heat, a
crusted furnace soon results, starting at the tuyere nozzle and re-
ducing the capacity of the furnace until it is closed. This results
when too much eold blast is used, or too little fuel and sulphur are
used with the cold blast. By the use of the hot blast this trouble
is greatly decreased and the hotter the blast is the better it is, up
to a point where all the heat necessary for smelting can be pro-
duced by the combination of the oxygen in the blast with easily
oxidized elements in the ore, such as sulphur and arsenic. When
these elements are not in sufficient quantity to produce by oxida-
tion the heat required without making too high a concentration;
that is, when there is not enough sulphur to make matte for the
regular clean working of the furnace, then sufficient fuel should
be used in order to save the necessary sulphur for making a proper
grade of matte.
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BLAST-FURNACE SMELTING WITH CRUDE OIL
(Discussion, February 8, 1913.)

The Editor:

Sir—Your timely editorial on the use of crude oil in blast-furnace
smelting brings to my mind some additional facts pertinent to the
inquiry. A great many attempts have been made in this direction,
naturally enough, considering the obvious nature of the proceeding
and the probable advantages which it should have under the condi-
tions prevailing in this state. Where petroleum is so abundant and
cheap it is most evident that its successful application in smelting
would be attended with great advantages. In regions like Califor-
nia, where coke, the customary fuel in blast-furnace smelting, com-
mands an excessive price, and where on the contrary the liquid fuel
is extremely cheap, there can be no question of the desirability of
employing the latter could means be found of rendering its employ-
ment perfectly feasible. As has often been remarked, the heat units
are there, and only the details of its use remain to be settled.

I have been at much pains to procure information as to the various
attempts that have been made to employ oil in smelting in the blast-
furnace ; attempts which began much farther back than most people
are aware. I have seen an illustration of an antique and crude
form of cupola devoted to melting pig iron which was published
fully 30 years ago, exhibiting the pipe connections by which petrol-
eum was to be fed into the furnace—evidently in connection with
the blast. It entered at the tuyeres, and it may be observed that
while provided with means for atomizing the oil, the combustion
was intended to take place wholly within the shaft. Of the
propriety of thus burning the liquid in the melting zone I will speak
hereafter. The next instance of the use of oil in this style of work
that I shall instance, was the proposal of W. L. Austin, the cele-
brated metallurgist, the father, I may say, of pyrite smelting, to
employ oil jets in the tuyeres of his furnace, not especially for the
heat thus to be gained, but for the special purpose of preventing the
formation of deposits of the magnetic oxide of iron, by which he
was troubled at that time. I think Mr. Austin took out patents for
such application of petroleum, but I am not aware that his inven-
tion came into practical use.

Subsequent to Mr. Austin’s proposal Mr. Nesmith of the Colorado
Iron Works at Denver invented a method of heating the blast of
smelting furnaces by burning petroleum within the air main. His
apparatus consisted virtually in an enlargenf'‘*'L,Q.fh the main, afford-
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ing space for the development of the flame of one or more jets, the
gaseous products of which, along with the unconsumed air, went on
into the furnace. This involved, of course, the provision of re-
fractory linings in the main and its connections. By this means
the blast was effectively heated, but the method was criticised on
account of the vitiation of the air, which lost a portion of its oxygen,
taking up instead a corresponding amount of CO, and water vapot
as the result of the combustion of the oil. I was under the impres
sion at that time and later that the loss of active oxygen thus
brought about was of a serious nature; but reflection convinces me
that the proportion of oxygen thus sacrificed is likely to be too small
to affect the smelting process noticeably, and I regret that I ex-
pressed antagonistic views thereon. It is easily capable of demon-
stration that the blast may be even highly heated without losing
more than a fraction of the total oxygen, and there is also the con-
sideration that if, as is usual, the blast of air proceeds unimpaired
into the shaft it still requires to be heated at the expense of fuel,
and of its own oxygen. It is now difficult to see why the preliminary
heating which it would undergo by either Nesmith’s or Austin’s
method would prove in any way destructive or prejudicial to the
smelting process. Another important consideration here super-
venes: the preliminary heating can be done with greater economy
than the subsequent heating; since the fuel expended in the Net
mith (and probably in the Austin) device would be thoroughly
burned, the end products being CO, and water; while the coke upor
which we otherwise rely for the inter-furnace reactions, is largely
converted into carbon monoxide. The reader will appreciate this
according to his knowledge of the reactions in furnace metal-
lurgy. What would be gained by such an application of oil would
evidently rest upon the saving in cost of oil versus coke. added to
that gained by the more perfect combustion of the former. Some
rough caleculations may make the possible savings quite perceptible
and important. A pound of the ordinary coke sold on this coast
sets free approximately 13,000 heat units when completely burned,
—that is, to carbon dioxide. A pound of oil produces nearly or
quite 20,000, when burned equally thoroughly. Oil is therefore
worth fully one-half more than an equal weight of coke under the
same conditions as to perfection of combustion. In California, ernde
oil may generally be had for $1 per barrel, more or less, depending
on the cost of transportation. Allowing six barrels to the ton, oil
costs about one-third as much as coke, which under similar circum-
stances may cost $12 per short ton, or $18 for a ton and a half, the
equivalent in heating power of one ton of oil. Qil, therefore, when-
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ever its use is permissible, costs only one-third as much as coke.
This computation would doubtless hold good wherever the matter is
one merely of heat units, irrespective of the different behavior of
the two fuels within the furnace. If the mere melting of a sub-
stance be the end sought, as of pig iron in the foundry cupola, or
that of the materials within the open-hearth or copper reverberatory,
there is no doubt that the monetary consideration holds. In the
high iron, as well as in ordinary lead and copper-furnaces, where
deoxidation by means of carbon is necessary, there would seem to be
little likelihood of oil supplanting coke in spite of its greater heating
power and less cost. However, there is much to be learned on this
subject.

Concerning the complete combustion of erude oil within the
tuyeres or before reaching them, experience has taught something
of great significance. I have found by experience, and I dare say
others have observed the same, that ample free and unencumbered
space is essential for the proper burning of liquid fuel. If the
space be restricted, or if the jet, atomized or otherwise, is directed
against the materials to be melted, the oil is only partly consumed,
and much carbon (soot) is set free, giving a very dense smoke, and
in many cases a deposit of heavy difficultly combustible pitech is pro-
duced which, passing below the zone of fusion, produces some ill
effects. Even if the materials within the shaft are wholly in-
candescent and the combustion lively, as befits the smelting region,
there is a waste of oil and the production of no great heat. The les-
son learned from this is_that the introduction of the liquid fuel
directly into the furnace is not a workable method. It is true that
in the lower part of the shaft of a pyritic furnace, as commonly
run, there is much empty space, through which the currents of gas
and air play comparatively freely; but if into a furnace thus work-
ing we proceed to inject oil, the immediate result is to lower the
zone of fusion, by melting away the partly or wholly solidified mat-
ters (the ‘noses’, etc.) which support the charge above, permitting
the whole mass to slide down, obliterating the cavities upon which
the perfect admixture of the oil and air depends. When this takes
place their blending becomes imperfect and the heavy smoke of un-
consumed carbon is again produced, and the rate of smelting
diminished. Such was the result of experiments in oil-burning
when applied to lead-smelting some years since. The men in
charge of that test declared that while the oil effected some appar-
ent saving in the cost of fuel, the advantage was more than compen-
sated by the diminished rate of driving and the attempt was given
up. Tt appears then, in general terms, that oil cannot be worked
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in a close charge, and I believe that success is only possible when
the liquid is applied to the preliminary heating of blast, which
brings us back to the question so long argued in connection with
pyritic smelting, as to the relative advantages of the heated and
the unheated blast. This question, by the tacit decision of the
metallurgical world, has been decided in favor of the unheated blast ;
but the possibility of employing so desirable and cheap a fuel as
petroleum adds another chapter to the discussion. The question
in its broad aspeect is, can we substitute cheap oil for dear coke in
some measure, and are there other advantages in the use of oil
other than its superior heating power?

There is another advantage, of no mean significance in the use
of oil, which I have discovered, and which I desire to call to the
attention of practical smelting men. I have observed the strongest
tendency on the part of the oil jet to prevent the customary ob-
structions about the mouth of the tuyeres. The heat bestowed upon
the blast is sufficient to immediately liquefy the slag which other-
wise would gather there and freeze into a nose, or partly close the
exit of the wind stream. Everyone who has handled blast-furnaces
recognizes the tendency to choke up the tuyere openings as a serious
drawback in ordinary work, and will hail with delight any practica-
ble means of obviating it. The result of the highly heated blast, or
perhaps I had better say, the presence of the burning jet at that
particular spot, is very favorable to the proper running of the fur-
nace, lessening labor, and by reason of the unimpeded flow of the
air-blast relieving the blowing machinery of much unprofitable work.
I have used a fan in this connection, and I am convinced that it will
deliver fully 50% more air when the oil jets are burning in the
tuyeres than when delivering cold air, entirely hecause the tuyeres
are kept free from obstructions. This is an advantage of great
moment ‘when large smelting capacity is sought.

Wallace Dow, of Dow Engine Co., of Alameda, has con-
structed a melting cupola of his own invention, in which oil is the
sole fuel. It has proved an unqualified success, melting with regu-
larity the pig iron for the numerous castings manufactured by
that company and doing it with an economy unapproached by coke-
burning apparatus. I believe he saves fully three-fourths the cost
of fuel by the substitution of petroleum for coke, and there is the
greatest probability that through further experience the economy
will prove still more decided. Not only is the melting done with
dispatch, but the bath of metal may be kept fluid and in proper con-
dition for pouring for many hours; in fact there is no reason why
it may not remain molten for weeks, since the jets are so arranged
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in part as to play on the surface of the metal. By this means it be-
comes possible to cast at any desired time. The problem before Mr.
Dow differs from that which confronts the copper furnace manager,
since in foundry practice it is necessary to supply all the heat of
melting by the combustion of the oil alone, while in copper matting
we get a great proportion of it from the reactions between the ore
and the blast inside the furnace. In the one case the products of
combustion must enter the furnace at a very high temperature—
perhaps as great as 3000° F.; while in the other the blast, to carry
out all the desired objects, need be no higher as a general thing than
1000° F. Indeed it is generally conceded that with a blast of that
temperature no fuel whatever need be used. It is necessary, there-
fore, to burn but little fuel for the preliminary heating, probably
not more than enough to take up one-seventh of the oxygen of the
air. In matting stacks there are required on the average about
134 tons of blast to each ton of material charged. To raise this
weight of air to 1000° F. would require about 875,000 heat units,
which is produced by 43.75 lb. oil of 20,000 heat units per pound.
This is in the event that combustion is perfeet and that there is
no loss of heat in the operation. This is in the neighborhood of 7
gallons of fuel. I perceive that Thomas Kiddie has successfully
used oil in this kind of smelting, and that he records a consumption
of one barrel of oil to three tons of charge, or 14 gallons per ton.
Probably Mr. Kiddie’s results are more to be relied on than any
merely theoretical calculations, although his published experiments
related to only a short run. Mr. Dow has not as yet accumulated
the facts necessary for precise statements of results, but since he
has put his furnace into regular operation, it taking the place of
two coke-burning cupolas, he will be able shortly to speak with
authority on a number of phases on which there are at present only
theoretical considerations for our guide.

Fully realizing the desirability of completely burning the fuel
before its entrance into the cupola, Mr. Dow has provided his
furnace with two heating chambers, one on each side of the shaft
at the bottom, in which the atomized oil is brought into intimate
mixture with the incoming blast, and from which the hot gases de-
part through broad apertures over the sole of the cupola. The
heat is necessarily very intense, and its effect upon the firebrick of
which the structure is composed is very marked. Better fire-resist-
ing materials than the commercial bricks may be necessary for this
purpose. Water-jacketing might be resorted to. but for a furnace
which is out of commission the greater part of each 24 hours it
seems hardly necessary, differing thus from lead and copper smelting.
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For my part I have taken out patents upon a form of construction
which lends itself very well to the new requirements. My stack
being supported on hollow columns and an encireling windbox,
I have modified these to admit of the combustion of the oil inside
of them, directing the highly heated blast to the interior of the
stack through tuyeres lined with refractory materials instead of the
iron pipes commonly employed. Each supporting column conveys
and heats the blast, being lined with firebrick and provided with
an efficient burner, by which the oil is injected downward so as to
meet and be consumed by the incoming blast, which rises from
subterranean pipes connected with the blower. By this means I
still retain the feature for which my furnaces have been noted,
that of no visible air connections. As I am about to put in opera-
tion one of these furnaces I shall take pleasure in later communi-
cating to your readers the economie results of my work.

HERBERT LaNa.
Oakland, California, January 15, 1913.

OIL-BURNING IN FURNACES

(Duscussion, July 12, 1913.)
The Editor:

'Sir—In my letter on ‘Blast-Furnace Smelting with Crude Oil,’
published in your issue of February 8 last, I endeavored to emphasize
the necessity of thoroughly consuming the oil before the entrance
of the mixture of hot gases into the furnace. That such emphasis
was needed is shown in a variety of ways. I have heard subsequently
of two different attempts to utilize oil as fuel in cupola smelting,
which came to naught, apparently by a neglect of this principle.
Observation of oil-burning boiler furnaces, so ecommon now, will
suffice to show the necessity of a thorough preliminary combustion.
The conditions essential to complete combustion—which, by the
way, never takes place under steam boilers—are these: There
must be enough, but not too much air; the space within which
the combustion takes place must remain at the highest possible
temperature ; the space must be ample; and its form must be such
that there be no interference with or between the gaseous cur-
rents. The ideal form would be tubular. The best construction
would be cylindrieal, being composed, let us say, of a sheet-iron tube
lined with firebrick of good thickness, and placed horizontally. The
diameter should conform to the amount of oil to be consumed, and
its length should be such that the gases would be thoroughly burned,
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and that no smoke, the sign of faulty combustion, should issue from
the far end. The temperature at the front (where the air and oil
enter) will necessarily be less than at the back, but should be kept
as high as possible, by cutting off the direct radiation of heat out-
wardly by means of baffle-plates. It is contrary to common sense
to permit of openings at any point wherein the interior can be seen.
The fire-chamber is, of course, connected to the furnace proper,
and when thus connected to a blast-furnace would constitute a
tuyere. Scveral of them would be provided for each furnace,
spaced regularly about its periphery, and pointing radially inward,
or having some inclination downward, according to the fancy of
the designer. They must be contracted at the inner end, to increase
the velocity of the entering gases and assume the customary effect.

The application of oil-burning to the steam boiler is not scienti-
fically made. The old-fashioned coal or wood-burning fire-box is
retained and made to do a duty to which it is not well adapted.
The interior form of the fire-box is about the worst that could
well be devised. Its faults for oil-burning are, first, its many
rectangles, which produce conflicting gas currents and prevent the
proper mixing which is essential to perfeet combustion. Then the
large useless space at the front, which cannot be kept hot; but
chietly the presence of the immense bulging boiler immediately
over the fire at its incipiency, which effectually keeps down the
temperature, which, instead of reaching 3000° or more, as it should,
can barely surpass the red heat. I do not mean that all the space
is at this low temperature, but that it does not surpass the red
heat as an average. ’

When a liquid or gaseous hydrocarbon burns, the tendency is for
the hydrogen to be consumed first, as the carbon, requiring a higher
temperature, may escape combustion in part, passing off in solid
particles and making a black smoke. A cold object introduced into
the path of the burning gases abstracts heat and produces the
smoky effect. The bulky boiler, relatively cool, is responsible for
the great volume of smoke and soot which often defiles the atmos-
phere in the neighborhood of steam plants. The remedy is obvious:
it is to burn the fuel out of contact with the boiler, and to heat the
latter by contact with the fully burned and very hot gases. Smoke
is 80 unnecessary that it is quite a wonder that legislative interfer-
ence has not been invoked effectively; a proper ‘blue-sky’ law
should be placed on our statute books.

It is in reverberatory smelting that oil-burning has reached its
ideal phase. In that furnace the whole interior forms practically
a great combustion chamber, kept at a high temperature throughout
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its entire length (exceeding in some cases 100 ft.), into one end
of which the air and atomized oil are introduced, while the fully
oxidized gases are withdrawn from the other. Being surrounded
by brick-work, cunningly arranged to prevent the escape of heat
by radiation and conduction, the whole interior remains at a
dazzling heat, the conditions being perfect for the development of
the flame and the complete combustion of the fuel. This condition
of affairs should be imitated so far as practicable in the other
applications of petroleum as fuel, even if it involves the construction
of special combustion chambers. Such constructions are in the way
of being realized. Several manufacturers of oil-burning boilers
manifest, in their catalogues at least, a tendency to prolong their
combustion chambers outwardly, or by extending an arch over the
internal combustion space, which comes to the same end, to give the
fuel a chance to develop its flame unhampered by the presence of
the cold boiler surface.
HERBERT LANG.
Oakland, California, June 6, 1913.

PYRITE SMELTING WITHOUT COKE

By Lewis T. WRIGHT
(February 24, April 7, and September 29, 1906.)

From prehistorie times, copper has been extracted from cuprifer-
ous pyrite by a fire treatment consisting of alternate roasting and
smelting with carbonaceous fuel and fluxes. Each roasting oxidized
a portion of the sulphur and iron and each smelting removed, as iron
slag from the copper sulphide, the iron oxidized in the previous
roasting process; and these alternating operations were continued
until a nearly pure copper sulphide was left; such copper sulphide
by melting and oxidation finally became the refined metallic cop-
per which was the aim of these combined processes. The treatment
of the ore therefore was one of elimination, in stages, of sulphur
and iron, and finally the sulphur; it was a gradual scraping away of
the husk and chaff to find the valuable grain.

The successive oxidations and smeltings were carried on with
the aid of carbonaceous fuel, which, by its reducing action, is counter-
active to an oxidizing process.

Let us review for a moment the so-called English method of
smelting cupriferous pyrite: 1. An ore (say 5%) is roasted in a
reverberatory furnace with the aid of 15% in weight of coal.

2. The roasted ore is then smelted with the necessary flux,
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thereby cutting out, as slag, the iron cxidized in No. 1. This smelt-
ing is carried on with the aid of 40 to 45% coal and leaves a 35%
copper matte, or coarse metal.

3. The 35% matte is roasted in a reverberatory with the aid of
40 to 45% coal. .

4. The partly oxidized 35% matte from No. 3 is now smelted
with the aid of 50% coal, again cutting out, as slag, the iron pre-
viously oxidized; this leaves a 75% matte.

5. This 75% matte (white metal) is melted in a reverberatory
furnace and by a succession of oxidations and reductions, in which
the oxidations prevail, is now freed of its sulphur, leaving ‘blister’
copper. This is done with the aid of 60% coal.

6. The blister copper is refined by a succession of partial oxida-
tions and reductions to fine copper.

The practice of large-scale copper smelting in the United States
quickly led to the use of blast-furnaces and converters, and by 1895
the old cumbersome, laborious, and fuel-consuming method had been
largely abandoned in favor of more rapid (and more economical)
treatment. The coarse sulphide ore was often roasted in heaps
with a little cordwood and the fine ore was roasted in mechanical
furnaces, especially if in the form of concentrate, with a not incon-
siderable proportion of fuel. The smelting of the roasted ore in the
blast-furnaces was effected with a quantity of coke equal to about
10% of the weight of the charge, producing a 40 to 45% matte,
which was brought up to blister copper in the converters, without
the expense of further fuel, except that required by the blowing
engines. The sulphide fine, after roasting, was bfiquetted and
smelted in blast-furnaces or smelted direct as a hot caleine in
reverberatories. This last method offers advantages where suitable
fuel can be obtained at a low cost and where the ore is fine.

At Keswick, California, frequent attempts were made to smelt the
sulphide ore (which was pyrite with some chalcopyrite) with hot
blast but at first without increase of economy. The coarse ore was,
therefore, roasted in heaps or kilns and a smelting charge of this
average composition was made for the water-jacket blast-furnaces:

Calcined ore .......cooieiiiiennenceenncnnens 49.5%

Cupriferous pyrite ........cciiiiiiiiienennnnn 12.3%

Raw mMatte ........ccvveinenennennronrennnnns 8.1%

13 ) 1 VSR 7.6%

FIUXeB +.itvitninneerenonsnenssoceanesnannnns 22.5%

(07 LT P 9.3% of total burden

Grade of matte produced..............coo0vunn. 42.0%

Rate of runDing .....covvveinnrnnnesnsnncnnss 5.49 tons per sq. ft. per 24 hr.

Blast vovvviriiiiiiiiiiiiiiiiiiiiiiietieieaaan 22 oz.
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This charge at first ran with extreme difficulty, the furnaces
chronically and promptly freezing up. The difficulty was wrongly
attributed at the time to the presence of a small amount of zinc in
the ore, and it was recommended by the metallurgists then directing
the smelting operations to crush the ore, to roast it in mechanical
furnaces, and to smelt the product in reverberatory furnaces. An
adoption of this recommendation would have entailed the recon-
struction of the smelter. When I took charge, in the beginning of
1897, I discovered that the cause of the difficulty was due to the top
of the charge being held too low in the shaft of the furnace and on
carrying the charge a little higher the trouble immediately disap-
peared. .

The normal charge was calcined ore only and the sulphide in the
above average represents occasions when by especially good roast-
ing of the coarse ore the sulphur ran below that required and sul-
phide ore was added to the charge to bring the matte down to the
normal grade. In the reverse manner, if the coarse sulphide had
not been so well roasted, the grade of matte fell below the normal
and had to be re-treated ; and thus raw matte appears in the average
charge. The furnaces ran with remarkable regularity and ease; but
the heap roasting was an unsatisfactory feature. The fine sulphide
had to be roasted in mechanical furnaces and briquetted. Oceasion-
ally when the supply of calcined ore ran short, all-pyrite charges
were run; but always with the production of a low-grade matte
that required two or three re-smeltings to be brought to the normal
grade, of 40 to 45%. No attempt was made at that time to reduce
the coke on the pyrite charges and the operation was, therefore, not
economical ; it seemed that, owing to the inability to secure a
reasonable concentration, the all-pyrite smelting could not become
an economical practice. Later, the roasting of the coarse sulphide
ore was entirely abandoned and the fine sulphide was roasted per-
fectly and a mixture of coarse sulphide (pyrite) and well roasted
fine sulphide enabled a 40 to 45% matte to be produced economically.
Other attempts to run all-pyrite charges, this time again with the
aid of hot blast, did not succeed, owing to the old difficulty of low
concentration; and when the coke was reduced to about 3% the
furnaces quickly closed up with obstinate accretions. The practice
of running all-pyrite charges was abandoned at that time, chiefly
owing to the unsatisfactory oxidation of the charge. Many mis-
takes, as afterward discovered, had been made in the make-up
of the charge; among other evils, the furnaces were overloaded with
slag. .

The first attempt at all-pyrite smelting failed because it was not
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then realized that the coke then being used could be reduced and
that, being counter-active to oxidation, its presence prevented the
required concentration of the pyrite into high-grade matte. With
9 to 10% coke on a charge of pyrite, a 12 to 15% copper matte ran
through the furnaces like water. Being intensely hot and liquid,
the ganister and fire-brick lining was eaten away and the hot, low-
grade matte was frequently bursting out from the furnaces, pro-
ducing explcsions. The amount of air in the blast was only sufficient
for the combustion of the coke.

When the first serious attempts were made to run all-pyrite
charges with hot blast, with only the amount of coke absolutely
necessary to keep the matte and slag running, a charge was made
up, of which the following are two examples:

Per cent. Per cent.

Cupriferous pyrite ............... 58.7 60.0
Raw matte ..................... 4.3 3.2
Fluxes .......vivvieivinnennnenns 16.6 10.0
Slag .iiiiiiiiiiiiiii it 20.4 26.8
Coke in charge .......o0000vuvnen 2.0 3.5
Copper in matte .........cc000vee 18.7 18.7

The runs were of short duration because in from 5 to 10 days the
_ obstinate accretions threatened to close up the throat of the furnace
entirely and, to prevent a freeze-up, the charge was modified.

It must be admitted frankly that the above mentioned attempts.
at all-pyrite smelting were purely empirical and in no sense founded
upon scientific reasoning. Had the experiments been varied as re-
gards the proportion of inert heat-absorbing slag, reducing this
to a minimum, no doubt it would have been then and there demon-
strated that such charges would run entirely without coke and the
concentration would thereby have been somewhat better. But
those were not our scientific days of pyrite smelting.

However, the advantage of hot blast in the case of a composite
charge of coarse sulphide and well calcined fines was abundantly
proved, and hot blast was adopted for all furnaces. It was imme-
diately seen that the hot blast, other conditions being equal, enabled
the furnaces to run one-fifth faster with the use of one-fourth less
coke and produced 25% higher grade matte. This was the result of
being able to take off from the charge so much de-oxidizing
carbon,

The composite charge of sulphide and well roasted fines was
then smelted with hot blast in a two-stage process. The first-
stage furnaces carried the following average charge:

N
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Per cent.
Calcined ore ...........iiiiiintnnnnnenenennnnnnnn, 26.1
Cupriferous pyrite ........cciiiiiiiiiiinenrnennnnn. 35.5
Flue dust ......iciiiiiiiiiirieeeteraeronnseennannnns 9.7
] . - AP 145
FIUuXeB ......iiiiiiiiiitnitiiinasnennennnensnseennnas 14.2
Coke in charge ..... ..ciiiiiieiinnnensenonennennnns 4.0 of total burden
Copper Inmatte ......c.cciiiiiiinerirnnnnererennneass 31.0

This matte was re-smelted with some sulphide and calcined fin>
ore in a charge, of which the following is typical :

Per cent.
Calcined Ore ..........cciiiiiiieiinnnenennneanaennn,s 31.4
Cupriferous pyrite ...........ciiiiiieinrnnnennennnns 8.7
Raw matte ...........citiiiiinint tinenenennenennnns 26.7
0 N 19.9
Coke Incharge .........iiiiiiiiiiiiinnnrnnnecnnnnnns 5.3 of total burden
Copper in matte ...........ciiiiiiinnnnrnenrnnnnnanns 53.5

The final average charge of all the furnaces, both first and second
stage, was now:

Calcined ore .......covvvecnnnnnns 28.89,

Cupriferous pyrite ............... 24.9%

Raw matte and flue dust.......... 14.7%

Fluxes ...........iieiiiinnnennns 17.3% v

SIBE « it i, 14.3% !
Coke in charge................... 5.2% of total burden

Copper in matte ............... .. 63.5%

Rate of runming..............o00. 8 tons per sq. ft. of furnace are per 24 hr.
Blast ......cciiiiiiiiiiiincenanns 281 oz.

It will be seen that a notable economy of coke had resulted. The
make-up of the charge on all furnaces was one that produced the
smoothest running. Long campaigns were the rule. The rate of
driving had increased. This was partly due to the increased blast
pressure and partly to its increased temperature.

During the attainment of these results I had been endeavoring to
secure some information respecting the necessary and minimum heat
requirements of a copper-smelting furnace and to ascertain the
minimum amount of pyrite that must be oxidized in a given time
in such a furnace to furnish the heat requirements. It was evident
that the amount of air required was necessarily more than that
which we are in the habit of calling the ‘theoretical’, meaning that
which would be required to furnish the amount of oxygen indicated
by the equation FeS, plus 50 equals FeO plus 2S0,, because that
reaction would cease when the tension of the SO, reached a degree
much inferior to that indicated by the equation. Finally I became
convinced that the calorific value of pyrite as a fuel was sufficient
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for its self-smelting; again I made attempts to run pyrite charges
without earbon fuel, but invariably failed because of the incredulity
of my staff who were firmly convinced from past failures that it
was impossible.

Finally, to convince those operating the furnaces and to induce
them to effect the required result of their own volition, it was de-
cided to order it to be done and forbid the use of any coke in the
charge except that needed for starting the furnace, it being under-
stood that if the furnaces froze up the general manager would hold
himself responsible, and that the crew could have the fun of dig-
ging them ont.

As a result it was quickly demonstrated that pyrite could be smelt-
ed without coke and monthly furnace runs with an average consump-
tion frequently of only 0.1% coke and lower, which coke was only re-
quired to start the furnace, became the practice with this charge:

Cupriferous pyrite ...........cccevveunn. 74.3%

Flue dust ..........ciiiiiiiiinnenananns 9.0%

Slag ..... et eaiieeeiet e eee e, 2.8%

Fluxes ........cciiiiiiiiniinrnnnnnnnens 13.9%

Coke in charge .............. e eeeeeen 0.32% of total burden

Copper in matte .............co0vvvuenns 26.8%

Rate of running ...............00ieeen 8.75 tons per sq. ft. furnace area

If it had been then convenient to convert this grade of matte
direct to blister copper the smelting might have easily stopped
there. The matte resulting from this charge was, however, all re-
smelted in a charge of the following composition :

Per cent.

Calcined Ore ......ovviitniinneraneenneennennennnass 8.8
Raw matte .........cciiieiiiiiiniiieeniennnnnennnnns 19.4
Cupriferous pyrite ..........cciiiiiiiiiiiieiinanianen 31.1
Flue dust ......ccciiiiiiiiiiiiinnneennenoanananennn, 6.4
11 - VAR 18.4
FlUuXes ...ttt ittt enteaneneonnnnnannns 16.9
Coke in charge ........ccvviiiiiniiieninniennennann. 4.3 of total burden
COPPETr 1N MALLE & .vnevneenriieenrreenneeneannannns 41.8

The average of all furnaces was:
Caleined ore ..........c.iiiiiiuiinennnnens 4.3%
Cupriferous pyrite ..........ccviviiinien.. 651.5%
Raw matte ............ciiiiiiiiiinrennnn. 10.6%
Flue dust ..........coiitiniiiiiiennannns 6.3%
£ - V- 11.9%
FluXes .......iciiiiiiineenenencencnsasnns 16.4%
Coke in charge ...........ccoivvnernnnnns 2.7% of total burden
Copper in matte ..............covviiiina.. 42.0%
Rate of running ............coviivinnnnen 8.83 tons per sq. ft. furnace area

Blast ......c ittt 32.2 oz.
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The smelting of pyrite to 27% matte had therefore been finally
carried out in blast-furnaces on a large scale without the aid of
coke. So far, attempts to carry it along, without the use of heated
blast, have failed. It will be noted that the furnaces run very
fast; that is apparently one of the conditions of success. The amount
of fuel used in heating the blast is equal to about 1 to 114 % coke.

It now having been fully demonstrated that the furnaces would
run without coke with a sulphide charge of the right composition,
efforts werc made to force the concentration so as to produce a
35% matte in the first stage and to convert this to blister copper
direct without the intervention of a second smelting stage, and to
smelt the fine sulphide direct without preliminary caleination and
bricking, which latter process is very expensive.

This object was achieved, but the one and only smelting stage
had then to clean the converter slags and work up all the fine
sulphide ore, the flue-dust and the furnace cleanings; therefore the
average furnace charge of sulphide ore became somewhat diluted to:

Per cent.

Cupriferous pyrite, including fine.......... 65.6%%

Flue dust ..........ccoiutiieinnennnnnnns 8.0%

Slag and furnace cleanings ................ 12.1%

Fluxes ......ciiuiiiiiiinininennnnnenannan 14.3%

Coke in charge ..........civiiiieinennenn, 1.8% of total burden

Copper in matte ..........cciiviiernnnnnns 33.7%

Rate of running ............. ... ... iut. 8.75 tons per sq. ft. furnace area

Though the furnaces would often run without coke, the slightly
heavier burden of inert material and lessened amount of sulphide
ore on the charge seems to necessitate the occasional use of a
triling amount of coke. However, the operation, being reduced
to one stage of smelting, is much simplified, and the lower grade
of the matte adds but little to the cost of the converting depart-
ment, and there is the advantage that the whole of the slag is dis-
carded at the lowest tenor of copper, and that the whole of the
fine sulphide ore is smelted without previous caleination and brick-
ing.

The two great difficulties in the practice of pyrite smelting are
the obstinate and rapidly forming accretions, tending to close up
the furnace, and the low-grade matte produced. In reviewing any
average of charges it is always seen that the consumption of coke
varies inversely as the percentage of sulphide ore. Broadly, the
addition of each 25% sulphide ore in the charge with hot blast is
equal to a reduction of about 25% coke. The calorific value of
carbon is a little more than four times that of FeS, burned to
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FeO and Su,, and yet it requires ten times more pyrite than coke to
keep up the smelting temperature in the blast-furnace. The fol-
lowing average results of large quantities smelted in several furnaces
will illustrate the relative practical values of pyrite and coke in
smelting :

Hor BrLAST.
Percentage of Percentage Percentage of
pyrite on charge. of coke. copper in matte.
24.9 5.2 53.5
32.1 5.1 52.4
45.7 3.4 46.3
51.5 2.7 42.0
58.5 2.3 59.6
743 0.3 26.8

The calorific value of one unit weight of carbon burning to ('O,
is 8.08 calories; that of a unit of pyrite, or FeS,, burning to FeO
and 280, I have calculated as 1.976 from a statement that has been
made by Schnabel* that the heat of combustion of FeS, oxidized to
Fe,0, and 280, is 2.253. This result appears to be high if that of
FeS to FeO and SO, is correctly given in the text-book, at 1.29 cal-
ories (113.6 calories per molecule).

Pyrite as fuel has disadvantages. Its sulphur burns in a frae-
tional manner or in three stages. On first heating, one-third
of the sulphur is lost and Fe,S, is left. On further heat-
ing, FeS is formed with the loss of one-sixth of the
original sulphur. The loss of one-third of the sulphur at a relatively
low temperature on the top of the charge is the cause of the ‘hot
top’ so troublesome in pyrite smelting. This sulphur burns on top
of the charge, and while it adds something to the temperature of
the freshly charged material it is not as efficient as if consumed
lower down in the furnace or in the smelting zone. One-sixth of
the sulphur is evolved between the period of the formation of the
Fe,S, high in the furnace and that of the matte, and must be con-
sumed at some point lower than the first third. The FeS is now
free to burn en bloc in the smelting zone. This long-drawn out and
fractional combustion while lowering the temperature of combus-
tion is also the cause of the troublesome scaffolding, the aceretions
formed to pieces and particles of the charge which, being exter-
nally semi-fused, build up from the side of a dense mass of unfused
material through which the blast cannot penetrate.

FeS is stated to have a heat of combustion of 1.29 calories, which is
equal to 0.95 calorie per unit weight of the original pyrite. If the

*Lehrbuch Allge. Huttenkunde, page 101,
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pyrite charge had only to depend upon the heat of combustion of
the FeS which results from the melting of pyrite, the practical
result (giveu above) that the oxidization of an amount of FeS equal
to 509 of the charge enables the smelting process to go on, by itself
so to speak, can be compared with coke in the following way: Five-
tenths nf a unit weight of FeS, burning as FeS at 0.95 calorie equals
0.475 calorie per unit weight of charge. This is equal to 0.059
carbon or 0.071 coke with 83% carbon; in other words, the FeS
component of pyrite consumed should, by a comparison of the re-
spective heats of combustion, be equal to 7.1% coke on the charge.
It would, therefore, appear from practice that the easily freed sul-
phur of the pyrite is not of much value as a smelting fuel.

The development of only a few years has revolutionized copper
smelting, reducing it to an almost absolutely automatie process in
which three agents are required; that is, cupriferous pyrite, flux,
and heated air. With a properly balanced supply of these three
agents, the oxidation and slagging off of the iron can be accom-
plished in two stages and with one continued heating, and in a
couple of hours the copper can be separated as blister copper from
cupriferous pyrite. The ancients could only have accomplished this,
either empirically or by accident. They did neither. The moderns
certainly should have been able to achieve it ere they did, because
the results of chemistry or physies, if properly applied, would long
ago have demonstrated the limits within which the process of
pyrite smelting was possible.

It has already been shown how successive increments in the
proportion of pyrite to the total smelting burden of a blast-furnace
were attended by a corresponding decrease in the quantity of coke
required as accessory fuel in the smelting process and at the same
time in the grade of matte produced.

The grade of matte obtained in the smelting of calcined pyritous
ores depends chiefly upon the amount of oxidized iron in the charge
or, conversely, upon the proportion of iron sulphide, that is, it is
determined by the amount of ‘solid’ oxygen in the charge or by
the proportion of ‘solid’ oxygen to sulphide. It depends also upon
the amount of gascous oxygen left over after the carbon of the
coke has been satisfied and, to some extent, upon the grade of ore;
but in the case now under discussion the influence last mentioned
may be neglected, beeause on an average it remained constant, and
we are not dealing with abnormal results.

It will be interesting to consider for a moment what the oxidation
by ‘solid’ oxygen means in practice. To burn an equivalent of
FeS to Fe,0, and SO, with the solid oxygen of Fe,0,, as in the old
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smelting and roasting processes, it is necessary to have ten equiva-
lents of Fe,0, to one of FeS,, or twenty of oxidized iron to one of sul-
phide iron.* It was impossible to arrive at this degree of oxidation
in a single heap-roasting, or in any economic reverberatory roast-
ing of lump or fine ore in one stage; it could only be achieved in
the slow oxidation of the burners at sulphuric acid works which
use the purer forms of pyrite. On account of this difficulty in
oxidizing so large a proportion of the iron of pyritous ores, the
old processes employed so many successive roastings and smeltings.

It is only very lately that the blast-furnace has been used as an
oxidizing furnace in its fullest sense, and I cannot doubt that if
metallurgists will deliberately set themselves the task of pushing the
use of the blast-furnace to its limits as an oxidizing method, they
will attain results very different from those to which they have
been accustomed ; then pyrite smelting in one stage. before convert-
ing to blister ecopper, will become general practice.

The results already given show the relation between the grade of
matte and the coke consumption. Grade of matte in such a case
represents in a general way both classes of oxidation, namely, by
solid oxygen as Fe,0, or gaseous in the air-blast.

The following table shows the relation of coke consumption and
vrade of matte in the case of cold blast. Monthly averages over
a long period were arranged in groups according to the grade
of matte produced from the same ore and with the same general
working conditions:

CoLp BLAST.
Copper in Coke to total Number of

matte. burden. months in
Ye % average.
227 7.6 9
28.5 8.2 12
33.0 8.65 1
37.7 8.7 S
41.9 9.2 17
53.0 10.2 8
65.2 15.1 3

It is important also to consider the relation between the sulphur
in the charge and the grade of matte produced and the coke con-
sumption; this can be seen in the following table of results, each
being the average of one month’s furnace work:

*Because FeS can only reduce Fe,0, to the magnetic oxide of iron, Fe,O,.
See Eng. & Min. Jour., Nov, 1, 1913.
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CoLp BLAST.

Sulphur in Copper in Coke of total
charge. matte. burden.
Yo %o %
24.5 20.1 6.8
22.8 19.3 71
19.5 24.6 8.6
17.0 26.4 7.7
13.6 414 10.2
1.7 60.9 16.3
6.8 69.4 15.7

When hot blast was first tried at Keswick it was quickly realized
that the ccke consumption could be cut down with jncrease of
furnace capacity and, though there were some defects in the design
of the hot-blast stove that caused the speedy destruction of the
front iron pipes, a better design entirely remedied this trouble.

A six months’ comparison of hot and cold blast brought out the

following results:
Coke to Copper in Tons smelted
burden. matte. per sq. ft. per

Yo Y% 24 hours.
Hot blast ... ......ccieiiiiiincncnnennenn 6.83 49.2 6.91
Cold blast ........cccvvieivirenccnnnannne 9.10 40.3 5.87

But to render the comparison complete the consumption of coke
with cold blast must be corrected to the same grade of matte made
by the hot blast. The coke consumption so corrected is 9.9%. The
actual saving with hot blast is therefore 3.07% of coke with 18%
inereased furnace capacity.

The hot blast brings with it an increased activity; that is one
of its merits. There is still another and even more important ad-
vantage ; with cold blast it was only on rare occasions that unroasted
ore could be carried on the charge to make 429 matte, while with
hot blast over 50% of the charge could consist of unroasted ore
to make the same grade. The attitude of metallurgists in this
country toward the use of hot blast in copper smelting is not on
the whoie cordial, because there have been some failures, perhaps
due to the defects in the design of the hot-blast stove, and in other
cases the saving of the coke may be unimportant ; but the advantages
under Keswick conditions were too apparent on its first trial to
allow of its aid being rejected.

It will be useful in this discussion to consider for a moment the
case of hot blast in iron smelting. Though in the latter case a much
greater economy can be shown than in copper smelting, yet the
cases are not chemically parallel. When Neilson conceived the
idea of hot blast he must have been guided by an instinctive feel-
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ing that higher temperature would mean increased furnace activity,
but he could not have foreseen all that happened. It is well known
that chemical reactions are promoted enormously by increased
temperature. Combustion proceeds so much more rapidly as the
temperature rises, up to a certain degree of course, which we do
not reach in practice, when the counter effects of dissociation are
felt. Any practical man would know this. When we come to
analyze the results obtained, we find that the most remarkable
economy of hot blast in iron smelting was not only that which was
the natural result of working at a greater speed due to a higher
temperature, but was traceable to another cause that had been un-
suspected.

In a case cited by Lowthian Bell{ the raising of the blast tempera-
ture from 25° C. to 485° C. resulted in the furnace running 214
times as fast, and this increased activity, which in itself is most im-
portant, was accompanied by a reduction of coke from 62.6 to 44.5
ewt. per ton of pig produced.

The cold blast required 111.18 and the hot blast 104.34 Calories}
per unit weight of pig. The difference of 6.84 Calories is not large
and would in itself not have been remarkable had that been the
whole story. The faster running due to the higher temperature
brought about an economy of only 2.77 Cal., due to the lesser effect
of losses by radiation, cooling water, etc., when running fast; and
that is about all the heat economy an examination of the analyzed
heat balance-sheet will show as the physical result of the increased
activity of the furnace due to hot blast. It was discovered, how-
ever, that one unit weight of coke, instecad of producing 2.73 Cal.
as it did if burned with eold blast, produced 3.66 Cal. with the hot
blast. Here was an enormous economy. The coke was required not
only for its physical effect in maintaining a working temperature,
but to produce CO to react with the ferric oxide to reduce it to
metallic iron, and under the conditions of cold blast the carbon was
oxidized in the proportion of 6.12 units of CO to one unit of CO,.
With heated blast, the ratio fell to 3.74 units of carbon as CO to
one unit as CO,. It is this much smaller ratio of CO to CO, (since
much improved) that accounts for the produection of 34% more
Calories per unit weight of the coke used in the case cited above,
of hot blast in iron smelting.

In our case the carbon, instead of playing a necessaryv role, is

{Journal of Society of Chemical Industry Vol. IX, p. 691.
$+The Calories used in this article are the big Calories usually spelled with
a big C.; that is, 1000 grams water raised 1° C.
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counter-active to pyrite smelting and must be kept out of the furnace
as much as possible. 1t is an expensive middleman, and for the
work it does in promoting production of temperature, exacts too
high a commission in the shape of the oxygen of the blast.

More recently, Gayley, working with iron furnaces, has demon-
strated, by large scale practice over long periods, that by drying
the blast an extraordinary economy is attained, namely, nearly 20%
of the coke consumption. One-third of this economy is explained
by J. W. Richards to be due to the more economical ratio of car-
bon monoxide to carbon dioxide, that is, 1.24 with dry blast in place
of 1.91 with moist blast. The immediate effects of a lower ratio
between carbon monoxide and the dioxide are an increase in heat
production with the same amount of coke, and a decrease in the
amount of ¢xygen and blast required, and the losses that the mois-
ture in this and the heating of the diluting nitrogen entails.

In the future smelting of cupriferous pyrite, carbon will play a
subservient part.

I will now review what was finally done at Keswick by keeping
coke off a pyrite charge and pre-heating the blast. All the ore, both
fine and coarse, was smelted direct in the blast-furnace instead of
four-fifths undergoing a preliminary outside roasting. For the
production of 34% matte the coke was reduced from 8.7 to O 1%
and the furnace capacity was largely increased.

It would have appeared paradoxical in the days before hot blast
was applied to iron smelting, to state that hot blast would result
in an economy of 309 of the fuel. because it was not then known
that the carbon ratio would be so favorable. In our case, we knew
beforehand that taking off carbon from the charge would promote
the oxidation of the pyrite by gaseous oxygen, and it was quite
reasonable to believe that carbon burned outside the furnace to
heat the blast would, by reason of the introduction of its heat
directly into the smelting zone with the blast, be productive of a
more economical and active result than by its introduetion at the
top of the furnace, where some portion of it is consumed before
reaching the actual seat of operations. It is for that reason we
found in our work, with partly calcined charges, that one unit
weight of earbon burned outside the smelting furnace to heat the
blast would replace three parts burned inside the furnace. In the
future. by suitable design, the heated gases issuing from the top of
the furnace will be made to heat the blast, and then, by forcing
the oxidation, a matte of high enough tenor for converting will be
produced in one operation without coke. In order to carry on this
operation without coke it is evident that there must be a certain
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amount of oxidation of the pyrite, and it will be my object now to
show in practical terms what is the import of this necessary and
minimum oxidation.

From practical results, I find that when the furnaces are running
without coke, the charge contains so much sulphur and so much
iron as sulphide, and of this_sulphur about 77.5 to 90% is elimi-
nated as SO,. The furnace also must run at a certain speed, say,
at the rate of 8 to 11 tons of total burden per square foot of hearth-
area per 24 hours.

In the self-smelting of pyrite there are two governing factors,
namely, amount of iron and sulphur oxidized per unit weight of
charge and the number of unit weights of charge smelted per unit
of time. I propose to examine these factors and to give them a
simple practical expression.

When pyrite is introduced into a smelting furnace, one-half of
the sulphur might be eliminated by the heat alone, and this sul-
phur might rise to the top of the furnace and there burn to SO,
with air drawn in below the hood. In practice, only a trifling
amount of sulphur escapes combustion there. Thus we could con-
vert the FeS, to FeS by the elimination of 50% of its sulphur, and
but a trifling amount of useful work would have been done toward
the concentrating of the ore into matte. It is only after 50% of
the sulphur has been eliminated and the iron, as well as the sulphur,
is burning, that the really useful work of concentration com-
mences. Let us assume a sulphur elimination of 90%. That would
mean an oxidation of 80% of the iron combined with the sulphur
in the form of pyrite. It is found in practice that a charge con-
taining 30 to 33% of its weight as sulphur, which sulphur is practi-
cally combined with iron as sulphide. will run without coke under
proper conditions of air-supply, ete.

The sulphur elimination will vary, of course, within certain not
very wide limits. If, with a charge containing 32% of sulphur as
sulphide, 90% be oxidized, then 0.288 of a unit weight of the furnace
charge will be eliminated as SO,, and there should be a correspond-
ing oxidation of 0.224 of iron which goes into the slag as FeO.
We can neglect the small amounts of magnetic oxide of iron in the
matte aud metallic iron in the slag. It is a difficult and complicated
matter to get a chemical control of the iron of the charge, part of
it being oxidized iron in the converter-slag and flue-dust, and there
will also be errors in the sampling of the several components of
furnace charge and products. To obtain an absolutely correect
balance sheet of the elements of the charge through all the opera.
tions is certainly not a simple task.
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In the case of an actual charge containing 31.62% sulphur that
was running satisfactorily without coke, it was found that 27.8%
was lost to the solid products, and presumably in the furnace gases,
as SO, . The iron was 33.25% of the charge, but 5.86 of this
amount was calculated from the analyses to be already oxidized,
leaving 27.39 as the sulphide iron principally as FeS,. The slag,
allowing for the 5.86 of iron already oxidized, accounts for an
oxidation of 21.8 of the iron per 100 of charge.

In almost every case examined there has been a fair agreement
between the sulphur and the iron oxidized, allowing for the
residuum of FeS that is left on the combustion of the FeS, which
combustion, of course, is not entirely completed in the blast-furnace.

In the self-smelting of pyrite it is found that from 0.23 to 0.27
sulphur per unit of charge must be eliminated as SO, in the furnace
gases and that from 0.19 to 0.25 iron must be oxidized in the furnace.
In a case of partial pyrite smelting the respective amounts of sul-
phur in the charge and oxidized were 0.23 and 0.17; this was not
sufficient for self-smelting and 4% coke was used as an auxiliary
fuel.

In the discussion of such technical processes, especially during
their early development, when complete scientific investigations are
wanting, we require some general practical expression of require-
ments and efficiencies; it is something to the practical man to have
these; to know, in short, that there is a working requirement of
sulphur and iron as sulphide on a charge, and that of this a certain
percentage must combine with the oxygen of the blast to furnish
the heat for the.process. I shall state the necessary sulphur eom- -
ponent of the charge as 30 to 33% or that one-third of the charge
must consist of sulphur with its corresponding amount of iron,
which latter for pyrite is about 28% of the charge.

It is necessary for self-smelting that of this necessary minimum
of sulphur, which naturally will vary within narrow limits under
different circumstances, about 80 to 90% should be oxidized. For
every pound of charge one-quarter pound of sulphur must be burned
to SO, and one-third of a pound of sulphur as metallic sulphides
should be put on the charge.

There are two other features of this smelting process that re-
quire attention and reflection: One, into which the element of
time enters, is the speed of smelting. This determines the total
heat production which must be sufficient after all the losses have
taken place (and these will not all vary in proportion with the
speed of the furnace) to discharge the matte and slag from the
furnace spout at a temperature, say, about 1250°C. so as to allow
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of their being handled in settlers, launders, ladles, ete. The speed
or rate of running of a furnace can be expressed by tons of charge
smelted per 24 hr. per sq. ft. of hearth-area. In my experience
in the self-smelting of pyrite from about 8 to 9 tons, running up to
11 tons on occasions, and not falling below 6.5 tons, are required.
A practical expression of necessary furnace speed is therefore about
8 to 9 tons. This is much higher than the usual practice with
coke-aided smelting, nine tons per 24 hr. per sq. ft. is close to
12.5 1b. per minute.

In one instance the respective amounts of iron and sulphur
oxidized per unit of charge were found to be 0.22 and 0.28; there-
fore the weight of iron and sulphur respectively being oxidized
per square foot of hearth-area per minute were:

12.5 multiplied by 0.22 equals 2.75 1b. iron
12.5 multiplied by 0.28 equals 3.50 1b. sulphur

The oxygen required for these quantities is:

2.75 multiplied by 24 equals 0.78 1b. oxygen
3.50 multiplied by 1 equals 3.50 1b. oxygen

Total ..........ccvunnn. 4.28 1b. oxygen

The furnace results, and I am eciting from an actual case, show
that 4.28 lb. oxygen were being taken to convert the sulphur to SO,
and the sulphide iron to FeO per minute per square foot of hearth-
area.

It is now time to consider how much air is required to furnish
this amount of oxygen, and it must be remembered that its efficieney
in burning sulphides is not 1009%. If pyrite burned according to
the equation 2FeS, plus 110 equals Fe,O, plus 4S0,. it should give
a gas containing 16% SO,, or, if the iron burned to FeO, a gas
containing 17.5% SO,. making no allowance for the trifling amounts
of SO, formed. T have repeatedly investigated this matter with
burners in acid works, with roasting and smelting furnaces and
converters, and in the laboratory: and I doubt very much whether
any such gas can be obtained.

When the SO, reached 12% of the furnace gases the combustion
of the sulphide ceases. As a result of these investigations and
from practical experience I believe that 709% is about the outside
efficieney of air in roasting or smelting pyrite, and I will adopt this
factor of efficieney for the present and caleulate the amount of air
required for the 2.75 lb. iron and 3.50 1b. sulphur oxidized per
min. per sq. ft. of hearth-area. One pound of oxygen is contained
in 55 cu. ft. air at 72° F. At an efficiency of 70% there was re-
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. . . 4.28%55
quired: for the above amounts of iron and sulphur: Y equal

to 336.3 cu. ft. air. Call this 350 cu. ft. of air per square foot of
hearth. A furnace of 44 sq. ft. in pyrite smelting will, under the
conditions of the example cited, require 44350 or 15,400 cu. ft. air
per minute. :

It has been shown in this article that for the self-smelting of
pyrite, a certain gquantity of iron and sulphur must be smelted per
unit of hearth-area, and that, because all the iron sulphide* on the
charge will not be oxidized, a certain excess, over and above the
quantity required for the heat production, must be contained in
the charge, and it is hoped that enough details and explanation
have been given to make it clear why the man who starts out to
smelt pyrite without providing a certain amount of air cannot ex-
pect to suceced in dispensing with coke or in attaining an economi-
cal degree of concentration.

The specific heats of pure substances and their latent heats of
fusion have been determined in some cases with extreme accuracy
and we use these values in our practice, but in our industrial practice
we are not often dealing with pure substances and a small amount
of impurity may cause important deviations in their physical prop-
erties. It is this application of an accurate physical determination
of a highly specialized case to the more or less impure bodies en-
countered in practice that we call theoretical. What are called
‘practical’ results have, generally, more interest for practical men
than those commonly termed ‘theoretical,” though the latter, used
in a proper manner, are useful in controlling and guiding our
practice; and the technician who studies the why and the wherefore
of practice gladly avails himself of the illumination and suggestion
of the so-called theory. There is no gainsaying practical results.
Economically they may be good or bad, but they are something
that really happens, and practice will long remain unbending be-
fore the most attractive theory. The examination of our practical
results by the oblique light of theory often brings details into re-
lief that may escape the sight when viewed in the dim perspective
incidental to our daily work. Standards of possible efficiency en-
courage the inventor to progress, and further, the control of practi-
cal results by the accurate data of science often serves to reveal
gross errors in our practical determinations and indicates the’
direction to that highest possible efficiency after which we are striv-

*This term is used to include both FeS, and the residuum of FeS left by
the partial oxidation of the former.
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ing. No excuse will be required for an attempt to examine the re-
sults obtained in practice by the light of science, remembering of
course that the physical constants we use are merely the nearest ap-
proach reached in each case by experiment, and apply to bodies in
a high state of purity.

How far is it possible, for instance, to study the comparative
calorific values of coke and of iron sulphides? It should be easy :
but it must be remembered that the endowed departments of science
have not yet determined for us all the physical constants we need
and use, and that we, in the haste of output. cannot determine for
ourselves.

There are certain fundamental data—such as the heat of com-
bustion of the iron sulphides, of sulphur, and of carbon—that we
can use to explain our practice of smelting and these are stated in
different kinds of calories or in British thermal units (B.t.u.)

The calorie (cal.) is often defined as that quantity of heat that is
required to raise one gram of water from 0° to 1° C.; but the thermo-
chemical equation eontains a universal definition that will be found
more usefui for our purposes. For example, the equation

C 4+ 0,=96,960 cal.
states that 12 parts by weight of carbon uniting with 32 parts by
weight of oxygen generate a quantity of heat that will raise 96,960
parts by weight of water from 0° to 1° C. These parts can be any
weight-unit—tons or grams, pounds or kilograms, ounces or hun-
dredweights—the only condition being that the weight-unit used
shall be the same on both sides of the equation.

The big calorie (Cal.) contains 1000 small calories (eal.).

The above equation is therefore often (in round numbers) written

C 4+ 0,=97 Cal.

The big Calorie (Cal.) is the one used in this article because it is
much more appropriate for technical purposes than the small one,
unless it may be for stating the specific heats of substances when,
because of the small quantities of heat involved, the small calorie is
less cwmbersome.

Per unit-weight
of sulphur.

(1) Fe 4 0=066.4 Cal ........oiiuiiiiiiiiiieiiieiiitinnnnans  tevanens

(2) FeS 4 30=113 Cal. ......cctvriiirerrrnnreonnnneeonnnnnns 3.55 Cal.
(3) FeS, 4 50=237.83 Cal. ......cooiiirrriiieirerniineennnns 3.70 «
(4) FeS 4+ 10Fe0,—_*86.2 Cal. ......ccoviiriniiiiiinnnnnnnsn -269 “
(B) S 4 O0/=T1 Cal. ....iiriiritiiirittnttiitennennannnas 2,22 ¢

*je. FeS 4 10Fe,0, = 17Fe,0, 4+ SO,
23.8 10 X 199.4 7 X 265.8 71 = -86.2
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Per unit-weight
of carbon.
(6) " C 4 O, /=96.1 ... i it i et e et 8.08 “
(7) Coke with 837 of carbon=— .........cccivirvrrenenurnrnn. 6.71 *

The number above given for FeS, is open to some doubt, but it is
the best available. By analogy with some other metallic sulphides
the heat value of the sulphur of the bisulphide should be less than
that of the monosulphide. By comparing the two iron sulphides on
the basis of the unit weight of sulphur, we find they do not differ
much and no great harm will be done if we adopt the value of 3.55
Cal. for both, for present practical purposes, until the value for
FeS, has been confirmed; and it is interesting to note that the
oxidation of ferrous sulphide by means of the solid oxygen* (as in
the time-honored case of the smelting of a mixture of sulphides and
roasted sulphides or what is the same thing in this sense, namely,
imperfectly roasted sulphide) by equation 4 absorbs 2.66 Cal. per
unit-weight of sulphur. From equations 2 and 6 we learn that one
part of sulphur combined with iron is calorifically equal to 0.44 part
of carbon or to 0.53 part of coke containing 83% carbon. Ilow
far is this relation approximated in practice?

In smelting mixed charges of pyrite and roasted pyrite with cold
blast the coke consumption varies with the same make-up of charge,
not because of variations in the composition of the charge, but ac-
cording to the condition of the furnace. With hot blast the
furnaces did not exhibit as much variation in this respect. To make
a comparison between coke and sulphur, it is necessary therefore to
obtain averages, by combining a large number of monthly furnace-
runs, in order to compensate for the variable outside influences which
appear to be working in one or other direction. In the following
table are given results obtained by averaging several monthly runs
in which the sulphur content of the charge was much the same for
a set; and I hope that in this manner the fuel relation that exists in
practice between the sulphur and the coke may be emphasized. All
the sulphur in the unroasted ore is calculated as FeS, and all that in
the roasted ore, slag, flue-dust, ete., as FeS. The sulphur combined
with the copper is considered in the same manner as if combined with
iron, and no inconvenience will be found to result from this as-
sumption because we are concerned with that portion of the sulphur
of the charge that becomes oxidized in the smelting process and not
with the whole amount, and it will be appreciated that this amount
consumed cannot be combined with the copper because that portion
must be left for the matte. The small amount of zine sulphide
present wili also not interfere with this method of examination of
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the fuel-eflect of the combined sulphur of our charge, because its
sulphur has the value of 3.57 Cal., which is about the same as that
of the sulphur of FeS. In the table the results are calculated to
unit-weights of sulphur and coke per 100 unit-weights of the actual
average charge. The grade of the matte is also given.

RELATION BETWEEN SULPHUR AND COKE, UsiNG CoLD BLAST.

8 in S in  Total sul- Cu in Furnace

FeS,% FeS,, % phur, %. Coke, % matte,%. months.
. 13.5 2.2 15.7 8.92 34.8 4
2 11.7 6.8 18.5 8.55 29.4 6
[ N 12.8 71 19.9 8.43 27.9 4
D tiiiineinnennnns 7.6 17.6 26.0 7.88 22.8 4

The replacement of roasted pyrite by the raw pyrite is attended
in the above practice by an increase in the total sulphur, a diminution
of coke, and a lower grade of matte. Of the total sulphur, 70% was
oxidized to SO,.

On comparing the extreme members of the table we find that one
unit-weight of sulphur oxidized replaced 0.159 part coke. From the
heats of combustion, it should have replaced 0.53 part coke contain-
ing 83% carbon if oxidized by reaction (2) and 0.4 coke if by
reaction (4). Comparing results A and C in the above table, we find
that a difference of one unit-weight of sulphur oxidized replaced
0.166 coke instead of 0.53 or 0.4 respectively, as indicated by theory.
Comparing A and B, which are rather close together, we find that
one unit of sulphur replaced 0.188 part coke. Here are practical re-
sults of great uniformity, as such evidence goes, in the fuel relation
between the sulphur and coke. It must not be forgotten that the
grade of the matte is progressively varying in the above tabulated
results, and also that some of the oxidation of the sulphide was
taking place by means of the reaction between the ferric oxide of
the roasted ore and the sulphide which in equation 4 equals 2.66
Cal. per unit-weight of sulphur or 0.4 coke containing 83% carbon.
Of course the unit-weight of sulphur in question was producing heat
in the furnace equal to 0.53 or 0.4 coke, according to whether it was
oxidized by solid or gaseous oxygen, but it did not replace the
amount of carbon it should have done. Only an examination of a
thermal balance sheet would reveal why it did not do so, and it
may be that by nursing the coke when the increased amounts of
pyrite were put on the charge, less coke might have been used, and
it may be that other metallurgists using cold blast may find a more
favorable practical relation between the sulphur and the coke in the

*Oxygen chemically combined.
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case of mixed charges if their attention is called to the facts above
cited. .

I will now give a similar fuel comparison between sulphur and
coke in the case of warm blast. A recent writer on this subject has
suggested that it would be more appropriate to call our heated blast
warm rather than hot, and there is the more reason for agreeing
with him because it does seem that a moderate heating of the blast
serves all that is needed of it and that there is no need to use the
high temperature employed in iron smelting and obtained with brick
stoves. In the following table are given the results obtained with
warm blast with three furnaces similar in design and operation. Each
result is the average of six months’ work with the same furnace.
The three furnaces were working under the same conditions and ex-
hibited much greater regularity in respect to coke consumption day
by day than was shown by the same furnaces when previously
working under cold blast.

RELATION BETWEEN SULPHUR AND COKE, USING WARM BLAST.

Rate of
Sulphur Sin Total Matte, smelting:
in FeS, FeS,, sulphur, Coke, Cu, Blast, Tons per sq.
% Y% P % % 0z. ft.per 24 hr.
E ..... 5.51 15.16 20.67 4.0 31.0 28.4 8.568
F ..... 7.20 12.60 19.80 45 31.6 28.6 8.41
G .....7.15 11.30 18.46 4.8 31.4 28.4 8.47

It will be noticed that, as in the case of cold blast, the coke
consumption diminishes with addition of sulphur to the charge.
Special attention was given to the coke consumption to reduce it
to a minimum. The furnaces ran with great regularity and very
fast, as will be seen from the average rate of smelting. It is
calculated that 71% of the sulphur was oxidized to SO,. On com-
paring the extremes, it is found that a difference of one unit-weight
of sulphur oxidized is equal to a difference of 0.508 coke. This
is certainly a surprising result, in contrast to those obtained with
cold blast. These relations, which were not discovered at the time,
serve to illustrate the value of warm blast, which, by increasing
the temperature in the smelting zone, insures more active and
regular smelting of the charge.

The above results also enable us to calculate the vanishing point
of carbonaceous fuel on a pyrite charge. How much additional
sulpbur should replace the 4% coke used when 20.67 units of sul-
phur existed in 100 units of charge and 14.67 units of sulphur
were oxidized, or how much sulphur must be oxidized per 100 of
charge to enable the coke to be entirely eliminated. From the

678919
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extremes in the above table, we calculate that an additional 7.87
units of sulphur oxidized would, if the same relation between sul-
phur and coke continued, be sufficient to replace all the coke
That is, other things being equal, 14.67 4 7.87 or 22.54 of sulphur
oxidized per 100 units of charge should enable the charge to be
self-smelting. This is precisely what was later found to be pos.
sible, and often the furnaces ran with just that amount of oxida-
tion. Tt is better, of course, to have more, say 25 units of sulphur
per 100 of charge.

In setting forth furnace results for such a discussion as this, I
find it convenient to have the average charge stated and not the
official charge, which is varied from time to time; it is also cum-
bersome for the purpose of calculations and comparisons to have
the charge stated, as it often is, in some odd number of pounds
as it is given to the weighers, the foreman taking off or adding
on a few pounds of the different constituents of the charge from
time to time according to the working of the furnace and the class
of materiai used, and the men perhaps using more coke than is
accounted for on the charge-sheets—for is not the coke-pile handy?

Having shown the relation between carbon and sulphur as fuels
in copper blast-furnace practice, I would like to draw attention
to the thermo-chemical aspects of the cases cited, believing that
such evidence as exists, even if but approximate in some of its
details, will be instructive. Again I must refer to iron smelting
in blast-furnaces because it has been extensively studied for many
vears by highly competent observers and the heat balance-sheets
prepared by them may serve as a model for those who desire to
emulate an admirable example, but in so doing I want to empha-
size the fact that the two operations of iron smelting and pyrite
smelting are chemically opposite processes, though similar in their
main physical features. The first is a reducing process, the iron
oxide being reduced to metal by the agency of carbon monoxide.
And the carbon is not merely the only available fuel for the phys-
ical effects of smelting, etc., but it is necessary for the chemical
work of the furnace. In the smelting of pyrite, on the contrary,
we require to oxidize and not to reduce, and carbon, however
useful it may be in raising temperature, remains counter-active to
the chemical requirements of the problem.

For centuries copper metallurgists have been groping with the
irrational use of earbon as a fuel, allowing it to impede the work
of roasting by its reducing action and counter-active effect on the
required oxidation. There is no doubt that by high development
of the mufile principle, much of this counter-active effect might
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have been avoided in the reverberatory work in the old practice
of smelting sulphide ores after preliminary oxidation. We have
learned that sulphur will replace coke, as imagined and almost
demonstrated by Hollway, whose method of first melting the sul-
phide in a cupola with coke and then converting it in a bessemer
converter is precisely what we now practice with success, with
the additional advantage that by promoting the oxidation and
performing the first melting without carbonaceous fuel or its mini-
mum, we combine two highly economical pneumatic processes and
conduet hoth by the heat of combustion of the iron sulphides with-
out the counter-active influence of carbon.

It is usual to state iron furnace results per unit-weight of pig
iron. For the purpose of illustration, I have taken a case from
James Gayley’s practice as studied by Joseph W. Richards (Trans.
Amer. Inst. Min. Eng., p. 703, July 1905), and have arranged his
figures according to a unit-weight of charge and not according
to the weight of the valuable product produced by the furnace.
I also use the big Calorie in preference to the small one.

IRON BLAST-FURNACE PRACTICE, WITH MOIST AIR.

Calories per
unit-weight
Heat distribution. of charge.
Reduction Fe;0; ....iiiiiiiiiiniieeeraneneieeonannnssns 0.738
Reduction Si0; ......c.ciiiiiiiiiiiiinnreneneneneanans 0.030
Expulsion of CO, from limestone........................ 0.081
Decomposition of waterin blast......................... 0.065
Evaporation of moisture in charge...................... 0.051
Heatinpigiron .......cociiiiiiiiiiiiiiiiiiinenn.. . 0.112
Heat fn BlAZ ... ...cviiiiiiiiiitiitiiienrirennecnnneonns 0.105
Heat in escaping 2a8es ........ccvviiiitiiennrniacecnnes 0.198
Radiation, etc., and undetermined ...................... 0.348
b 17 1.728
HEAT DEVELOPED.

[ o2 7+ 3 . 0 XSS 0.591
Lo 7 3K 6L 0 TS 0.959
Heat in blast .......oiitiiiririerienenenanonnsennnnnns 0.178
TOUAL . oivriieeenennrroneeeonseosssonesncsannsnnns 1.728

By studying such a table of results we can cultivate our sense
of proportion and realize at a glance what particular items cause
the largest heat expenditures; we can also learn to distinguish
those factors in which improvement is possible from those that
are, like the reduction of the ferric oxide, inevitable to the process.
We see how much heat is lost in eseaping gases and in the molten
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iron and slag. In order to contrast this practice with pyrite smelt-
ing without coke, I have prepared the following table in order to
show to what extent the two processes resemble or differ from

each other.
TABLE A—PER POUND WEIGHT OF CHARGE

Iron Copper py-
blast furnace. rite smelting.
Air used, volume ...........ceiieriienanans 26.4 cu. ft. 33.00 cu. ft.
Air used, weight .............ccociiiiiiiat, 1.9 1b. 2.43 1b.
Slag produced .......... .ottt 0.26 “ 0.55 *
Pig produced ...........ciitiiiiiiiiiiiiiaans 0.45 cenn
Matte produced ...........ciiiiiiiiiiiiieenn Ceee 0.23
Charge smelted per square foot of hearth-area
perminute ........ ... i ittt 8.7 125 ¢
Blast-pressure per square inch ................ 150 “ 20
Height of ore-column .............covvenunnns 70.0 ft. 6.0 ft.
Temperature of escaping gases .............. 230°C. 800°C.
(estimated)
Calories per unit-weight of charge developed or
expended ...........ciiiiiiiiieiitieeienan. 1.728 1.082
Critical working temperature ................ 1,610°C. 1,250°C.
(estimated)
Temperature of blast ........................ 382°C. 222°C.

In contrasting the two processes we notice that the copper fur-
nace takes more air, but at a much lower pressure, the last because
the height of ore-column is so much less. The slag in pyrite smelt-
ing is more than double the other, but the matte is in weight but
one-half as much as the pig produced by the iron furnace. The
copper furnace drives about 509, faster. The temperature of the
escaping gases is unfortunately very much higher in the copper
furnace because of the low ore-column, the faster driving, and the
uncomfortable fractional combustion of the sulphur of the pyrite.
The temperature of the escaping slag and metal is higher in the
iron furnace because of the high temperature of fusion cast iron,
as compared to that of copper matte. The temperature of the in-
going blast is much higher in iron smelting and the total heat
required is greater, because of the large amount of endo-thermie
chemical work to be performed. The numbers given in Table A
will serve for the preparation of a heat balance-sheet for pyrite
smelting, per unit-weight of charge. The important items are as
follows:

Heat in Escaping Gases.—The temperature of these was not de-
termined, but estimated. from the color of the heated particles of
flue-dust on the top of the furnace, at 800°C. It is an unfortunate
feature of pyrite smelting that the furnace-top is so hot, because,
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as explained in a previous article, the sulphur of the charge burns
in a fractional manner and partly toward the top of the furnace.
The temperature of the gases being high enough to agglomerate
some of the flue-dust, this, in falling back to the sides of the furnace
helps in building the accretions which form the scaffold, the clos-
ing up of which eventually causes the shutting down of the fur-
nace. The specific heat of the gases is calculated for a gas of the
following composition :

SO, ittt ittt ittt 0.100
L PPN 0.058
N iitiiiitniireseecnesosoeensasssanasases 0.842

Total ....covviviinrninnonencnrnensans 1.000

On an average, it is probable that the percentage of SO, in the
furnace gases Would be less than 10%. Allowance has been made
for the generally neglected increase of specific heat at increasing
temperatures. The mean specific heat of a gas of the above com-
position was found to be 0.392 at 800°C. or 0.00049 Cal. per unit-
weight of charge per 1° Centigrade. |

Heat in 8lags.—This has been calculated for a temperature (esti-
mated) of 1250°C. The specific heat of the slag was found to be
0.00016 Cal. per 1°C. (between 0° and 100°). The increase in the
mean specific heat was assumed to be 0.07% for each degree and
the latent heat of fusion given by Voigt for 2 (FeO) SiQ,, namely,
0.085 Cal., was taken. The total heat in the slag at a temperature
of 1250°C. was thus calculated to be 0.46 Cal. per unit-weight of
slag: 0.55 X 0.46 = 0.253 Cal.

Heat in Matte.—The specific heat of this between zero and 100°C.
was found to be 0.00016 Cal. The mean increase with increased
temperature is estimated at 0.000064 per degree. The latent heat
of fusion was calculated for a mixture of 14 Cu,S and 24 FeS by
the empirical rule. In that manner the total heat in the matte was
calculated to be 0.33 Cal. per unit-weight of matte for the estimated
1250°C. or per unit-weight of charge; 0.23 X 0.33 =0.076 Calorie.

Heat in Cooling Water.—This was determined and found to vary
between 0.06 to 0.13 Cal. per unit-weight of charge, according to
thickness of crust and rate of running of furnace. The mean loss.
namely, 0.095 Cal,, is taken.

The Heat in the Moisture of the Charge.—The average moisture
was 3.5% and this is consequently 0.035 by 0.6 Cal. or 0.021 Cal. per
unit of charge.

The decomposition of the limestone is 0.04 X 0.451, or 0.018 (Cal.
per unit of charge.
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The decomposition of water (moisture) in the blast is calculated
for ordinary atmospheric conditions.

Some allowance for loss of heat by radiation is necessary.

For the heat developed at the rate of 0.25 unit-weight of sulphur
oxidized and adopting the heat of combustion of FeS, namely 3.55
Cal. per unit-weight of sulphur, we have,

0.25 X 3.55=0.89 Cal.

The heat of combination of 2(FeO) and Si0,. I do not know.
That of FeO plus SiO, as given by Prof. J. W. Richards (‘Met-
allurgical Calculations’—FElectro-Chemical and Metallurgical Industry,
March, 1905) is 0.189 Cal. per unit of Fe. For the slag in question,
which approximates 2(FeO) SiO,, 60% of the above value has
been taken.

0.189 X 0.6 X 0.22=10.025 Cal. ,

Heat in the Blast.—This is 0.303 (222°) + 0.000027 (222°)2 X
2.43 —+ 1000, to reduce to big Calories, = (.167 Cal.

These calculations are made, as is usual, from a temperature base-
line of 0°C., and I have added the equivalent percentage-weight of
coke that would furnish the amounts of heat in question.

A summary of these items gives per unit-weight of charge:

Coke equivalent 7
Calories X 100
Heat expenditure. Calories. 6.71
Escaping gases ............cccveiieinnrninacnnn 0.392 5.84
Heat In slag ...... ... . .o i, 0.253 3.17
Heat in matte .............cccitiiiernenannannns 0.076 1.13
Heat in cooling water .................cvvunnn 0.095 1.40
Evaporation of moisture in the charge .......... 0.021 0.31
Decomposition of limestone .................... 0.018 0.27
Decomposition of water in blast ................ 0.073 1.09
Radiation and difference ...................... 0.154 2.30
B 0] 7 1.082 16.11
Heat developed.
Combustion of sulphides ....................... 0.890 13.26
Combination of FeO and Si0, .................. 0.025 0.37
Heat in blast .........ccoiiiiiiiniiiineninnenns 0.167 2.48
TOtAl . .ivereiiiniierireerernenenncanananns 1.082 16.11

We see that the heat in the blast is only about 40% of the heat
in the escaping gases. A hot-blast stove heated by these escaping
gases should easily furnish the temperature required, but it would
have to be so arranged as not to impede the escape of the gases to
the stack or interfere with the operation of the furnace. It is
obvious that the slag produced rises or falls with the oxidation of
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the iron sulphide and the effect of changes in these particulars can
readily be estimated.

On first 1nvestigating the heat expenditure by inferential methods
I was inclined to believe that the work of a pyrite furnace could be
carried on with less than the above amount of heat. I had not
allowed enough for the hot top, so persistent and annoying with
all pyrite charges.

To give the vaiues of the segregated items of heat-expenditure
a form entirely practical, I have annexed to each the equivalent
percentage weight of coke of 83% carbon burned to carbonic acid
that would produce the amount of heat in question. This is ob-
tained by dividing the calories per unit-weight of charge by 6.71,
which is the calorific value of the coke (see equation 7)., and multi-
plying by 100 to bring the result to a percentage.

The fundamental principles of thermo-chemistry, such as the
conservation of matter and energy, are like those of other estab-
lished sciences, beyond cavil. Certain numerical data, such as the
specific heat of a substance, may be open to a little doubt, but this
doubt rests generally within small limits that can be neglected
in practice.

The heat in the cooling water takes an amount of heat equal to
a fuel consumption of about 1.5% coke. The loss of heat in the
escaping gases is serious, but even if it could be reduced one-half
by discharging them at a temperature a little above that of the iron
blast-furnace with its 70 ft. of ore-column, the loss of heat in that
manner would equal about 2% coke. These heat-losses are inevita-
ble. A furnace making much slag loses proportionately more heat.
A study of the heat-losses of a furnace is instructive, since it is
possible to calculate fairly closely what they may be for any case.
To follow this path of inquiry a little further, we may ask what
would be the heat requirement in terms of coke (83% carbon) for
a charge consisting only of slag. This is the simplest case we can
imagine. The chemical work is nothing and we have only to do
with physical properties.

In the iron furnace the radiation losses are generally included
with the ‘difference’ or ‘undetermined.’

The heat in the cooling water may be equal to 2% coke.

That lost by radiation is perhaps as much. The heat in the
escaping gases will hardly be much less than 4% coke. The simple
heat in the melted slag will require about 6% coke. Thus, in order
to melt a nevtral substance like dry slag in a water-jacket furnace,
an amount of heat will be required in terms of coke percentage, thus:
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Heat In 8lag . ..cvitiiiiiitiiiiiiteeitteiienneeeneeonsoeneesssanaeennnn 6.0
Heat in cooling water ........cciiiiiiiiieieerenennennentonenasnonnsnns 2.2
Heat radiated .........0ciiiiiiiiiiiiiiineeiteneneeeeeecnoneannnnnnens 1.5
Heat in decomposing water of bIASt . .......ovvenenenrnenrnrneeeeeenenns 1.0
Heat 1n eScaping BB8E8 . .....covviiiiiiiinroternencenrnennsoeeanenenens 4.0

TOtB] ..t iiietiie ittt iitenenenesseesessesesoneeonesonennnecnnenn 14.7

According to the accepted heat of combustion of Fe§, this amount
of heat is equal to the combustion of 27.5% of the charge as sul-
phur. (The higher amount of sulphur in this case over that of
pyrite is because one unit-weight of slag is produced per unit-
weight of charge. ,

The metallurgist has to face the facts, and no amount of ingenuity
on his part will enable him to produce matter and energy from
nothing. There will be a minimum heat-expenditure, below which
he will not be able to go in any particular operation. His concern
is not to exceed this irreducible minimum.

It has been shown in these articles that the smelting of pyrite has
been carried on without coke with warmed blast when the sulphur
oxidized equalled from 23 to 25% by weight of the charge, and alsc
that the heat of combustion of the oxidized sulphur supplemented
by a small addition to the temperature of the blast, accounted for
the necessary losses of heat from the furnace. It has been further
shown that with warmed biast and when the amount of sulphur
oxidized was from 13.1 to 14.9% of the charge and a small percentage
of coke was employed, the fuel-relation between sulphur and coke
approximated that indicated by theory; and also that the vanishing
point of coke on the charge with additional sulphur oxidized, agreed
with that calculated from the relation discovered in practice and
very closely with that suggested by theory.

Thus, as regards quantity of heat, theoretical considerations con-
firm and explain the practical results. There still remains®*another
point of view, and that is the degree of lemperalure as apart from
quantity of heat. For example, we may have an infinite supply of
heat at a temperature one degree lower than that of the point of
fusion of copper matte and never be able to melt it. This point of
view of temperature suggests two important questions; what is the
working temperature of a copper-matting furnace? and what is
the temperature of combustion of the iron sulphide?

The working temperature must be higher than that at which the
matte and its accompanying slag solidify. The point of fusion of
copper matte is ahout 1180°C.. and that of the accompanying slag
1100°C!. The working temperature must therefore be higher than
11807°C.; T have judged it to be 1250°C.



RECENT COPPER SMELTING 107

Now we have to determine the temperature of combustion of the
iron sulphide. Pyrite does not burn homogeneously, and we are
therefore not concerned with its temperature of combustion, but
with that of the residual iron sulphide (FeS) left on the heating
of the pyrite. (It may be that the iron sulphide in question may
be not precisely of the exact formula, FeS, but much more complex,
though closely approximating to such formula, that moot point will
not affect this technical discussion.)

To calculate the temperature of combustion of FeS burning in
air, we must know what excess of air is employed. I have already
shown that an excess is required. Analyses of the furnace gases
taken from the immediate top of the furnace charge and in such a
manner that no air from above the top of the charge could con-
taminate the samples, gave from 5 to 10% of SO,. Calculation
shows that FeS burning to FeO and SO, in 50% excess of air would
give a gas of the following composition: 9.7% S0,, 74% O,, and
82.99% N,. The temperature of such a gas would be raised by the
heat of combustion of sulphur (heat equation No. 2) from 0° to
1319°C. With 100% excess of air, the gases would consist of:
7.24% S0,, 10.7% O,, and 82% N,, and their temperature would be
1032° Centigrade.

It will be apparent that with a range of air-excess such as is re-
vealed by the composition of the furnace-gases, the temperature of
combustion of the iron mono-sulphide is likely either to be below
the melting point of the copper-matte or dangerously near it, and
there need be no surprise if our attempts to smelt pyrite without
coke and with cold blast failed. The temperature of combustion
of the iron sulphide can easily be supplemented by raising the
temperature of the blast or by using some coke; but the latter will
have a counter-active effect upon the oxidation of the pyrite and
this we desire to avoid.

Thus the use of warm blast is a logical sequence of a theoretical
examination of the heat and the other reactions involved ; and these
in their turn explain our practical experience that, without coke
and with cold blast, pyrite is not self-smelting.
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THE PROBLEM OF FINES
(Editorial, Oct. 5, 1912.)

The treatment of finely divided material offers one of the greatest
problems in metallurgical work. In ore dressing the smallest parti-
cles offer the greatest resistence to separatory processes, and in
cyaniding the fine material for a long time, and even at present to a
certain extent, presents great difficulties in filtering and washing,
while the colloids, those curious denizens of the border land between
solid and liquid, have only recently been rendered amenable to
treatment. In the smelting of iron and copper ores the use of large
quantities of finely divided ore in the blast-furnace is a vexing
problem to the metallurgist, a problem that persists to the end of
metallurgical work, for the gases escaping from the stack carry
with them fine solid particles that are both a source of loss to the
smelter and of annoyance to its neighbors.

It is, however, to the handling of fine ore in smelting operations
that we propose to confine ourselves, referring more particularly to
the smelting of copper ores. Fines have always been a problem in
this work, and even in the days of the heap-roasting of lump ores
the disposal of the small amount of fine ore unavoidably produced
in mining was a source of worry to the metallurgist. The early
conditioins now seem almost like an iridescent dream to the many
operators who are compelled to handle concentrate alone, or with
but a small proportion of lump ore. A large and increasing part
of the output of copper is derived from finely disseminated low-
grade sulphide ore which must first be subjected to mechanical
concentration. Smelting concentrate, practically all smaller than
L4 inch in diameter, and unmixed with lump ore, is an irritating
problem. The Gordian knot ean be quite simply cut by roasting the
concentrate and smelting the calcine in reverberatory furnaces, but
only at a high working cost. At a plant where coke costs $10 per
ton the sulphur in concentrate containing 509 of pyrite is worth
$2.50 per ton as a source of heat in smelting operations, and to be
obliged to roast it off at a cost of about 30 cents per ton is heart-
rending. Iu addition, the smelting cost per ton is higher in rever-
beratory work, though recent advance in the use of liquid fuel has
inereased the tonnage smelted and lowered costs. Progress in the
use of gascous fuel is of the negative order, for at the one copper
smelter 1n this country where it has been in use, the Great Falls
plant of the Anaconda Copper Mining Company, the use of gas
producers will be abandoned in the new construction now under
way, and grate firing substituted. In this case the high ash of the
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coal used and the dust from the charge gave trouble in the regenera-
tive checkerwork, another instance of the fines problem.

For handling fine ore in smelting, a great variety of ingenious
methods have been devised. Since sulphides are readily fusible it
would perhaps seem simplest to melt them and allow them to con-
solidate on cooling. Like most simple suggestions, this is impracti-
cable. Melting and cooling sulphides, while retaining their sulphur
content, offers annoying mechanical problems and can only be done
at a prohibitive cost. But to fuse the fine ore to such a degree that
it coheres sufficiently to act like lump ore in the blast-furnace is
more practicable, and is the line upon which the most recent and
satisfactory progress has been made. In this work the problems are
essentially analogous to those of coke-making. The mixture must
be fused sufficiently to make it cohere strongly enough so that it will
not break up too much in handling nor erush under the weight of
the burden in the blast-furnace. The resulting produect should be
porous in order to aid the penetration of the blast and to facilitate
the reactions of smelting. The complexity of this single group of
problems is too little realized. In coking, the components present
vary in degree but not in kind, yet the most careful study of the
mixture of coal and water fed to the ovens is required to procure a
satisfactory product. In smelting, the components vary in kind as
well as in degree, and the amount of study of each particular case
thus required is correspondingly greater. It is not remarkable,
therefore, that the attempt to use such methods has often been
abandoned after a short period of unsuccessful experimentation.
Smelting differs radically from other kinds of chemical engineering
work in that it is essentially variable in its character. A variety
of different products must be utilized, and their relative proportions
vary from week to week because of conditions not under the
metallurgists’ control, and methods which would be adequate to
solve a constant problem may fail utterly before a variable one.
This is the fundamental problem in the use of agglomerative methods
for handling fines, and both in sintering on grates and in pots the
securing of a mixture which shall be uniform throughout, both in a
single operation and during the day’s work, is one of the criteria of
success.

In the treatment of lead ores agglomeration by fusing in pots
and on grates is carried out with marked success and has reached a
higher stage of development than the agglomeration of copper ores.
The conditions to be met differ with the two methods. With lead
ores the endeaver is to eliminate sulphur, and the ore is commonly
subjected to a light roast before sintering in pots, while with copper
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ores the sulphur should be preserved to as large an extent as possi-
ble. The hot zone of oxidation that passes through the mass to be
sintered is easily controlled if a relatively small quantity of sulphur
is present and can be allowed to oxidize nearly completely, but is
rebellious where there is present a large percentage of sulphur, only
a part of which can be allowed to oxidize. But this problem is
essentially similar to that in coking, where excessive fusing is
checked by the addition of a suitable amount of moisture, and it
may eventually prove that the sintering of fine copper sulphides on
grates is more easy to perform than has been supposed. The sinter-
ing of flue-dust, with or without a small quantity of coke dust,
is now successfully done both at the Pittsmont and Mason Valley
copper smelters, and the sintering of fine ore may follow as the
next step in development.

Disposal of fine sulphides by adding them to the converter charge
has often been proposed, but has not attained any marked success.
Aside from the difficulties it gives rise to, it is evident that it can-
not offer any universal solution of the problem, since the larger pro-
portion of the ore must be otherwise treated,in order to produce
the matte for converting. Briquetting in its various forms is as old
as the industry itself, and has been a continuous source of vexation.
Under certain conditions it may be applied with marked success, as
at Anaconda, but the hope of escape from its annoyances is a con-
stant lure to the metallurgist, and there is little hope of satisfactory
progress in the improvement of briquetting. Special methods serve
to meet special conditions, especially where labor is cheap; thus
flue-dust is mixed with converter slag at Cananea, and the nodulizing
method recently deseribed in these columns is satisfactory at
Shisaka, in Japan, but everywhere the hope of devising a more
satisfactory method is a potent force making for progress.
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SINTERING SULPHIDE ORES AT HIGH ALTITUDES
By R. L. LrLoyp
(June 14, 1913.)

The results obtained by the Dwight & Lloyd sintering machines
installed at the Cerro de Pasco smelter in Peru, at an altitude of
14,000 ft. above sea-level, have shown that sintering by this method
at high altitudes is confronted by no more serious problems than
are experienced in blast-furnace smelting at the same altitudes.

At such altitudes as 14,000 ft. there is always some difficulty in
kindling a fire of any kind, and any burning material tends to go
out if the conditions most favorable to combustion are not main-
tained. As was to be expected therefore, a sinter bed is not quite
as readily ignited at Cerro de Pasco as at lower altitudes, but no
serious difficulty was experienced in this regard; the ignition flame
was simply made a little more intense, a condition readily attained
with the crude-oil burner that was used. The ore charges treated
were in all respects similar to the copper charges treated elsewhere,
exccpt that the sulphur content was higher than usual (25%). With
such a sulphur tenor, considerable difficulty is generally experienced
at lower altitudes, on account of the excess of the heat of combustion
of the charge, but at an altitude of 14,000 ft. no difficulty at all
was met. This was probably because of a tendency toward slower
combustion, it being remembered that a cubic foot of air at 14,000
ft. contains only about 60% of the oxygen that a cubic foot of air
contains at sea-level.

As is well known, sulphur is sometimes produced while sintering,
and is carried through the fan with the gases as flowers of sulphur.
At lower altitudes, if the exhaust gases are quite hot, the sulphur
sometimes tends to collect in the fan, and if not cleaned out at
regular intervals may take fire. No such difficulty was experienced
at Cerro de Pasco, and although the sulphur appeared in the fan and
was cleaned out at regular intervals, there never seemed to be any
tendency to take fire, probably becaunse of the low oxygen tenor
of the atmosphere. No attempt was made at Cerro de Pasco to
find the low sulphur limit for sintering, as the problem was to work
the highest sulphur charges possible, and while it was proved that
25% was an entirely feasible charge at that place, it is not yet
proved to be the maximum permissible.

The speed of sintering was rather surprising, and seemed to be
almost if not quite equal to that at lower altitudes. This I take to
be, partly at least, due to the large amount of sulphur driven off in
the elemental state, as the ore contained much pyrite. It is hard to
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get an exact comparison of speed, however, as no such high sulphur
charges are being worked elsewhere by this method. The power
consumption per ton sintered was practically no greater than that
-used at ordinary altitudes, and the ordinary vacuum of 4 to 6 oz.
per square inch was found to be entirely satisfactory.

Sintering by the Dwight & Lloyd system had been previously
tried at Cerro de Pasco, in a plant erected in 1907 under an arrange-
ment with the patentees, but designed independently. The plant
was of the intermittent ‘pan’ type and, proving unsatisfactory, was
eventually abandoned. The cause for this failure is entirely clear
when the mechanical difficulties of properly placing a sinter bed on
an apparatus of the pan type, and of re-establishing the best work-
ing conditions for every batch are realized. Such difficulties do not
exist while practising the continuous system of sintering as is now
satisfactorily employved at Cerro de Pasco and many other places.
Steps have been taken to enlarge the existing plant at Cerro as
rapidly as possible, so as not only to eliminate fine ore troubles,
but also to get the great increase in smelting speed which invariably
follows the addition of sintered material to the charge.

COPPER SMELTING IN THE ELECTRIC FURNACE

By Dorsey A. Lyo~x and RoBert M. KEENEY

*In presenting this paper the writers wish to call attention first
of all to the fact that the electric furnace was not developed as a
competitor of the combustion furnace, but:

1. For the purpose of doing high-temperature work which it is
not possible to do in the combustion furnace; and

2. For the treatment of ores in regions where fuel is scarce and
costly, and where hydro-electric power is comparatively cheap, as
is the case in Chile, Canada, in certain parts of this country, and
Mexico. This paper is not presented with the idea of trying to
prove that the eclectric furnace should replace the reverberatory
or the blast-furnace as used at present in the smelting of copper
ores, but that it may be substituted under conditions which are
not favorable to them, and where either of the two following con-
ditions may exist:

(a) A district remote from railway transportation facilities,

*Excerpts from ‘The Smelting of Copper Ores in the Electric Furnace,’ pre-
sented at the Butte meeting of the American Institute of Mining Engineers,
August, 1913.
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where deposits, rich enough to warrant their being worked, due to
the cost of transport of coke and ore, have to remain unworked,
but where there is plenty of water power which can be developed
at reasonable cost for the production of electric power, by the use
of which for smelting the ores in an electrie furnace, a concentrated
product may be obtained, which can stand the necessary trans-
portation charges.

(b) Where the transportation facilities may be good, but the
cost of fuel too great to permit the use of the ordinary methods
of smelting, whereas, on the other hand, hydro-electric power can
be developed at a low cost, and the ores could be smelted by the
electric furnace at a cost that would make their treatment possible.

With these possibilities in mind we have attempted to make a
brief comparative study of the problem for the purpose of determin-
ing whether it would be possible metallurgically, and feasible com-
mercially, to use the clectric furnace in those localities where, by
reason of excessive fuel costs, the cost of operating ordinary
furnaces for smelting copper ores is either excessive or prohibitive.

Although the smelting of copper ores in the electric furnace
has received considerable attention and more or less experimental
work has been done, there are, so far as we are aware, no electric
furnaces in the United States on copper ores. In Norway, how-
ever, trial smelting of copper ores with a 1000-hp. electric furnace
and an estimated operating capacity of 2000 tons per year, has been
conducted at the Ilen Smelting Works, Trondhjem. A consignment
of 25 tons of pure copper, the first copper ever produced by electrie
smelting in Norway, was exported from the Bitovaria Minea at
Kaafjord, near Dyngor. Some months ago it was reported that,
at Christiansand, the electric smelting and refining of nickel and
copper would be undertaken by the A/s Kristiansands,
Nikkelroffeneringsverk.

1. Vattier’'s Experiment.—One of the best known of the ex-
periments which have been conducted upon the smelting of copper
ores in the electric furnace is that which was made by Vattier at
the Livet works of the Compagnie Electrothermic Keller et Leleux,
France, April 23, 1903.! These tests were made by Vattier for the
Chilean government, which wished to secure such data as it would
be possible to obtain in making experiments on a commercial scale,
These tests were made before a Commission, which was composed
of some of the best known metallurgists of England and Europe.

'For a full account of this work see Report of the Canadian Commission,
1904,
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As stated by Vattier, the main object of these experiments was
to determine, if possible, whether electric heat could be substituted
for the heat derived from coal, either wholly or in part. This is
especially important to Chile, for it has plenty of valuable ores,
and, so it is stated, an abundance of water power, but coal is costly.

The experiments were conducted on two different kinds of ore:

1. An ore the copper content of which was approximately 7%,
present principally as copper pyrite. It also contained 8 to 9% of
sulphur, and the gangue was made up mainly of micaceous copper
oxide, together with silicates and a little carbonate of lime.

2. Low-grade copper ore from the mining regions in the vieinity
of Santiago, Chile, mixed with a small proportion of manganese and
lime.

The composition of the ore, matte, and slag was as follows:

: Ore, % Matte 9% Slag, %
1S 7 (0 23.70 0.80 27.20

ALO; tiviiiiiiiiiii i 4.00 0.50 5.20
L0 10 7.30 e 9.90
-4 0 0.33 1.40 0.39
L0 4.31 N ees
1 U 4.12 22.96 0.57
Fe i 28.50 24.30 32.50
N 7.64 e 8.23
0.04 cee 0.06
L NN 5.10 47.90 0.10
N - Trace ceee ceen

2. Wolkoff’s Experiments.—In some experiments that were made
by Wolkoff? on the smelting of copper ores, the ore experimented
with was a sulphide, containing 8.20% of copper, with an acid
gangue. Several experimental runs were made, but only the re-
sults from one or two of them will be mentioned in this connection.
For instance, using 12 kg. of ore (25.5 1b.) and with the addition
of 6.2% of hammer scale to furnish iron oxide for the silicious
gangue, he obtained a thoroughly fused product, the matte contain-
ing practically the whole of the copper, the slag retaining only
0.15%., and he also states that the volatilization losses were very
small.

In another experiment, he smelted 10 kg. of ore (22 1b.) with 1.25
kg. (2.74 1b.) of roasted matte, which contained 7% CuO, 8%
Cu,S, and 15% Fe,0,, the object being to determine the extent
of the reaction, Cu,S + 2CuO=2Cu, + SO,. On smelting this
charge with a current of 400 amperes and 75 volts for half an hour,

:Metallurgie, Vol. VII, pp. 99 to 102.
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Wolkoff obtained 1.78 kg. of crude copper with 92% Cu, 3% Fe, and
1% S. 1le also obtained 10.9 kg. slag with 0.10% Cu. In this
experiment 96% of the metal was extracted; the slag contained
0.60% of the total quantity of copper; therefore, as stated by
Wolkoff, the copper balance is as follows:

The charge contained ................coivvvuvnnnnn. 1.706 kg. Cu
1.78 kg. crude copper with 926, Ca=—................. 1.638 kg.
10.9 kg. slag with 0.1% Cu=...........co0vvrrunn.. 0.011 kg.
D 7 0.057 kg.
1.706 kg. Cu

3. Experiments of M. Stephan.—At the first general meeting of
the recently formed ‘German Metallurgical Engineers,” M.
Stephan, superintendent of the Girod Electric Steel Works at Ugine,
France, gave an account of some experiments made by him on the
electric smelting of non-ferrous ores, one of which was copper. The
follwing is an abstract of Stephan’s paper:®

‘“The ore came from the Belgian Congo, being mined by a Bel-
gian-English concern. In five different analyses given, the CuO
varies from 21.01% to 5.73%; SiO, from 28.48% to 78.55%, with
from 4 to 13% Al,O,; from 4 to 16% Fe,0,, and, besides, smaller
amounts of impurities, from 2 to 7%. CoO; no nickel. * * * The
moisture in the ore varied from 7% to 32%. It was not removed,
in order to meet the conditions of practical operation and to carry
the experiments out under most unfavorable conditions. * * * Char-
coal, coke, and anthracite were used successfully as reducing agents.
Charcoal would probably be the cheapest in this particular in-
stance. * * * Electric furnaces, similar to the Girod ferro-alloy
furnace type, were used and the dimensions changed in several runs
within wide limits, in order to secure enough data for the con-
struction of a large furnace for the same work. Electrodes were
used suspended from the top and inserted in the bottom, also in
the sides for heating by radiation, and a system was adopted of
heating with a smothered arc mainly by the resistance of a thick
layer of slag over the conducting metallic charge. The temperatures
were measured with LeChatelier, Wanner, and Fery pyrometers.

“A slag of the composition: SiO, 51.90% ; Al,0, 11.31%; CaO
16.83% ; MgO 13.71% ; Fe,0, 3.55% ; MnO 0.94% ; CuO 0.64% ; CoO
0.87% begins to melt at 1250°C. ; begins to flow in a pasty condition
at 1350°C.; and is liquid enough at 1400° to allow the little copper

sEiniges Uber die Erzeugung von Metallen in elektrischen Ofen, von M.
Stephan, Metall und Erz, October 1913; abstract in Metallurgical and Chem-
ical Engineering, p. 22 (January 1913).
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balls to settle completely. At 1550°C. the slag is liquid enough to flow
off freely; 1920°C. was necessary to render the slag liquid when the
highly acid ore was smelted without any tluxes. The pig copper
(Schwarzkupfer) produced analyzed in six different runs from 65 to
95% Cu, containing from 1 to 21% Fe, and from 1 to 11% Co. The
purity of the product will be higher the lower the smelting tempera-
ture. The lower the temperature the smaller will be the chance for
reducing any of its impurities, but, at the same time, more copper
will also be retained in the slag, since at a low temperature it is
much less fluid and offers more resistance to the settling of the
copper, so that the output is decreased.

‘It will be a matter of ecommercial calculation, according to the
composition of the ore and other special conditions, whether a
high-quality product or a maximum output will be desirable. * * *
A continuous run for several days with the same ore, aiming at
slags of about the composition mentioned above, required 1000 to
1200 kw. hr. per ton (2205 1b.) of ore. * * * These figures are high, as
a result of the amount of heat required to keep the very viscous and
abnormal slags in liquid condition. With an easily fluxed ore, the
specific power consumption was only about 500 kw. hr. The
electrode consumption averaged 8 kg., or 17.6 lb., per ton of ore.
It was operated with 4 amperes per sq. em. (25.8 amperes per sq.
in.). Coal for reduction was used at the rate of 25% of the copper
in the charge. The best lining to withstand- the severe conditions
of the furnace used in this work was tamped fire-clay with 80%
Si0, and 15% AlO,."”’

Smelting of Sulphide Ores in the Electric Furnace

To study conditions in the smelting of sulphide ores in the electric
furnace, the writers have recently conducted a series of experiments
at the Bureau of Mines laboratory. The objects in view were: (1) to
determine if there are any conditions which make electric smelting
without air anything but a simple melting operation; (2) to note the
percentage of concentration and the sulphur removal; (3) to study
the’ possibility of condensation of the elemental sulphur as such;
(4) to get general figures on power consumption with varying
charges; (5) to determine gold, silver, and copper losses; and (6) to
study the use of a low-copper matte as a collecting agent for gold
and silver.

1. Ores Treated.—The ores used in the experiments were: A
heavy sulphide low-grade copper ore; a gold ore; a silicious silver

ore; and some roasted ore of the composition shown below. The
limestone contained 63.2% CoO and 5.7% MgO.
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Pyrite. Nodule. Silicious ore.

Yo % %

S10; ..t e e 2.50 .00 74.53
Fe ittt 44.07 65.60 10.71
AP 48.20 v 8.36
ALO, ... ittt 0.24 1.76 0.40
Ca0 .....ciiiiiiiiiii e 0.08 0.46 ceee
MgOl ....eiiiiiiiiiiiiiiiens 0.73 0.46 0.26
B Y 0.02 Cees

7N S 0.20 oo

CU iiiiiiiiiiaieiattiaeaanaas 1.30 0.07 e
Au,o0z.perton............ocu.. 0.01 0.03 1.28
Ag, 0z. per ton ...........c0000 0.14 0.05 3.20

The ores were treated in an electric furnace of the following con-
struction, figures 15 and 16: It consists of a smelting chamber lined
with fire brick or silica brick, having three carbon electrodes sus-
pended vertically through the roof with a feeding shaft lined with

F16. 15. ELEVATION OF ELECTRIC FURNACE.
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fire brick over the crucible. This would use three-phase cur-
rent at from 50 to 100 volts. The general internal dimensions of
the crucible are 14 ft. 6 in. in diameter, by 9 ft. high, with a shaft
1 ft. 6 in. in diameter by 18 ft. 6 in. high. With a furnace of this
type regulation of eleetrodes would not be necessary after regular
operation was established, so that the electrical connection is made
close to the roof of the furnace and regulation is by hand. There
is less difficulty in handling the electrodes if they are suspended
vertically; and, as the shaft is low, it is made vertical, thus elimi-
nating the necessity of suspending them at about 55 degrees.

Q)

Fi1a. 16. PLAN oF ELECTRIC FURNACE.

The top was roofed and kept closed tightly to prevent escape
of sulphur and admission of air. A condenser, consisting simply of
three rectangular, horizontal chambers with several baffles in it,
was attached to the furnace to condense the sulphur and cateh any
escaping gas. ]

Twenty experiments were made with these ores. A typical charge
was as follows: ’

CHARGE MATTE SLAG
Lb. % Y%
Pyrite ........... 880 Cu .............. 122 Cu .............. 0.05
Nodule ........... 13.20 Fe .............. 6418 SO, c..viiiinennnn 35.25
Siliclous ore...... 576 S ...iiiiiieii... 2238 FeO ............. 41.30
Limestone ....... 2.73 Oz.perton. AlLO, ............ 4.40
Au ....oioalll, 072 CaO ............. 10.00
Ag ..oiiiiiin... 096 MgO .......... . 1.64
S it 3.66
Oz. per ton.
AUl ...vieiininenn. 0.03
AB tiiiivennnnn. © 0.32

2. Conclusions.—(1) Smelting in an electric furnace treating
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sulphide ores consists simply of melting the charge, volatilizing
about 60% of the sulphur as elemental sulphur, and separatmg the
slag and matte.

(2) The ratio of concentration is simply that possible from a
separation of matte and slag, together with a reaction of oxides
and sulphates upon sulphides, and the volatilization of 10% more
than one atom of sulphur, but with no formation of iron oxide to
enter the slag, because there is nothing present to oxidize the iron
sulphide.

(3) Qualitatively, it is possible to condense some of the elemental
sulphur driven off.

(4) The loss of copper, by volatilization and in the slag, is low.

(5) A matte containing about 1% copper, from a charge contain-
ing 0.30% copper, makes a good collecting agent for gold and silver,
if a clean separation of slag and matte is obtained.

(6) There is very little loss by volatilization of gold in the
electric furnace, but there is some loss of silver in this way. This
would not probably occur in a larger furnace with closer tempera-
ture regulation.

(7) The electrode consumption in the smelting of a sulphide ore
is low, and in practice need not exceed five pounds per ton of
charge

(8) In a large commereial furnace the power consumptlon for
most ores would be about 480 kw. hr. per ton of ore, or-0.055 kw.
years.

Electric Furnace v. Reverberatory Blast Furnace

So far, we have only considered the use of the electric furnace as
a melting furnace in the treatment of copper ores. From what has
been said, we believe that we are justified in making the following
statements as to the possibility of using the electric furnace for this
purpose :

(1) The melting of native copper oxide or sulphide ore of cop-
per can be done just as efficiently in the electric furnace, and per-
haps more so, than in either the reverberatory furnace or the blast
furnace.

(2) The reactions desired in reverberatory smelting, or ordinary
blast-furnace smelting, can be obtained in the electric furnace as
well, and perhaps better, than in either of those furnaces.

(3) The loss of electrodes is small, varying from 5 to 10 Ib,
per ton of ore smelted, and the presence of the carbon electrode
does not cause enough reduction of iron to be troublesome, or in-
crease the consumption of electrical energy appreciably,
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(4) The losses of copper, gold, and silver by volatilization and
in the slag would be no greater, as shown in all the experimental
~ work cited, than they are in reverberatory smelting or ordinary
blast-furnace smelting.

(5) A matte containing as low as 1% copper can be used as
collecting agent for gold and silver in the electriec furnace, as well
as in combustion furnaces.

(6) The comparison of costs would depend entirely upon the
nature of the ore treated, and the relative cost of coal or coke, and
electrical energy. In general, from the work done in the experi-
ments, we may say that from 500 to 700 kw. hr. per ton charged
would be required for smelting copper ore, depending upon the
nature of the ore.

There does not seem to be any metallurgical reason why the chief
objects of the pyrite smelter cannot be carried out in some electric
copper blast-furnace such as Fig. 17a and 17), as well as in a coke
copper blast-furnace; namely, ‘‘to melt the great mass of SiO, and
inert earths, to oxidize enough of the sulphides in the charge to in-
sure a suitable matte—incidentally obtaining the heat evolved by
the oxidation.”’. On the other hand, it would seem that the diffi-
culties ordinarily encountered in operating a pyrite furnace might
be avoided when using an electrie blast-furnace, namely, the diffi-
culties which arise when too much or too little coke is added to the
charge, and moreover that it not only permits ‘‘introducing heat
into the furnace, without at the same time robbing the combustion
zone of oxygen,’’ of which E. D. Peters states, ‘‘nothing would be so
welcome to the furnace man as to do this,”’ but would also permit
of the heat being entirely under control and easily regulated, and
thus avoid freeze-ups with their consequent vexations and costly
delays. By this we do not mean that any sort of a charge could be
put through the furnace and not freeze it up, an idea which seems
to be quite prevalent in regard to electric furnaces, but that, if the
charge be properly calculated, a very much wider variation would
be permissible in the composition of the slag from that calculated,
than would be the case in blast-furnace smelting.

By referring to Fig. 17« and 17), it will be noted that the chief
difference in the construction of the furnace would be in that
part of it below the tuyeres—in other words, in the crucible. Be-
cause electric furnace construction has received the attention of
some of the very best mechanical and electrical engineers, and be-
cause a crucible based upon the principle shown in the design in
Fig. 17 is now extensively used in the iron electric reduction fur-
naces of Norway and Sweden, we believe that no difficulty would
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be experienced in this respect. Various methods and arrangements
can be used for connecting up electrodes. If this be true, we have
only to consider the matter of costs.

Comparison of Costs

a. General Considerations.—From what we have said, it will be
evident that a comparison of costs is made simply for the purpose
of giving some idea as to the outlay that would be necessary to
erect and operate an electric furnace plant for the purpose of
smelting copper ores.

Naturally, the first thing to he considered is whether it would be
feasible to attempt to substitute electrical energy for coke, due
to the cost of the former.

b. Cost of Plant.—As a matter of fact, the cost of an electric
furnace plant would be the cost of a regular plant plus the electrical
installation, exclusive of the generating plant, because it is assumed
that it would be possible to purchase power from some power com-
pany, and, if not, the generating plant would probably be considered
as a separate organizatian, selling power to the smelter at so much
per unit. Therefore, by electrical installation we mean the cost of
transformers, bus-bars, cables, instruments, etc. In order to get
some idea of this cost we will assume that our furnace is to smelt
384 tons of charge per day* and that the composition of the charge
is:

Per cent.
L1 S 5.21
23 (0 P PP 26.41
=T 6 18.60
2 11.46
7 X 0 P 4.26
L011 T 17.49

This was the average composition of the entire blast-furnace
charge which was smelted at the Washoe smelter, Anaconda, for
several months.® In this plant 8.2% of coke was nsed. If we should
attempt to smelt a charge of this nature in an electric furnace, what
amount of electrical energy would be required?

c. Amount of Electrical Energy Required to Replace Coke.—Since
8.2% of coke was required at the Washoe smelter to smelt the above
charge:

4¢At the Washoe smelter, Anaconda, the furnaces were formerly 56 by 180
in. (hearth area, 70 sq. ft.) and smelted on an average a little less than 400
tons of charge daily, or 5.6 tons per square foot. From ‘Principles of Copper
Smelting,’ Peters, p. 156.

“Practice of Copper Smelting,’ Peters, p. 267.
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2000 X 8.2 Ib. =164 1b. of eoke, were used. This coke contained
80.24% fixed carbon; therefore, the carbon equivalent of the coke is:
164 X 80.24 =131.59 Ib. If one pound of earbon be completely burned
to carbon dioxide, we obtain 8100 lbh, cal. Therefore, 131 X 8100 =
1,061,100 1b. cal. that would be obtained from 131 1b. of carbon con-

tained in the 164 1b. of coke. As 1 kw. hr. is equivalent to 1897 1b.

cal.,, it would require: _1,_(;%.71_03 or 559 kw. hr. to replace the

theoretical calorific value of the 164 1b. of coke. However, as a cop-
per blast-furnace at its best probably does not have an efficiency of
over 50%, the energy really obtained from the coke, so far as work

performed in the furnace is concerned, is only 530,550 cal. and this

would reprsent theoretically, % or 280 kw. hr. per ton. Inas-

much as the efficiency of electric furnaces of this type may be as
much as 85%, and as that of an open top ferro-silicon furnace is
said to be about 60%,° it would be fair to assume that the efficiency
of an electric furnace, such as shown in Fig. 16, would be 20% great-
er than that of the ordinary blast-furnace, and hence we will say it is
70%. If this be true, then the theoretical 280 kw. hr. needed to
smelt one ton of charge would have to be increased 1.42 times
(280 X 1.42=2397) or say in round numbers, 400 kw. hr. would be
required to smelt one ton of charge. Considering that part of the
heat in this case is supplied by combustion of sulphide the figures
agree closely with the 480 kw. hr. calculated from the experiments
on melting only. As we are to smelt 10 tons of charge per hour,
400 X 16 = 6400 kw. hr. would be the constant load on the furnace,
and, as the power supply would doubtless be three-phase, this would
mean that the electrical equipment should consist of:

Three 2500-kw. variable voltage transformers, to allow ample
margin for sudden overloads, ete.; instruments, bus-bars, cables,
ete.

As to their costs at the plant, that would, of course, depend upon
the locality, and would be the factory costs plus transportation
charges. To partially offset this cost, the blower capacity would not
need to be so large as in the case of the regular blast-furnace, be-
cause less air is blown.

d. Cost of Smelting.—We may say that the costs of coke and
electrical energy are about on a par when coke costs $7 a ton, and
electrical energy 0.15¢. per kw. hr., or $13 per kw. yr—or say in
the ratio of 1:1.8. Although there may be advantages in the use
of an electrical blast-furnace instead of an ordinary blast-furnace,

6Revue de Métallurgie, Vol. IX, p. 362 (1912).
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these will not be taken into consideration in this connection, and
we will assume that the cost of electrodes and of the electricity on
the one hand, and its equivalent in heating value of coke on.the
other, would be the same; in other words, that the cost of electrodes
and electricity would balance the cost of the amount of coke that
would be necessary to do the same amount of work. We will not
take into comsideration the saving in blowing by reason of not
having to furnish air for burning the coke.

e. Cost of Electrodes.—The average consumption of electrodes
per ton of iron produced at Trollhattan, Sweden, is about 10 1b.
Assuming 1 ton of iron is equivalent to 2 tons of charge, the con-
sumption of electrodes per ton of charge smelted in a furnace,
such as the one we have been discussing, would not be over 5 1b.
per ton. If we assume that the electrodes do not cost over 6c. per
pound, which allows a fair margin for transportation over their
cost at the factory, the cost of electrodes would be about 30c. per
ton of charge smelted. The consumption would be probably con-
siderably less than 5 lb. per ton, as was shown in an experiment
performed by the writers in which air was blown into the furnace,
and in which the electrode consumption was only 2 lb..per ton of
ore treated. Such being the case, if our combined electrical energy
and electrode cost is not to exceed our equivalent coke cost, with
coke at $9 a ton, the cost of electrical energy would be $9 X 1.8 =
$16.20 a kw. yr., minus the cost of electrodes, or about $16. Com.
pared on the basis of calories, if the coke contains 80.24% fixed
carbon, it would contain 1604.8 1b. of carbon per ton of 2000 l1b.,
and this carbon would, if completely burned to CO, give a calorific
value of about 13,000,000 calories. As one kilowatt year of energy
is equal to 16,616,000 cal., it would require something like 1.2 tons
of coke, containing 80.24% fixed carbon, to equal in calorific value
the kilowatt year, but it is to he remembered that this assumes that
all the earbon of the coke is completely burned to carbon dioxide,
which rarely happens in practice, and so, as has been determined
from actual practice, it requires from 1.5 to 1.8 tons of coke to
vield the same number of calories as may be ohtained from 1
kilowatt year of electrical energy.

Electric Blast-Furnace in Smelting Pyritic Ores

As previously stated, in all true pyrite smelting, fuel (usually
coke) in varying amounts is added to the charge. We will assume
for the sake of argument, that the ore being treated is entirely
suited to pyrite smelting, and that it is not necessary to use more
than 0.5% of the weight of the charge in coke. Could such an ore
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be treated pure as well in an electric blast-furnace as in an ordinary
blast-furnace, assuming that the costs would be the same in each
case. As what we have had to say in regard to the construction of
the furnace and the costs of applying the process is as applicable
to true pyrite as it is to semi-pyrite smelting, we will only take up
the subject from the metallurgical and chemical standpoint.

In the first place let us consider the nature of the atmosphere in
a pyrite furnace. As the air enters the tuyeres, practically all of it
enters into immediate combination, forming SO, and FeQ. Although
some oxygen escapes combination, it is not sufficient to support
combustion within the furnace, as has been shown by Sticht and
others. Now let us briefly consider the changes which take place
in the charge as it descends from the charging door to the fusion
zone. They are-few, and may be briefly stated as follows:

(1) The iron sulphide loses one-half of its sulphur as elemental
sulphur, and becomes FeS.

(2) Chalcopyrite. It loses about one-fourth of its sulphur and
becomes practically a mixture of Cu,S and FeS.

(3) The silica is unchanged.

(4) The coke is for the most part consumed in the upper zone
of the furnace, but not by oxygen, as no free oxygen exists in
that part of the shaft, but by the O from SO,, that is, the carbon
of the coke reduces the SO, giving S and CO, and this CO reacts
with more SO,, forming S and CO,. Aside from these reactions,
which are of no great importance in the chemistry of the process,
the chief office of the coke as pointed out by Sticht,” ‘‘Is apparently
to heat up the sulphides and the quartz in preparation for their
active oxidation deeper in the furnace.”’ If, therefore, coke was
omitted from the charge we would not have this preparation of the
sulphides and the quartz as stated by Sticht. Such being the case,
how detrimental to the process would this lack of preparation be?

In order to answer this question, it must be borne in mind that in
true pyrite smelting, there is ‘‘no heat to spare,”’ and that although,
as pointed out by Sticht, the heat evolved by the combustion of
the coke by the oxygen of sulphur dioxide is only one-third as
much as it would be if the oxygen were furnished direct by the
blast, and that it is given off at a point considerably higher than
the focus of the furnace, it nevertheless ‘‘assists in preparing the
charge for the reactions which take place in the focus of the furnace,
for with 1% of coke in the charge enough heat is generated to supply
one-third of the heat required to melt the entire pyrrhotite contents

“Principles of Copper Smelting,’ by E. D. Peters, p. 227 (1907).
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of the charge.’”” This extra heat ‘‘doubtless furnishes just the neces-
sary aid to bridge the operation over some critical point.”” From
this we see that the office of the coke then is solely for the purpose
of furnishing heat. Inasmuch as the nature of the charge in true
pyrite smelting is such as to demand the oxidation and removal of
a large excess of iron as silicate, and as it is necessary to cause the
silica present to unite with as much FeO as possible (due to the fact
that generally silica-bearing materials have to be added for slag-
forming purposes, and often these are barren and hard to obtain),
and as the saturation point of silica with iron oxide is greater the
higher the temperature attainable in the pyrite furnace, it is quite
necessary that the reactions in the zone of the furnace proceced as
energetically as possible, in order to meet the requirements stated
above, and to provide enough heat to keep the process going. If,
therefore, pyrite smelting be attempted in an electric blast-furnace,
it would be necessary to supply the heat from the electric current
in such a manner as to insure there being enough heat at the focus
to carry on the reactions at that point in the same manner as if
coke had been added to the charge. The writers are of the opinion
that it would be possible and perfectly feasible to do this in the
furnace of the type shown in Fig. 176. Moreover, that the use of the
eleetric furnace would permit of a more uniform operation of the
furnace than is now possible, for, with the electric current, it would
be an easy matter to quickly increase or decrease the heat required
for the successful operation of the furnace. In this way we could
maintain the ‘‘degrce of concentration at a constant,’”’ which, as
pointed out by Sticht, is very important, but which is extremely
difficult to do. Also, we ecould avoid the troubles arising from the
“‘constant fluctuations’’ which are bound to occur, and which at
present demand unbroken attention and frequent changes in the
charge, especially in its proportion of silica ‘‘due to the fact that
in true pyrite smelting there is no heat to spare,’’ whereas, with
the electric blast-furnace, it would be possible, as just stated, to
increase or decrease the heat as necessary in order to meet thesc
fluctuations.

Summary.—Summarized then we may say that the electric smelt-
ing of copper ores is nothing more than the substitution of electric
heat for the heat derived from the combustion of carbon. Inasmuch
as the carbon which is used either in the reverberatory furnace or in
the blast-furnace plays no important part in the necessary reactions
which take place in these furnaces, there is no reason. metallurgical-
ly, why electric heat may not be substituted for the heat derived
from the combustion of carhbon. In fact, as we have tried to point
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out, in some cases the reactions would take place to better advantage
in the neutral atmosphere of the electric furnace than in the reducing
or partly reducing atmosphere of the combustion furnace. There-
fore, as to whether the electric furnace would be used for the smelt-
ing of copper ores would largely depend, so far as we are able to
make out at the present time, upon the relative cost of coke and
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F1G6. 17b. PLAN oF ELECTRIC BLAST-FURNACE.

electric power. As the use of the electric furnace is not advocated
as a competitor of the combustion furnace, but as a substitute for
it in those localities where it is not advisable because of the high
cost of fuel, we see no reason why the electric furnace may not be
developed as a substitute for the combustion furnace, where the con-
ditions are such as to warrant its use, especially in the treatment of
copper-bearing ores. In this connection it is to be remembered that
the reason why the electric furnace was developed in the iron indus-
try, for the reduction of iron from its ores was due to necessity.
As a matter of fact the field for the electric furnace in the reduction
of iron from its ores is a limited one. Perhaps the same is true as
regards the possible application of the electric furnace to the treat-
ment of copper ores, but, judging from the comparative costs
as shown in the preceding pages, it would seem that the chances
in favor of the electric furnace for the treatment of copper ores are
greater than those for the treatment of iron ores, because there is
not so great a difference in the cost of coke and electric power in
copper mining districts as in iron smelting centres. Also the cost of
electric power is constantly becoming less, due to improvements in
gas engines and steam turbines, so that, in districts where water
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power is not plentiful but cheap fuels unsuited to coking purposes
are available, it may be found more advantageous to use electric
heat than the heat derived from the combustion of coke.

It is sincerely hoped by the writers, although it is possible
at this time to present but few facts, that the comparative study
herewith presented may serve to stimulate interest in the subject of
the electric smelting of copper ores, and to cause others to attempt
a further investigation of it. As a result of their investigations, the
writers are convinced that experimental work on a larger scale
should lead to the development of an electrie blast-furnace, which
in some cases could be used to better advantage for smelting sulphide
ores of copper than the combustion blast-furnace.

ELECTRIC SMELTING OF COPPER ORES
(Editorial, November 1, 1913.)

With the growing importance and availability of eleetric power,
especially hydro-eleetric power, and the continual improvements in
the design and construction of electrometallurgical apparatus, the
smelting of copper, and more especially zine, ores by electrically
generated heat is a possibility which may well engage the attention
of those whe are concerned with metallurgical progress, as well as
with the payment of present dividends. The authors of the paper
presented in the current issue on the application of the electrie
furnace to Westen metallurgy have been engaged by the Bureau of
Mines to make a detailed study of this subject, and the results of
their work will be more fully set forth later in publications of the
Bureau. As is both natural and right, Messrs. Lyon and Keeney have
adopted an optimistic viewpoint, and in the interest of obtaining a
well-rounded view of the situation, it will be well to call attention
to the factors unfavorable to the immediate development of an in-
dustry in which the heat for smelting is generated from electrical
energy.

In the computation of the cost of electric power for smelting,
those who take an optimistic view commonly reckon that eleetrieity
may be obtained at a cost of 0.15¢. per kw. hr., or about $10 per
horsepower-year. As compared to the extraordinarily low cost for
the production of electric power which has been attained in some
parts of Europe. this may seem a liberal allowance to the advocates
of electric smelting. As a matter of concrete fact, however, the
cost of hydro-electric power, in the mountain districts of California,
is $50 per horsepower-year to consumers of moderate amounts, and
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even consumers who will take a steady load of 10,000 hp. have to pay
at the rate of at least $16 per horsepower-year. In his interesting
paper on hydro-electric development in Montana, Mr. Max Hebgen
makes the statement that the coal necessary to develop by steam
power the 49,500 kw. now produced by the Montana Power Co.
and its subsidiaries would cost $45 per horsepower-year. It is un-
fortunately probable that the use of electric energy for smelting will
have to be developed under unfavorable conditions, rather than
those which are most favorable, and it is only fair to state that there
is every evidence that electric smelting will have to be upon the basis
of a power cost which is nearer le. per kilowatt-hour than the figure
usually cited. On the basis of a theoretical computation in which
it is assumed that the thermal efficiency of a coke-fired blast-furnace
is 50% and the efficiency of the electric furnace is 70%, it is de-
duced that coke and electric energy are on a par at $7 per ton for
coke and $10 per horse-power-year for electric energy. With electric
power at the more probable cost of $30, this corresponds to $21 per
ton for coke, and even this figure neglects the cost of electrodes,
which is estimated at 30c. per ton of charge smelted. The cautious
manager hopes for the best conditions and prepares for.the worst,
and upon this basis it is difficult to believe that, except under unus-
ually favorable conditions, electric smelting can be done at a cost
which will permit of its wide use, for the present at least.

Other conditions than those of cost are of importance in the
regular conduct of smelting work, however, and it may be pointed
out that the barring down of crusts is a normal action in copper
blast-furnace smelting as usually practised. This is almost incom-
patible with the use of refractory linings in the construction of a
smelting furnace. The assumption that the thermal efficiency of an
electrically heated furnace will be 20% greater than that of the
ordinary copper blast-furnace will require experimental demonstra-
tion before it can gain general acceptance. It must not be over-
looked that in experiments which have been conducted, the volatili-
zation loss was 1% of the copper present when smelting native
copper concentrate containing about 30% copper. In the other ex-
periments, the volatilization loss is not given beyond the statement
that it is low. It must be remembered that our knowledge of slag
composition and slag losses is based upon practice in which the
average temperature within the furnace is lower than is likely to be
the case in electric smelting, where the heat generated is concen-
trated in a comparatively narrow zone between the electrodes,
rather than distributed throughout the zone of combustion, as in
the blast-furnace. What difference this will make in practical opera-
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tion can only be determined by much experiment, in which the
Bureau of Mines is properly taking the initative.

Just as smelting in the blast-furnace, utilizing only the heat of the
sulphur in the charge, is theoretically possible, but in practice the
use of coke to increase the tonnage handled per day is an economic
advantage, so the use of electric energy will be conditioned upon
the profit obtainable from its use, and profits can only be determined
by introducing all working conditions in experiments upon a work-
ing scale. Considerations of space prevent fuller discussion here,
but we will be glad to accord space in the ‘Discussion’ column for
the views of our readers.

It is unquestionable that if the early experiments which painfully
led up to the present converter practice and pyrite smelting had
been made by an organization like the Bureau of Mines rather than
under the irrelevant difficulties at Toston, Butte, and elsewhere in
Montana and Colorado, progress would have been more rapid than
was actually the case. Promising experiments have often been
dropped because some structural feature unexpectedly failed and the
management was unwilling to incur the expense of reconstruction.
We congratulate the Bureau upon being both able and willing to
undertake the work necessary for the development of an exact
knowledge of the possibilities of electric smelting.

ELECTRIC SMELTING OF COPPER ORES

(Discussion, December 20, 1913.)
The Editor:

Sir—We have read with interest your editorial in the Press of
November 1, on the ‘Electric Smelting of Copper Ores.” Four main
questions are brought up for discussion in the editorial which de-
serve comment: (1) the effect of power cost upon the adoption of
clectric smelting in the metallurgy of copper; (2) the heat efficiency
of the electric furnace as compared with the blast-furnace; (3) the
impossibility of using refractory linings in the construction of a
copper blast-furnace, because of the necessity of frequent barring
down of crusts; and (4) the volatilization loss of 1% of the copper
present in smelting native copper coneentrates containing about
30% copper.

The Bureau of Mines is gathering data and experimental results
upon questions (1) and (2), namely, power cost for electric furnaces
and heat efficiency. which it hopes to publish as soon as the required
information is made complete.
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In reading your statement regarding the incompatibility of the
use of refractory linings in a smelting furnace where it is necessary
to bar down crusts as in the copper blast-furnace, we feel that there
is an inference that a water-jacketed shaft would not be used in the
electric furnace as in the ordinary blast-furnace. To clear up any
doubt on this question, we quote from our paper on ‘The Smelting of
Copper Ores in the Electric Furnace,” page 2139 of the August
Bulletin of the American Institute of Mining Engineers, where it is
stated: ‘‘To begin with, let us assume that our furnace is similar in
construction to a modern copper blast-furnace, and that the upper
part of the furnace, including the tuyeres, is practically identical
with the same. Below the tuyeres the furnace could be constructed
as shown in Fig. 17a. By referring to this, it will be noted that there
are electrodes extending down into the ecrucible, the arrangement
of which along the sides of the crucible, can be noted by referring to
the plan of the furnace in Fig. 175.”’ The shaft of the electric shaft
furnace proposed by us for copper smelting, is thus water-cooled
and made of water-jackets as in the blast-furnace. This shaft is set
over a crucible, as is the case in the Swedish electric pig iron
furnace ; but differs from the Swedish furnace in that it is rectangu-
lar rather than circular in cross-section. Only the crucible of the
proposed furnace, described in our paper, is lined with refractory
material, and is also covered by a roof of refractory material at the
sides. The walls of this erucible could be made of water-jackets,
if the electrodes were insulated from the shaft walls and erucible
walls by a roof of refractory materials. There is, however, no need
of adding this complication to the electric furnace, as no crusts could
possibly occur that far down in the furnace. The refractory lining
of the crucible would easily stand the ordinary wear on it, as has
been found to be the case at Trollhittan. In the electrie furnace
used in ferro-alloy and calcium carbide manufacture, there is a
tendency for the material to freeze on the refractory lining to such
an extent that eventually the charge itself really forms the lining of
the furnace. Furnaces have been run for two years without being
relined. In some works, when the charge does not chill enough to
form a protective lining, a water spray is played on the steel shell
of the furnace, or in some cases the crucible is water-jacketed, but
in most plants this practice has been discontinued on new furnaces,
which are designed with the electrodes at sufficient distance from
the walls to keep the material frozen on the walls of the crucible.

On page 2124 of the paper above referred to, we have stated in
conclusion: (2) ‘‘The percentage of copper in the slag need not
exceed 0.25, with a slag of proper composition. The loss in the slags
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should not exceed 0.5% of the total copper charged. Other losses
should not exceed 1%, giving a total loss of 1.5% of all the copper
charged.”” In your editorial you state that the loss of copper by
volatilization was 1% of the copper present. The 1% representing
‘‘other losses’’ does not consist alone of a volatilization loss. It in-
cludes volatilization, oxidation, hangings of partly fused ore and
dust loss, which includes both the fine material lost in mechanical
handling of the fine concentrates at the furnace, and the dust blown
out of the furnace by the gases. In the operation of a small furnace
there is considerable mechanical loss by hanging and blowing out of
fine material by the gas. In our experimental work these two factors
seemed to be the chief cause of copper loss, and we found it im-
possible to separate these losses, because of the small working scale
of the experiments.

We appreciate very much the friendly criticism expressed in your
editorial, and merely wish to correct any mistaken impression which
may have been given in reading our paper. We hope in a short time
to present the detailed results of the experiments which have been
carried out to date.

Dorsey A. Liyon.
RoBERrT M. KEENEY.
Pittsburgh, November 10.

[We are glad that our editorial comment has evoked such interest-
ing additional information on the points of leading interest to the
operating metallurgist. The important data and experimental re-
sults on the efficency and power cost of electric smelting which are
promised will be awaited with keen interest by all—EbiTor.]

SMELTING COPPER IN SMALL REVERBERATORY FURNACES

By EpwIN M. CLARK
(April 23, 1910.)

About October 1902, the Richardson brothers employed me to go
to their mining properties, situated in the rugged mountainous dis-
trict of Sahuaripa, Sonora, Mexico, about 150 miles by trail in an
easterly direction from Torres, a small station on the Sonora rail-
road, to investigate the possibility of smelting their ores. At that
time they were shipping each month, by pack-mules and burros
over the above trail, something like 45 tons of first-class ore and
concentrate from their mine at La Bufa, and the same amount of
concentrate, with from $6000 to $10,000 worth of silver sulphide
from the lixiviation plant at Santa Rosa.
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The method of procedure was as follows: The ore as it came from
the mine was first hand-sorted to separate the first and second-
class ore from the fine which latter was passed over shaking screens
so as to classify it. The coarse product was hand-jigged at the mine
and the concentrate obtained was added to the first-class ore. The
middling from these jigs and all the other fine and the second-class
ore, amounting to about 200 tons per month, was sent by mule back,
nine miles to Santa Rosa, at a cost of 8 per ton; where the coarser
ore was crushed with rolls and concentrated on jigs and tables, the
middling and fine going to stamps to be crushed fine enough to

F16. 18a. CROSS-SECTION OF SMALL REVERBERATORY FURNACE.

chloridize by roasting with salt in small hand-roasting furnaces.
The soluble copper salts were then washed out with water and run
to waste. The chloride of silver was leached by hyposulphite of
soda and lime, precipitated with sulphide of lime, dried, sacked, and
shipped to the railroad. This was an expensive operation. The
manager saw that if he could smelt the ores at the mine it would
reduce this local expense as well as save the copper they were losing:
besides by concentrating the copper-silver into matte or black cop-
per, it would make an enormous saving in the transportation ex-
pense to the railroad. I recommended reverberatory smelting, on
account of its adaptability to making copper matte, using cordwood
for fuel. It also required less metallurgical skill than a blast-
furnace. The ores being coarse and fine concentrate would not have
to bhe briquetted after roasting, so the zincy lead-copper concen-
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trate, rich in silver, would be reduced with less loss in fume and
flue-dust than in a blast-furnace. I was requested to take charge
of the metallurgical department and proceeded to make plans for
the mill and furnaces. These consisted primarily of a 24-ton con-
centrator and a 14 by 50-ft. roasting furnace, built of stone and
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F16. 18c. PLAN oF FURNACE.
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red brick at a cost of about #3000, which was connected to the same
flue as the smelting furnaces. The flue consisted of a trench run
up the side of a hill to the top of a small butte on which was built
a 20-ft. stack. The trench was 300 ft. long. When arched over it
had a dimension of 4 by 6 ft. in the clear, and a height above the
reverberatory furnace of about 110 feet.

The roasting furnace would desulphurize 12 tons in 24 hours, of
a mixture of first-class ore and concentrate, from 23.8% down to 7%,
three Mexican cords of wood (96 cu. ft.) were used per day, seven
men were employed on a shift of 12 hours, including the foreman,
- and the cargador who brought up the charge and wood. A small
7 by 13-ft. reverberatory furnace, the description of which is the
subject of this paper, was also built. Through the courtesy of the
La Dura Milling & Mining Co. I obtained their hand brick-press, of
German make, which molded a brick 214 by 5 by 10 in., with which
were made all of the common and silica bricks needed at the rate
of from 1200 to 1500 per day. In searching for material to make
the refractory bricks, I found an inferior fire-clay at Ocotes, some
15 miles north of the mine, which gave the following analysis:

Per Cent.

S (0 T 68.77
- 0 T PP 3.96
7 X 0 P 16.64
7 Y0 L 2.23
Loss by 1gnitfon ....cooiiiiiiiiiii it i i ittt e 4.12
95.72

Also a quartzite was found at La Trinidad 17 miles away, which
was crushed dry at the mill, fine enough to pass a 30-mesh screen.
This gave the following analysis:

Per Cent.

15 0 U 95.15
N 0 TR 1 S o T P 4.15
07V 0 J P 0.60
99.90

To make the silica bricks, 2 parts of the erushed clay were mixed
dry with 5 parts of pulverized quartz (by measurement) in a mortar
box, and enough water was added to make a batter of the material,
of the same consistence as ordinary lime-mortar. After thoroughly
mixing, it was thrown upon a canvas to dry until stiff enough to
press into bricks. In the meantime other batches were made in a
similar manner, so that the pressing of the bricks could continue
uninterruptedly. The reason for this was to get an intimate mixture
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of clay and quartz. The bricks when molded were carried by boys
upon a small piece of board to a level patio, where they were placed
to dry, after which they were built into the centre of the kiln. The
outside and arches of the kiln were built of common brick so as to
protect the more fragile silica-bricks. The common red brick was
made from clay and sand found near the mine. The silica-brick
when burnt gave the following analysis:

Per Cent.

1 2 (0 90.10
0 2,67
L 5.33
L7 0 1.25
99.36

These bricks were rather fragile but stood the fire well.

As will be seen by the plan of this 7 by 13-ft. hearth-furnace, it
was built without a vault, starting upon a solid foundation of
country rock. The outline of the furnace was built of red brick,
and when high enough the tie-rods were put in place and the walls
continued. A foot of crushed rock and common clay was tamped
in the bottom, after being slightly moistened; upon this was placed
6 in. of clean sand, leveled off, and a layer of red brick followed.
Upon this was tamped brasque, consisting of one part of inferior
fire clay, one part of clean sand, and one part of fine charcoal, with
sufficient moisture to make it adhere when pounded by the tamping
sticks. This was scraped or cut to conform to the shape the hearth
was to assume when completed. Upon this was placed the silica-
brick on end. Beginning at the bridge-wall, a wedge was set m
the centre of the hearth, so as to make all of the bricks incline a
little, the idea being that they would not float up as quickly as if
perpendicular. The brick was dipped into water, then into a batter
of fine clay and quartz, of the same composition as the bricks, and
set as snugly as possible until they reached the walls of the red brick
on the side of the hearth, leaving no large cracks or open spaces be-
tween the bricks or rows that follow. When completed the floor
must have the shape and conform to that given to the brasque
beneath. The ends of the bricks where they join the outer wall of
the furnace, are cut sufficiently to allow the 10-in. lining or inner
wall of silica-brick to have a firm seat upon them; then the walls are
completed to where the skew-backs are placed for the arch. To
build the arch, I filled the body of the furnace with sand to within
a few inches of the skew-backs, upon which was tamped a mixture
of clay and sand a little fuller than was necessary for the forming
of the arch; this was scraped to the desired form, and the brick
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laid upon it by beginning at the chimney end, placing the buck-
staves and tie-rods as they were reached and driving the wedges
just tight enough to raise the row of bricks a little above the form
beneath. There were provided one hole for the feeding of the
charge and eight small holes over the bridge-wall to admit air for
perfect comnbustion. When finished the sand is withdrawn, and the
hearth swept out, the doors put in place, and about 1% ton of pul-
verized slag placed upon the hearth around the edges. It is thel
gradually dried, the doors are closed and brought to the highest
heat possible. Leaving the doors sealed the fire is allowed to go
down until the hearth is dull red, when the first charge of oue ton
of sulphide ore is added and quickly smelted in. Then follow the
regular charges of 114 tons. It required about 7 days to fill the
hearth with matte and it yielded about 9 tons of matte when tapped.
The calcine smelted had the following analysis:

Per cent.
15 L0 31.62
FeO ...ttt ittt iitiiaatiannnenns 15.34
7 0 12.52
L7 10 U tr.
PbO ittt ittt ittt 9.00
/10 7.40
> O 6.10
L0 T 13.10
7 N - 0.634 (0.634% — 185 oz. per ton)

95.614

The matte produced had the following composition :

Per cent.
[ P 50.5
4 + Y P 12.0
/] ¢ 3.2
- e 4.2
< 7 25.0
Insol. residue ............ccoiiiiiiins 2.1
A i i i e i e 2.225 (2.225% = 661 oz. per ton)

The slag gave analysis:

Per cent.
135 0 e 44.10
2 o 20.60
ALO; ittt i it 16.64
{07V o 2 e 5.28
22110 T 3.40
/A 11 0 9.10
CU ttvtieerennonosstosscsnsssnascsnsnosns 0.70
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The slag shows the silver to be too high for good work, but this
was due to the fact that I did a great deal of smelting with green
wood, and it was almost impossible to drive the charge as rapidly as
it should have been done at a time when the gases were coming off
freely. With dry mauta or pine wood, I was able to smelt at the
rate of 34 cord of wood per ton of charge, and to skim each charge
of 114, tons every 2 hr. and 30 min. The best we attained was 2 hr.,
7 min. With this small furnace I smelted over 1000 tons in four
months, and the furnace was in as good condition as at starting. It
could have been run for a long period with reasonable repairs. It was
abandoned for a larger furnace, with a 10 by 20-ft. hearth, built in
the same way, which was used intermittently for three years. I say
intermittently, because it was closed 7 times one season, and 9 times
another, on account of trouble in getting freighters to pack in the
wood, due to rains and to the Indian war in progress at that time
in the Yaqui district. I employed one American on each shift as
skimmer, and two Mexicans to fire the furnace, remove the slag and
ashes, and another Mexican to bring up the wood and to help put
the charge into the hopper.

In regions remote from transportation, where wood is abundant
and inexpensive to obtain, if the management will use nothing but
well seasoned dry wood, and have sufficient ore available for a long
campaign, the small reverberatory smelting furnace above described,
can be made to smelt between 10 and 15 tons per day of 24 hr., with
less than 34 cord of wood per ton where one-half of the charge is
hot caleine. Any intelligent person who will be careful of the
material used can make a silica-brick which will stand well in such
a furnace. 1 do not, of course, recommend wood where coal can be
obtained.

RECENT COPPER SMELTING
(Editorial, May 18, 1912.)

We are fortunate enough to be able to present this week a brief
account of copper smelting practice at the plant of the Compagnie
du Boleo, written by a well-informed engineer. This is interesting,
both because the company does not follow the common American
custom of allowing engineers free access to the plant and its records,
and because the working conditions are so exceptional. The slag
analysis, given by our correspondent, is unusual in its composition,
though not in its character. Assuming that the alumina acts en-
tirely as a base, and that manganese is equivalent to iron (the state-
ment of manganese as MnO, evidently being merely for analytical
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purposes), and computing the oxygen ratios, we find SiO,, 27.55;
ALO,, 8.45; FeO.MnO, 2.67; Ca0, 3.14; or an oxygen ratio of acid
to base of 27.55 to 14.26. The slag is evidently slightly more basic
than bisilicate, and since Mr. H, O. Hofman, in his admirable work
upon the formation temperatures of silicates, has shown that the
substitution of MnQO for FeO slightly raises the temperature of
slag formation, while Al,0,, when substituted for FeO and CaO,
lowers the temperature of slag formation until three-eighths of
those bases has been replaced, and then raises it rapidly, it is not
remarkable that the furnaces run with a high temperature in the
zone of fusion, a considerable degree of fluidity, and the rapid
separation of the high specific gravity matte. Slags high in
manganese are not uncommon, and Mr. J. A. Church has recorded
his experience in smelting silver-lead concentrate in Arizona, with
the formation of a satisfactory slag containing over 40% manganese.
Our correspondent employs a loose expression common among
metallurgists in speaking of slag containing a high percentage of
Si0,, as being necessarily an acid slag. Percentages depend upon
weight, while the acid or basic character of the slag depends upon
the molecular ratio of the acid to the basic constituents. If the
basic constituents have small atomic weights the same percentage
of silica which represents an acid slag would, with bases of large
atomic weights, represent a very basie slag.

The use of narrow long furnaces at this plant may be contrasted
with recent development of smelting practice at the Great Falls
plant of the Anaconda Copper Mining Co., where Messrs. A. E.
Wheeler, superintendent, and M. W. Krecji, metallurgist, under the
management of Mr. C. W, Goodale, have developed furnaces 84 in.
wide, the necessary blast penetration being secured, as in the iron
blast-furnace, by so proportioning the cross-section of the furnace
as to obtain a throttling action near the top of the shaft, thus caus-
ing the blast to spread throughout the smelting zone by pressure,
rather than by depending on the initial velocity of the blast to se-
cure penetration. The use of this design has permitted a lowering
of the blast-pressure to 20 or 25 oz, with campaigns a week long
without barring off crusts at the tuyeres. The wide furnace offers
less radiating surface than a long one, and where it is operated so
that barring down is minimized the resulting economy in heat re-
quirement is worth securing, and construction costs are lessened.

Even more notable are the converter records which have been
made at the Great Falls plant. The converters now in use are of
the Anaconda type, 12 ft. in diameter and provided with 26 tuyeres,
using blast at 11 or 12 pounds per square inch. These are lined
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with magnesia brick, and one converter has made over 7000 tons of
copper without relining, while an earlier type of converter, of the
same size but with only 15 tuyeres, has been in continuous opera-
tion since March 9, 1910, and has made over 12,000 tons of copper
from a 28.9% copper matte. Including cold seconds, about one ton
of cold material has been handled per ton of matte converted, so
that this converter has treated some 60,000 tons of material with
the one lining. This is a record of which the able metallurgists who
have made it may well be proud, and technical men generally may
ghare in their pride, since it is undoubtedly to a considerable degree
secured by the employment of a staff of technically trained young
men as investigators to study every operation and to plot records
and collect data, so that each day’s experience may serve as an in-
fallible guide to the solution of the problems of tomorrow. There
is no waste so regrettable as the waste of experience, and employ-
ment of trained minds is cheaper in the end than the cut and try
method with structural steel, labor, fuel, and valuable ore. We
hope later to be able to present details of some of the results thus
secured, and we take this opportunity to congratulate the metallur-
gists concerned as highly upon the methods employed as upon
the results obtained.

EL BOLEO SMELTING PRACTICE

By AN OcCASIONAL CORRESPONDENT
(May 18, 1912.)

The chief interest attaching to the copper-smelting methods at
the plant of the Compagnie du Boleo at Santa Rosalia, Baja Califor-
nia, results from the remarkably high percentages of silica and
alumina in the charge. It is doubtful whether any other smelter in
the world has continuously for long periods produced a slag averag-
ing approximately :

Per cent.
Silieca (S10,) . oiiitiiir i i e 52
Alumina (ALO;) .oiiiiiiii i i 18
Ferrous oxide (FeO) ..ovvvriinrniininie i ieniennieneaens 6-8
Manganese dioxide (MnO,) ..........cccoiiiiiiiiiiiiin, 4.6
Caleium oxide (Ca0) ...viiiiniriir ittt i 10-12

This unusual practice is due to the commercial necessity of dis-
pensing with costly Huxes. Although deposits of hematite, pyrrho-
tite, and, to some extent, of pyrite, are not uncommon in Baja Cali-
fornia and along the west coast of Mexico, they are generally un-
available for use at port smelters, owing to their inaecessibility, and
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also because of the low tenor in marketable metals characteristic of
the west Mexican ores. High-grade ores in that region have never
yet been developed in commercially important quantities. Hence
the fluxes which are known to exist would more than eat up the
value of the marketable metals in the smelting ores. At El Boleo,
for example, the average copper content in the charge lies round-
about 414%. It will readily be seen that the best California fluxes,
even if sold at prices barely covering the cost of mining and load-
ing, could not stand the charges of transportation by land and sea,
plus the cost of putting through the furnace, with an ore of such
grade, and the west Mexican fluxes would cost even more to move
to Santa Rosalia than the ferrous ores of California.

‘While full details of El Boleo practice, rendering possible so
brilliant an achievement as that attained by M. Michot, the mana-
ger, in reducing the FeO requirements to 6%, are not at hand, the
conditions are sufficiently well known to give to a metallurgist an
appreciation of the leading features.

The furnaces are of the most simple construction, measuring 12
ft. 6 in. by 3 ft. 6 in. inside, at tuyere-level. The water-jackets are
2 metres high, succeeded by 2 metres of brick shaft extending up
to the charging-floor. The feed-doors are about 4 ft. high, the iron
hood contracting above these to the chimney, from which latter the
down-take leads off to the dust-chambers and main chimney. The
furnaces are built with crucibles, and the settled matte is tapped
off at intervals. It was found economically impossible to employ
a forehearth on account of the rapid chilling of so acid a slag. A
curious feature of the slag-discharge is that it is allowed to flow
continuously from each end of the furnace through 4-in. slag-ports.
It would occur to a metallurgist at once that this would lead to
enrichment of the slag in copper. Actually the Boleo slags carry
not less than 0.5% Cu, which is above what the majority of smelters
elsewhere are willing to concede. The separation of the matte under
such circumstances must be extremely rapid, else the slag would
certainly carry much more than 0.5% Cu when drained from the
slag-line inside the furnace. This may be explained by the high
degree of fluidity imparted by the considerable quantity of manga-
nese, at the high temperature prevailing just below the fusion-zone
inside the furnace, but beyond doubt the high specific gravity of
the matte contributes to this result, its copper tenor being above
60%. and often more than 65%. In passing, it is of interest to note
that a premium of £2 per long ton is paid by the European refiners
for matte of this grade, owing to its desirability for mixing with
low-grade matte for blowing in the converter.



RECENT COPPER SMELTING 143

It will be noticed that the furnace is relatively narrow (42 in.),
that the column is relatively high (13 ft. 114 in.) and relatively long
(12 ft. 6 in.). The tuyeres are 12 in number on each side, and have
a diameter of 4 in. Thus conditions are favorable for a good air-
penetration at moderate pressure, the water-gauge actually reading
between 50 and 60 centimetres.

The furnaces are run very slowly, each of the ten in blast smelting
about 250 tons of charge per day. They are operated with a cool
top, which is partly due to the slow speed of smelting and partly
to the fact that the charge carries from 20 to 30% of moisture, the
evaporation of which lowers the temperature in the upper part of
the stack. Only a small part of the moisture contained is present as
combined water. The copper in the ore is almost wholly in the form
of chalcocite and covellite. The coke used amounts to about 12%
of the charge, and it is claimed that it is more perfectly burned to
carbon dioxide than is usual in copper-smelting praetice in Ameriea.

GROWTH OF REVERBERATORY SMELTING
(Editorial, July 16, 1910.)

Reverberatory smelting of copper ores is becoming more general
in this ecountry. The success attending the use of furnaces of this
type already in operation at Cananea has led to the building of an
additional furnace which will soon be placed in commission. The
practice is the result of demonstrated economies in operation. If
water-power were available the same commercial advantage would
not obtain. It is mainly because the waste heat can be utilized in the
development of power that the reverberatory shows marked economy
as contrasted with the blast-furnace. As shown in a recent article
published in these columns 0.77 barrel of oil is burned in the fire-box
for every ton of charge smelted. Of this amount only 0.33 barrel
is chargeable to actual smelting while 0.44 barrel represents recovery
in the form of steam generated in the boilers through which the flue-
gases are conducted. At Anaconda and Salt Lake a like warrant
for employing the reverberatories exists. An additional advantage
consists in the greater flexibility of the reverberatory in taking
care of sudden changes in the composition of the charge. The blast-
furnace needs to be operated with great uniformity in order to yield
the best results. Though it can be operated with wide variations in
the percentages of silica and bases it is not economical when sudden
changes occur. This statement may be debatable, but there is no
doubt that the reverberatory is less sensitive in this regard. The



144 RECENT COPPER SMELTING

reverberatory will successfully smelt fine ore and flue-dust, while
these materials when put into the blast-furnace produce an excessive
amount of flue-dust, and herein lies another reason for the rapid
growth in favor of the former type of furnace. The present situation
of the custom copper smelters inclines the balance in the same
direction. The quantity of concentrate offered is steadily increasing,
while smelting ores are becoming scarcer. Furthermore silicious ore
is not so abundant as formerly, because of the expansion of milling
and other forms of local treatment. Basic ores usually make con-
siderable fine material, and this is not adapted to the blast-furnace.
Thus the reverberatory finds a large field of usefulness, in spite of
the fact that it is more particularly applicable to charges of relatively
high silicious content. It is easier to secure a serviceable acid than
a basic fettling, and the dust from basic charges tends to corrode the
arch and walls. The utilization of highly silicious fine ore has been
suggested as a means of overcoming this difficulty, the plan being to
introduce a certain amount of such material at the beginning of
each charge so as to give the arch and walls a protective coating of
acid dust. Less basic dust would then adhere, and corrosion would
probably be lessened.

It is stated that the Garfield smelter near Salt Lake may soon be
using reverberatory furnaces almost exclusively. An addition to
this part of the plant is already being made. This is being done in
anticipation of the larger deliveries of concentrate from the Utah
Copper Co.’s mills that will follow the reconstruction of the mill
acquired from the Boston Consolidated. At the same time it is
noteworthy that other custom ores are not being offered in such
abundance to the Garfield smelter as to insure a supply sufficient for
its blast-furnace plant. The new copper smelter of the International
Smelting & Refining Co. in Pine Canyon contains five reverbera-
tories and no blast-furnaces. This is the first large plant to be con-
structed in America in which blast-furnace smelting plays no part.
The reverberatories at Pine Canyon are 102 ft. long, by 19 ft. wide,
and each will treat about 250 tons of charge per day. It will be
noted that the length of the furnace is less than that of the old
furnaces at Anaconda, and it is considered open to question whether
even this length is not greater than is actually required for economie
work. There is a limit of size beyond which no gain is experienced.
In the opinion of some experienced metallurgists no advantage is
obtained by making a reverberatory longer than 80 or 85 ft. The
smelting is finished at that distance from the fire-bridge, the re-
mainder of the hearth serving only to admit of further separation
of matte from the slag, and it is doubtful whether equally good re-
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sults might not be obtained in a shorter furnace. This would ap-
parently render it possible to recover a larger amount of heat from
the waste gases, and make the smelting costs proportionally less.
The Pine Canyon smelter, while built primarily to treat the ores of
the Highland Boy mines, will also do general custom work. This
makes all the more interesting the fact that no blast-furnace smelt-
ing will be attempted. All ores received will be crushed in the
sampling mill to a maximum size of 3 in. The crushing plant is
exceedingly compact, and contains Blake crushers and rolls ex-
clusively. The converter house contains one stand for each rever-
beratory, but it is doubtful whether more than two converters will
be required. The furnaces and converters are all connected to a
dust chamber 120 by 140 ft., and 40 ft. high, the roof being of brick
held by I-beams sustained by trusses on the outside, and further sup-
ported by steel columns surrounded by hollow masonry, the latter
serving partly to keep the columns cool and partly to draw air into
the tunnel beneath, where the dust will be dumped from hoppers into
cars. The draft will be induced by a stack 350 ft. high, 361, ft.
diameter at the base and 25 ft. at the top.

The present tendency is distinctly toward a more extended use
of the reverberatory furnace, and important developments in practice
are likely to follow. Modifications in size and in the lines of the
furnaces are to be anticipated, all having for an object the intro-
duction of higher economy. Conditions in this country do not favor
the adoption of the Mansfeld practice with tall blast-furnaces and
a closed top. By that means the waste gases may be utilized for
the development of power, and the dust losses are kept within
narrower limits. In America, however, ores suitable for smelting
under such conditions are not abundant, and the reverberatory
seems to offer a better solution of the problem where dependence
upon fuel instead of water-power is necessitated.
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DEVELOPMENT OF THE REVERBERATORY COPPER
SMELTING FURNACE

By E. P. MATHEWSON
(November 9, 1912.)

HISTORICAL

*The carly development of the reverberatory furnace for smelting
copper ores was the work of the Welsh smelters, particularly those
of Swansea. The first record of a reverberatory furnace is made by
Jars, who states that in 1765 copper smelting was effected in
reverberatory furnaces at Middleton-Tyas, in Yorkshire, England.
The first patent, of any importance, for improvements in reverbera-
tory furnaces was granted to Thomas Williams in 1778 for the
granulation of the regulus. The next was that of William Evetts,
in Shefficld, in 1812, for cooling of the fire-bridge by the admission
of air. Charge hoppers above the furnaces were in common use in
1348. The size of the hearth of the furnaces, about the beginning
of the nineteenth century, was commonly 11 by 8 feet.

No material development was made until the Welsh process was
brought to Colorado, where Richard Pearce, as manager of the
Argo works near Denver, developed the furnace to meet the require-
ments of a custom plant, under keen competition with lead-silver
smelting plants using blast-furnaces. His improvements are out-
lined in Fig. 19, elaborated by permission, from E. D. Peters’ ‘Mod-
ern Copper Smelting,’ to which the reader is referred for further de-
tails. This figure shows that the furnaces were, in 1878, 9 ft. 8 in.
by 15 ft. in hearth; and in 1894 16 by 35 ft., while the capacity of
the furnace had been increased from 12 tons per 24 hours to 50 tons.
The next step in development was made in Butte, Montana, by the
Ctolorado Smelting Co., this plant being at that time affiliated with
the Argo works, so that Mr. Pearce’s influence was apparent. This
was the lengthening of the hearth to 50 ft., with consequent increase
in capacity to 105 tons in 24 hours. The first furnace of this size,
built from the Colorado Smelting Co.’s plans, was constructed at
the Butte & Boston plant in Butte, Montana, in the year 1900. De-
tails of Montana practice, up to the year 1902, will be found in a
paper by H. O. Hofman entitled ‘Notes on the Metallurgy of Copper
of Montana,’ Trans A. 1. M. E,, Vol. XXXIV, pp. 258-316. The 50-
ft. furnace became very popular in Butte and Anaconda, and when

*A paper presented at the Eighth International Congress of Applied Chem-
i{stry, and reprinted by permission of the author.
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the Washoe smelter was built, in 1900-1902, the 50-ft. reverberatory
was adopted and 14 of these furnaces constructed.

The next improvement was the addition of limestone to the charge
of the caleciners so that it was thoroughly mixed into the charge be-
fore dropping the charge into the reverberatories. This apparently
insignificant change resulted in greatly increasing the capacity of
the furnace. The next step was the building of a furnace with a
60-ft. hearth, the results from which were so encouraging that a
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furnace with a hearth 85 ft. long was tried, with corresponding
increase in tonnage. Then the radical step was taken at the Washoe
plant of connecting two 50-ft. furnaces, making a single furnace
with a hearth 102 ft. long. The saving in fuel and the increased
tonnage caused the management to build a furnace with a hearth
116 ft. long. The results of these experiments are given in the fol-
lowing tabulation, compiled by William Wraith, superintendent of
the Washoe smelter:

EFFECT OF LENGTHENING REVERBERATORY FURNACES AT THE WASHOE SMELTER

Hearth areas of Tonnage per Ratio of cupreous

furnaces, ft. 24 hours. material to coal. Averages.

19 by 50 121.74 2.75 For 1 year
19 by 60 190.7 3.94 For 7 months:
19 by 85 234.1 4.13 For 7 months
19 by 102 264.9 4.31 For 4 years
19 by 112 : 267.1 4.30 For 4 years
19 by 116 270.1 4.19 For 4 years

The percentage of copper in the slags from the different furnaces
averaged as follows:

Hearth length. Copper.
Furnace. Feet. Period. %
No. 1 ..... Ceseaaiaaan 50 Sept. 1903-Mar., 1904 . 0.50
No. 6 ...... Cereseaeas 60 Mar.-Sept. 1904 0.44
}No. B 85 May-Dec. 1904 0.42
No.1 .oovvivennnnnn, . 102 Jan. 1906-May 1911 0.39
NOo. 4 ovvrviianennnnn 112 July 1906-May 1911 0.38
No.1 ......oent e 116 Jan. 1906-May 1911 0.36

The reverberatory furnaces as originally built at the Washoe
smelter had a hearth area of 19 by 50 ft. After some months of
operation it was decided that a longer furnace could be operated
to better advantage. To determine the length best suited to the
conditions one furnace was lengthened to 60 ft., another to 85 ft.,
another to 102 ft., another to 112 ft., and finally to 116 ft. in length.
The draft at the bridge wall was from 34 to 1 in. of water; the fire-
box area 7T by 16 ft. The coal used was from the Anaconda Copper
Mining Co.’s mines at Diamondville, Wyoming, having the fol-
lowing average proximate analysis and thermal value:

Analysis: H,0, 6.13% ; volatile matter, 36.28; fixed carbon, 45.42;
and ash, 12.17%.

Thermal value: Wet coal, 11,710 B.t.u.; dry coal, 12,390 B.t.u.

T"here was some variation in the quality of the coal, the ash rang-
ing from 6 to 16% and the thermal value from 10,750 to 12,000
Bt per pound of wet coal, or from 11,000 to 13,200 B.t.u. per
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coal. There is also some variation in material smelted
1lation by the different furnace crews.
ry furnaces in different localities present their own
d the lengths of furnaces will be found to be functions
f fuel, draft, tonnage to be smelted, and investment.
s time the Garfield plant of the American Smelters
). was being built near Salt Lake City, Utah, and for
irnaces with 100-ft. hearths were adopted. Then the plant
it, Arizona, of the Consolidated Arizona Smelting Co.
furnaces with 100-ft. hearths, using oil for fuel. The
int, at MeGill, Nevada, followed with five furnaces with
0 ft. long, coal-fired, changed to oil-firing in 1911. The

THE BARNCLD SMELTING CO,
CARFIELD UTAN,
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Fic. 20. ARRANGEMENT OF BOILERS AND FLUES AT GARFIELD.

Cananea Copper Co. put in one furnace with hearth 100 ft. long
for flue-dust in 1906, followed by a second in 1911. Experiments
were tried with coal-dust firing, but cheap oil being available, the
coal dust experiments were discontinued and oil substituted. The
reader is referred to L. D. Rickett’s article on experiments in
reverberatory practice at Cananea (Trans. Institution of Mining and
Metallurgy, Vol. XIX, p. 147).

The accompanying table A gives important data on the best modern
installations of reverberatory furnaces, and the table of analyses, B.
gives the details of the chemical composition of the charge, the slag.
the matte, and the fuel. The features that distinguish the modern
reverberatory are its length, solid bottom (monolith of fused quartz),
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TABLE B. ANALYSES OF MATERIALS UseEp AND PRODUCED.

'Copper.Silver. | Gold. | 510;. [Feand| ca0. | § | ALOy
Per Oz Per Oz. Per| Per Per | Per Per Per
Cent. | Ton. | Ton. | Cent. | Cent. | Cent. | Cent. | Cent.
9.:41 6.43 0.028 | 24.63 | 26.46 ; 3.50 7.34 5.2
6.43 2. 0.14 26.96 | 31.34 | 2.58 9.59 5.54
9.47 3.77  0.0236) 22.50 | 26.91 | 4.20 | 11.40 6.40
Charge 1200 | 3.5 [ 0.16 | 30.00 | 22.50 | 11.50 |10.50 |-4.50
Qteptoe (\lc(:m)
Coal-fired... 13.60 0.401 | 0.078 | 26.30 | 25.90 | 5.8 9.50 5.30
Oil-fired .. BERERT) 0.345 0.078 | 27.60 |, 24.10 | 5.40 9.30 6.90
Toocele .. w290 | 380 | 001 | 3050 3500 3.8 | 6.5 | ...
Anaconda . . 0.8 0.19 | 0.0006{ 39.68 | 32.83 | 4.62 0.91 7.03
Cananca ... 003 (L% 3 KO 37.44 ) 33.58 | 3.8 1.08 7.96
Great Falls........) 0.3 = 0,12 ' Trace.| 42.50 | 23.64 (1 11.60 | 048 . 9.40
Garfield. ............ | 0.45% | 0.08 ' Trace.[ 46.50 | 20.58 | 17.50 1.00 5.60
Slag | | | App'x
Steptoe (MeGill).. | |
Coal-fired.......... 0.45 | 0.06 0.0n5 | 40.20  28.90 [ 10.50 0.40 7.60
We | 0.2 | 0.007 | 42.00 25.90 | 10.90 0.0 8.00
0431 0.45 | 0.008 | 41.50 | 36.98| 4.00 | ... .| .o .
41.68 | 28.40 i 0.130 0.27 | 26.54 ce e | 25.76
(Inst.)
1.3 0.07 0.54 | 87.18 26.87
12.00 | 0.085 'Nodata 35.54 26.70
Matte 4 10.00 | 0.50 .o 27.60 26.00 | .
1.25 ! 0.2 0.70 | 29.00 25.10 H
0.91 1 0.22 0.50 | 29.10 24.9%0
2750 | 085 | 0.0 4300 — 26.50

e Converter-slag is poured into reverberatories at these plants, thus raising copper-assay.
as only 75 per cent. of copper in converter-slag is recovered.

Mois- | . ll’ixed l B.t.u. B.t.u.
"'C"‘"'Carbou. Ash. | hryy 1 (Wet))

Per Per ‘ l'er Per
Cent. | Cent | Cent. Cent. .|
6.13 36.28 | 15 42 12.17 | 12,390—| 11,710~

70 23.70 | 46.00 28.60 | Nodata.| 92—
00 49.40 | 46.40 6.20 | Nodata. ! 12,000—
00 39.10 | 51.50 7.40 | 13.000—| ...
00

18220—
38.00 [ 45.00 | 1100 | ..l .. i 11,500

Great Fulls.

Anaconda ...
Cananen ..
Fuel Garfield.. ....

8teptoe McGill
Oil-fired...

Per nm_ Per (?cnt: J Per
10.50 15.80 I 4

Per Cent. | Per Cent.
Gas—Great Falls. .. 13.70 57.80

structural steel plate forming the bridge-wall, frequent charging,
infrequent skimming of slag, the large body of molten matte re-
tained in the furnace to assist in melting and distributing the charge,
no leveling of charge by means of rabble; thick roof (15 to 20 in.
of silica brick) ; fettling only once a month in many plants, prac-
tically continuous operation; recovery of waste heat in the form of
steam; and, where coal is used for fuel, the recovery of the un-
burned coal from the ashes.

During the development of the reverberatory furnace to its
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present state of efficiency, a great many schemes were tried and
abandoned; for example, the pre-heating of the air by passing it
under the furnace bottom or around the walls of the flue or fire-box,
and forced blast under the grate. _

A great variety of fuel has been and is being used in reverbera-
tory practice; for example, at Kyshtim, Perm Government, Russia,
producer gas from wood is in use, with gratifying results. At this
plant the hearth of the furnace is about 35 ft. between ports and
15 ft. wide; the gas is made from pine wood and the moisture and
tar scrubbed from the gas before going to the furnace. The follow-
ing data, furnished by A. H. Allen, regarding the furnaces will be
of interest : :

Surface of air checker, 869 sq. m.; useful area, 688 sq. m.

Sectional area of air checker, 49 sq. m.

Surface of gas checker, 698 sq. m.; useful area, 559 sq. m.

Sectional area of gas checker, 46 sq. m.

Average gas analysis, per cent: CO,, 7.47; CO, 26.22; H, 83;
CH,, 5.86; C,H,, 0.79.

Analysis of products of combustion in stack, per cent: CO,, 12.2;
0,63; N, 71.5.

Pressure at reversing valve, 3 mm. water. Suction at stack, 25 mm.

Temperature of gas entering regenerator, 68°C.; temperature
entering stack, 385°C.

Average temperature of furnace, 1600°C. Maximum temperature
at ports, 2000°C. Temperature entering checker, 1300°C.

The charge was 'mainly flue-dust, but there was some green ore;
some silicious oxidized copper ore; some converter cleanings, ete.,
mixed with it. I cannot give the composition of the charge, but
90% of it was flue-dust and green fine. From January to Septem-
ber 1910 the furnace was in operation 166 days, with results as fol-
lows:

Amount smelted, tON8 ........cciitiieiiiiiireiitiirieitaitiaerans 10,690
Wood consumed in producers, COrds .........cceevreveenernncnnnanns 3,417
Matte produced, tOn8 ..........cciiiiiiiiiiiieiiiieiinaannn besenan 3,326
Contents of matte, tons of COPPEr ..........ceoeevvenvennsennes eeeee. 283
A838Y, %% CU .ouvvrirrnnrinerenenncnnenneanens e ereaeeieneena, e 8.5
Contents charge, copper, tON8 .........ccceeveevnnecsancnns peeeaaene 330.8
Average assay charge, % Cu ...........coiieiiiiiiiiiinan [P 3.1

The work is chiefly interesting for the extremely low fuel cost,
which has been verified by an experienced engineer mow on the
ground. -.Wood at Kyshtim cost $1.05 per cord delivered, so that
the average fuel cost, over the 9-months period, was 33.6c. per
short ton of charge. It results from the fact that the Russians in
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charge of the furnaces have had experience with gas-producers in
iron works and made a gas of high calorific power.

KyYSHTIM FLUE-DUST AND ORE ANALYSES

Sample taken from one month's production of flue-dust:

Per cent. Per cent.
SI0; ciiiiiiiiiiiiiii it 88 CU ..iviiiiiiiiiiiiiiiiinenann 3.3
Fe ...iiiiiiiiiiiiiiiiiiiiaen, 50.9 S ittt i, 9.6
Sample from 6000-ton pile of flue-dust:
Per cent. Per cent.
8i0, .......... Ceeeteeneeeaaa 89 Cu ....iiiiiiiiiiiiiiiiiiaa 3.3
Fe ittt 489 S ... iiieae 10.0
Cu, %
Sample one week’s production ..............cciiiiiiiiiiiiiiiieeaan, 3.38
Sample of large pile (weight not given) .............c..cciiiiienn. 3.2
Sample of large pile, made in 1907 ..........ccoiiiiiiiiiiinirnnennns 1.8
Average sample of raw ore used with flue-dust:
Per cent. . Per cent.
S0, tori it 21 8 ittt 47.0
Fe .o, 385 Cu ......iiiiiiiiiiiiiiiiaa, 3.2
CaQ .......... e eeeereeniea. 0.5

At Cananea, Texas oil has been used; and at Humboldt, fuel oil
from California. At the plant of the Steptoe company, at Me-
Gill, Nevada, fuel oil from California was introduced during 1911,
with gratifying results. A great many different varieties of burn-
ers were tried, but a simple home-made burner, using air for
atomizing the oil, has given the best results. A record performance
at the Steptoe plant, McGill, Nevada, on December 17, 1911, is
communicated by S. S. Sorensen, the superintendent, No. 1 furnace
smelting 660 tons of total charge on an oil consumption of 34 bbl.
of oil per ton of charge.

Recorp o8 RUN OF No. 1 REVERBERATORY FURNACE AND ANALYSES OF CHARGE.

Total charge per furnace day, tONS.........cooiivieerrnnenennnnnns 666
0il fired per furnace day, bbl........cviiiiiiiiiiinrienenrennnnnnes 421
Coal equivalent of ofl fired, tOnS......ccvviveveererernrennnnnnnss 124.00
Total charge per bbl. of ofl, tons.................... Cheeeeeeeanes 1.58
O], bbl. per ton of total ChArZe. .....coivrriiiieiiinrenennnennans 0.63
Equivalent gross coal as percentage of total charge................. 18.60
Components of Charge as Percentage of Total Charge.
CRICINE . ...evvvtirriiinteeaaae it et eieeateie e e aea e 60.1
SeCOMAB .......iiiiiii e e e et 16.8
Converter hot BlAZ ......oviunirinrieeenneeneennennnnenresnnnnnns 9.0
Fettling .......covviiiiiniiiinninncennnns tecacsncaensesrsatseaans 3.9
Limestone ......c.covviiiennireeeenenerenanneneonuonesnonnnennannns 9.6

Flue-dust ......ciiiiiiiiiiiinionerenieenesanecneorocesoseannnnnns 0.6
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SrLag (Assay z{nd Analysis)

U ittt ttieeeiie sttt aeetearonetaettncaoatacacsastatnonanennens 0.40
£ 5 L0 44.00
3 34.30
710 2 8.60
7 X 0 P 7.40
Oxygen ratlo ......c.coiiivieitneecninnrnancnns freteiteaeraenaen 2.72
Grade of matte, % CU .......ccoiiiiiiireieennnrnisnieneenennnnanns 40.40
Draft: : Water, in.
23 3 FC- 0.35
Throat ....cvvtiiieiiniiiieneinnneeesocaronassacnsnssscnsnsnas 0.83
1317 1.25

" Temperature of verb, degrees F..........ccvivreirnreennonnnnenenns 1910
Infusibility factor of calcine.......ccvvviiiiniinreinrennncneneonnns 1.5
Burners, large Steptoe, high-pressure..........ccccvviveieneeeenrans 7

At the Washoe plant, at Anaconda, coal is used for funel, and a
record run for one furnace was the smelting of 40214 tons of charge
in 24 hours with a fuel ratio of 1 ton of fuel to 6.45 tons of charge.
At Great Falls, Montana, the fuel is producer gas, but the producers
are too far away from the furnaces to get the best results; new fur-
naces are to be built at this plant in which the producers will be
placed in close proximity to the furnaces and a much greater effi-
ciency will be obtained.

The Canadian Copper Co. is experimenting with pulverized coal
as fuel, but the furnaces have not been in operation long enough to
give data of any great value. David H. Browne, the superintendent.
writes that he is greatly pleased with the performance of the fur-
naces up to date. The objections to the use of pulverized coal in
reverberatory practice have been the settling on the top of the
charge of ash and unburned fuel and the clogging of the flues with
aghes. The Canadian Copper Co. has a peculiar condition, in that
the charge is basie, and that the addition of silica, in the form of
coal-ash, is rather welcome than otherwise. To avoid the other
objection the coal is pulverized extremely fine, and the surplus ash
goes out with the gaseous products of combustion.

At nearly all modern plants, waste-heat boilers are employed.
Silica brick is used almost exclusively in the construction of the
lining and roof of the modern reverberatory furnaces for copper
smelting, and it is now possible to obtain silica brick, of excellent
quality, all over the United States at reasonable cost.
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COPPER SMELTING AT KYSHTIM

By V. P. ASSAEIEFF
(June 29, 1912.)

*Production of copper in Kyshtim began in 1907, but smelting
in appreciable uantities began only in 1908.. This was at the
Soimonoftfsky plant. It was subsequently determined to construct
a new copper-smelting plant on Karabasheffsky hill with large
water-jackets and converters, and also to build a large electrolytic
refinery at Lower Kyshtim. It was proposed to produce 400,000
poods of copper per year. In September 1911 I saw at Karabash
two new water-jacketed smelting furnaces, and a third similar
furnace is now being built, smelting 25,000 to 30,000 poods of ore
per 24 hours. The matte obtained is turned to blister copper in two
40-ton converters. At Nizhni Kyshtim the largest Russian electrolyt-
ic refinery has been built with a daily capacity of 1000 poods of
copper, to be almost doubled, it is said, by the installation of new
electric machinery. Just recently at Upper Kyshtim a Siemens’
regenerative furnace, 145 ft. long, has been built for smelting fine
ore and flue-dust.

Between the smelters and the mines a railway has been laid down,
and a locomotive (steam and clectric), electric cranes, and pneu-
matic lifts, are at work. The principal operations are as follows:
Karabash plant—

1. Pyrite smelting in large water-jacketed furnaces to matte with
25 to 35% Cu.
2. Converting the matte to blister copper in large converters.
Lower Kyshtim plant—
3. Refining blister copper and casting in anodes.
4. Electrolytic refining of copper and extraction of gold and
silver.
Further important operations carried on are:
Upper Kyshtim plant—
5. Smelting fine ore and dust in large Siemens’ regenerative
furnaces.
6. Smelting of poor matte in small water-jacketed furnaces.
7. Converting concentrated matte to blister in small converters.
The board is sparing no expense in the search for the required ore
reserves. The requirements will reach 90,000 to 100,000 poods per
day. On this 400,000 rubles have already been spent, and 300.000.-

*Translated by the Mining Journal from the Gorny Journal.
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000 poods of ore of 3% copper content have already been proved.
This year 200,000 rubles more will probably be spent, and five
diamond-drills, two for 500 and three for 1500-ft. holes, are now
" at work. Three more 1500-ft. outfits may be bought this year. Most
of the ore is now produced at the Konyuchovsky mine, then at the
Smirnoff and Tisoff mines. Fortunately there is abundance of flux-
ing quartz and limestone at Kyshtim. The quartz assays 92 to 96%
Si0,, and the limestone 53 to 54% CaO. The pyrite smelting is
done with very little coke, at most 1 to 114% of the mixture or 1.5
to 1.7% of the weight of the ore, so the annual consumption of coke
does not exceed 300,000 poods. It comes from south Russia, Eng-
land, and Germany, the cost being about the same. Wood is used
for the boilers and furnaces, but recently lignite from the Chelia-
binsk region is coming more into use.

Copper is now produced in the Karabash, Lower Kyshtim, and
Upper Kyshtim plants. The first plant was begun in 1909, and it
started full work in January 1911. The chief dimensions of the
furnaces are 22 ft. long, 414 ft. wide, and 19 ft. high. There are
52 tuyeres to a furnace, of which 47 to 48 are always in use; the
blowers are of about 600 hp. each, and give 30,000 to 35,000 cu. ft.
per minute, under a pressure of 6 to 8 in. mercury column. The
blast is cold, and 40,000 to 50,000 cu. ft. is used to 1 ton of mixture,
or 50,000 to 60,000 cu. ft. to 1 ton of ore. Gas and dust pass through
two wide flues. About 5000 poods of dust is extracted per day with
a content of 2.8 to 3.5% copper; thus about 50,000 poods of copper
(value 500,000 rubles) is recovered per year. The third furnace
(now building) will have the capacity of its dust-trap more than
double that of the others. '

The efficiency of the water-jacketed furnaces is as follows: The
mixture in July 1911 for both furnaces was ore 75%, quartz 15%,
limestone 5%, coke 1.25%. The quantity of mixture smelted was
2,040,276 poods, of which 1,512,397 poods was ore. The resulting
matte was 135,448 poods, dust 159,530 poods, and slack 1,282,620
poods. The average analysis of the matte was copper 26.53%, iron
41.4%, and sulphur 251%. The total of sulphur in the mixture
was 608.593 poods, of which 5.63% passed into the matte, 4.38% into
the slag, and 1.76% into the dust. The result is considered to have
been very satisfactory and to quite justify the expenditure involved
in construction of the plant.

To convert the matte into blister copper two Pierce-Smith 40-ton
converters are installed at Karabash. . From the quantity treated in
July 1911, 101,669 poods matte and 24,284 poods of copper was pro-
duced. The average copper content of the matte was 26.5%. The
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special laboratory at Karabash employs five chemists, who made
2500 assays last August.

The blister copper from the Karabash and Upper Kyshtim plants
is treated at the Lower Kyshtim electrolytic works. The blister
copper is smelted into anodes in regenerative furnaces with wood
gas, and the output is 2400 poods of copper re-smelted per 24 hours.
One cubic sagene of wood gives 425 poods of anodes averaging 99%
Cu.

The electrolytic plant is a large one-story building with 396 baths
of wood, lined inside with lead, 41.5 in. deep, 27 in. wide, and 68.5
in. long, in twelve series of three rows of eleven baths each. Each
bath contains 9 anodes and 10 cathodes; the former are now being
increased to 12. The current in the bath is 0.3 volts. The Upper
Kyshtim piant provides the current by gas engines. The electrolyte
consists of a solution of sulphate of copper and free sulphuric acid
—solution 1.2 sp. gr.—which is led into the bed of the baths and
rises up to be siphoned into subsequent series. Thanks to the
purity of the anodes, the electrolyte has not been changed since
starting the plant. The Upper Kyshtim plant is now an auxiliary
one. At Kyshtim there are millions of poods of fine ore besides the
millions of poods of dust from the furnaces, the annual production
of which, at Karabash, is calculated at 2,000,000 poods. To smelt
these and the fine ore a large Siemens-Martin furnace has been built.

WASTE HEAT BOILERS IN REVERBERATORY FURNACE
FLUES

By S. SEVERIN SORENSEN
(October 11, 1913.)

As there are probably few of those who are interested who are
also in a position to make comparisons of actual results between
two leading types of boilers when used to recover heat from the
flue gases of metallurgical smelting furnaces, the following notes
may be useful. _

The types here compared are the Stirling and the Babeock &
Wilcox. The former are very widely used for this special purpose
in copper smelters because of their large flue-gas area and small ob-
strnetion to draft. They are specified as class ‘S’ No. 19 and are
400 nominal boiler horsepower each. There are no baffles used in
setting, the gases only taking one curved pass through the tubes
before leaving.
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The Babcock & Wilcox are a specially designed pattern for this

particular installation, described by the makers asl;—_—;:— —10—D,
each having 4054 sq. ft. of heating surface. No baffles are used in
them either but their rows of tubes are staggered in respect to the
flow of the gases, which is not the case with the Stirlings. The lat-
ter have straight open passages between rows of tubes. This is
rendered necessary in order to provide means of getting their bent
tubes in and out for repairs.

The illustrations, Fig. 24a and 240, show the settings of the two
tvpes of boilers in elevation. Inserts A-A and B-B show the ar-
rangement of their tubes by cross-sections on planes parallel to the
flow of the bases. As far as constriction of the passage and cutting
down of draft goes there is a little in favor of the Stirling type.

Flo. 24a. STIRLING BOILER SETTING.
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When it is remembered that they were originally introdueed in coal
fired plants where draft is possibly both more essential and more
sensitive, one reason for the favor they have enjoyed is explained.
It will be noted that the Babcock & Wilcox tubes lie flatter than
the average of the Stirling bent tubes. The latter are 314 in. diame-
ter and the former 4 inch.

In the early days of this plant I was in favor of the Stirlings be-
cause they were so much more quickly accessible for cleaning,
having only four manholes to remove against 732 hand-holes, each.
of which had s gasket to be removed and renewed. It thus took
longer and cost more in direct charges for cleanings and repairs.
In addition to the direct labor and material charges there was the
extra time lost in the case of the Babcock & Wilcox boilers, which
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took longer than the Stirlings to clean. This extra time meant a
loss when the cleaning was not done within the time required for
repairs by its smelting furnace. So it looked like a walk-over
vietory for the Stirling type. For a long time this conclusion held
undisputed sway, for in the absence of data it was based on the
assumption of equal efficiencies of the two types. It was only after
separate meters for measuring the feed water to each battery of
boilers were obtained and comparisons of evaporative perform-
ances were made that it was seen that the Babeock & Wilcox were
giving a higher evaporative duty. At first I suspected the figures.
But having changed meters and checked results in various ways the
truth was borne in on me that the money was being put on the
wrong horse. For the higher evaporation obtained from the Bab-
cock & Wilcox boilers far more than compensates for the extra cost
and extra time lost in cleaning and repairing. In proof of this con-
clusion I append the figures on which it is based. They speak for
themselves. I may add that the meters are calibrated every month
at various rates by gauging in a measured tank, allowance being
made for temperature differences. From the meter readings a de-
duction is made for blow-downs which are made and automatically
recorded twice every 8-hour shift:

Babcock &
Wilcox.  Stirling.
Period covered in comparison, year..............c..... 1912 1912
Number of boiler repairs............c.cviviiiieienn. 11 23
Average cost of repair and cleaning per repair, opening,
cleaning, closing, testing.......................0 94.54 54.75
Material repairing ........... i iiiiiiiiiiiiiiiieeaas 22.81 7.58
Labor repairing .........cciiiiiiiiiitiienniiieaaenas 30.19 29.07
Material cleaning ........c.viviiiiiiiiennnnennnnanennn 24.63 3.94
B 7§ $172.17 $95.34
Average number of days in service.................... 83.50 88.40
Average number of days down, cleaning and repairing... 7.54 6.56
91.04 94.96
Time down as per cent total time..................... 8.28 6.93
Number of boiler repairs per 100 days.................. 1.10 1.056
Repair cost per 100 days..........coviiinireennnnennne $189.39 $100.69
Water evaporated by battery of two boilers per day, 1b.. 861,111 621,472
Average boiler horse-power ..........ccocivivenenennnn 520 375
Water evaporated in 100 days, less days lost cleaning and
repairing, 1b. ... .ottt ittt it 78,998,698 57,840,429
Evaporation lost during cleaning and repairs, 1b........ 7,112,802 4,306,803
Equivalent oil recovered at 14 lb. H.O per 1 1b. oil,
L0780 =) - R 16,793 13,203

Recovered, dollars ........cooeiviiiiiinneneeneann 27,708 21,785



RECENT COPPER SMELTING 163

Lost, DArTels .. ..vvviieriiiieinneenrocaneesonannan 1,512 917

Lost, dOllArs .......coviiieerrineiicnisnnsorncncans 2,494 1,612
Cost of repairing and cleaning per 100 days............ 189.39 100.69
Total loss and cost per 100 days........covvenvencnnnns 2,683.38 1,612.69
Net recovery in 100 days........ccieivennrnnenennnnens 25,024.61  20,172.31
Balance in favor of battery Babcock & Wilcox type, per

BODUM . itvvveecancesssasonronnsssosossssosasones 17,710.90

Other figures point to the same conclusion. For, with the same
assumptions and the same methods in testing, checking, and figuring,
the pounds of water evaporated from and at 212°F. per pound of
oil burned in the smelting furnaces was 3.315 for the Stirling boil-
ers as against 7.91 for the Babcock & Wilcox type. To show that
this was not due to deferred combustion favoring the boiler duty
at the expense of the furnace smelting through faulty firing it is
only necessary to state that for the same period the net oil per
ton solid charge for the furnace with the Babcock & Wilcox boilers
was only 77% that of the others with the Stirling. It is true the
former burned 5% more oil gross per tonr solid charge than the
others. This may be due to inferiority of the furnace. But it is evi-
dent from the above figures that it more than compensated for that
extravagance by its greater net efficiency. .

From an examination of the two settings as shown in the sectional
elevation in the illustrations it is evident that apart from the stag-
gered as opposed to the straight line setting of the tubes the Stirl-
ings lose by reason of the larger percentage of comparatively inef-
fective tube lengths. This might be improved both in front and at
the back where structural conditions and levels permit.. And on
the other hand the Babecock & Wilcox records for cost of cleaning
and repairing could be improved were the hand-hole joints of the
metal to metal type instead of being made up with fabric gaskets.

STIRLING v. BABCOCK & WILCOX BOILERS

(Discussion, November 29, 1913.)
The Editor:

Sir—The article on ‘Waste Heat Boilers in Reverberatory Furnace
Flues,” which you published in the October 11 issue, is a very in-
teresting example of partly calculated data. Mr. Sorensen has shown
clearly that a battery of 520 hp. will save, or lose, more money than
one of 375 hp. An analysis of his own figures will, however, disprove
some of his conclusions.

The following ‘per horse-power’ figures are taken out with a 5-in.
slide rule and so I do not claim great accuracy:
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The Stirling -boilers needed many repairs compared with the
others; it seems to be their only weak point, and, judging from my
memory of the work at Anaconda, Montana, it seems abnormal.
Unfortunately, the first cost of the two batteries of boilers, as in-
stalled, is not given, so no comparison can be made of the cost of
the power obtained upon a correct basis. Mr. Sorensen, however,
concludes with a balance of $17,710.90 in favor of the Babcock
boiler. This divided by 520 gives a profit of $34.20 per horse-power
vear. My analysis indicates that the Stirling boiler is worth about
$22 per horse-power year more than the Babcock. The difference
is large and is worth attention.

The Stirling is apparently a much smaller boiler than the other.
Probably the flue gases in the down-take behind the Stirling are
much hotter than behind the Babcock, showing that a larger boiler
could be used. :

Hervey GULICK.

Los Angeles, October 18.

STIRLING v. BABCOCK & WILCOX BOILERS

(Discussion, February 2], 1914.)
The Editor:

Sir—There are some calculations, the value of whose results
would not be one whit affected whether a 5-in. or a 5-mile slide
rule were used in working them out. If the assumptions and
premises are wrong, accuracy in the figures counts for naught. This
is the trouble with Mr. Gulick’s letter in your November 29 issue
on waste heat boilers in reverberatory furnace flues. It seems to
me ‘‘a very interesting example of partly’’ digested reading, and
of taking up the role of critic without making sure of one’s facts.

His ‘per horse-power’ figures mean nothing, or rather they are
quite misleading. The description of the boilers showed that they
were all of the same nominal horse-power, namely, 400, so the
evaporation duty of the two types under the given conditions of
service were approximately as 1.37 to 1 per unit of heating surface
for the B. & W. and Stirling types respectively. Moreover, the
proper unit for a basis of comparison is not the horse-power, but the
furnace. My notes were to show, and I still think do correctly
show, which of two types of boiler attached to similar smelting
furnaces saved most money per furnace under similar conditions,
over similar periods.

S. SEVERIN SGRENSEN.

Raneagua, Chile, January 5.
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COPPER SMELTING PRACTICE IN THE SOUTHWEST
(October 4, 1913.)
By THoMmAs T. READ

A concept which has proved useful to geologists is that of the
existence of petrographic provinces, or areas in which characteristic
and often related types of rocks occur and in which characteristic
minerals and mineral associations can be discerned. It therefore

F1a. 26. MAr oF ARIZONA.

fefiows that metallurgieal provinees can also be distinguished, since
deohonee of metallurgical methods employed in the treatment of
¢ hnoerea sy often decided by the characteristic minerals present

v o tone The states of Arizona and New Mexico, together with
nopants of Mexico, may thus be considered as roughly

v ol mctallurgieal provinee, especially if the inquiry

Weares of copper. Tn this area, in 1912, apvroximately
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one-third of the total copper output of the United States was pro-
duced, chietly from ores that exhibit many characteristies in com-
mon. It is natural, therefore, that the metallurgical methods em-
ployed should also exhibit common characteristics. It is not my
purpose to attempt to present here any profound research into the
fundamental relations between the climatie, topographie, geologic,
and economic conditions here prevailing, and their effects, as ex-
hibited in past and current practice, but rather to indicate in a
somewhat sketchy fashion only a few of their more salient features.
It will be impossible because of the limits of space to enter into any
discussion of the history of the area under discussion, and since this
has recently been admirably done by James Douglas®*, than whom
no one could speak with more authority, there is indeed no necessity
to make the attempt. These remarks are, therefore, based upon
present practice as it has crystallized in the light of years of ex-
perience.

Bounded by the Rocky Mountains on the east, and the Sierra
Nevada on the west, the region under discussion may be regarded
a8 in part a southward extension of the Colorado platean and in
part the northern portion of the Mexican plateau. The Colorado
river may indeed be considered to form its northern and western
houndary as it threads through its profound cafions in its course
from its headwaters in the Rocky Mountains to the Gulf of Califor-
nia. Though bordered by such a mighty river, the entire region is
arid, and in some parts a true desert. It will be remembered that
the prevailing westerly winds from the Pacific Ocean exhibit their
maximum force, with its resulting damp climate, from Juneau south
to San Francisco. South of San Francisco the coast sweeps away
eastward, while the trade winds swirl away to the south and finally
west. As a result, the climate of that part of the United States
lying south of 40°N. latitude and between the Sierra Nevada and
the eastern front of the Rocky Mountains is almost entirely arid.
This peculiarity not only affects the character of the ore deposits, as

altered by subaerial agencies, but by its effect in such important
" economic questions as food, water, and timber supply, and character
of population serves to determine in a marked degree many of the
salient features of the mineral industry. In its flora and fauna,
including in the latter its human population, this region differs in
many respects from every other part of the United States, with the
exception of the adjoining parts of California.

The copper deposits found in this region are, as might be expected.

*‘The Copper Queen Mines and Works,” Trans. Inst. Min. and Met., March
1913,
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characterized by outerops of oxide and carbonate minerals, Arizona
being famous for its specimens of malachite and azurite. At vary-
ing, but usually considerable depths, the oxidized minerals give
way to secondary and even primary sudphides. The orebodies
are of such multiformity and occur in such a variety of enclos-
ing rocks that no attempts at generalization would be useful.
These orebodies are commonly regarded as marked examples
of the concept that copper orebodies are typically marked by a sur-
face zone of oxidation, a succeeding zone of secondary enrichment,
and a bottom zone of primary ore. This conception, at first ex-
tremely valuable, is beginning to outlive its usefulness and remains
to hamper free thought. In a recent paper on the Bisbee deposits,
A. C. Notman employs the term ‘underground gossan’; surely a
most confusing name for an obscure concept. As a matter of fact
oxide minerals oceur both above and below the sulphides. Thus.
at the Chino mine, at Santa Rita, in New Mexico, the oxide ore in
places extends to 1100 ft. in depth, while sulphides occur close to
the surface and overlying the oxides.

Where the ores are rich enough to stand the cost, they are mined
by methods appropriate to the size and character of the deposit and
smelted directly. In the early work so small an amount of sulphide
was available that the oxides were smelted to yield black copper.
In practically every district enough sulphide ore is now available
to allow smelting with the formation of matte, and in many cases
a certain amount of sulphide has to be roasted, though in others the
charge balance, for blast-furnace smelting, is somewhat short of
sulphur. The tendency of present practice is toward concentration
ot the low-grade sulphides and leaching of the oxidized ore. More
thau a half dozen large concentrating plants are already at work.
but, with one exception, the leaching work has as yet not progressed
beyvond the experimental stage. Most significant in its probable
great importance is the experimental work with the flotation process
which is being carried on at the Inspiration mine. If the 600-ton
plaut now in course of construction proves as successful as the
eaperiments made with a 50-ton plant, it is unquestionable that '
profound changes in present practice in this district are to be ex-
peeted.

Theve ave now in operation in the district under review eleven im-
pottaut swelting plants, and preliminary plans for the construction
o0 a tweltth are well advanced. The El Paso smelting plant of the
\utctivau Smelting & Refining Co. is included in this list, since it
Foaws s stpply of copper ore chiefly from this area, though situated
 aorel s wargiug As typieal examples of the range of practice, the

.
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0Old Dominion smelter at Globe and the A. 8. & R. smelter at Hayden
may be cited. The ore supply of the former is lump ore, which is
smelted in blast-furnaces. At the Hayden plant all the ore is sub-
jected to preliminary wet concentration, the resulting concentrate
being roasted and smelted in oil-fired reverberatory furnaces.
Present conditions all tend toward an increase of reverberatory
smelting. The amount of ore of high enough grade to permit direct
smelting is limited, while, on the other hand, at the Chino 90,000,000
tons of concentrating ore has heen developed, at the Ray 84,000,000
tons, at Inspiration 45,000,000, and at Miami 21,000,000. It is
evident, therefore, that future tendencies will he toward an increase
of reverberatory smelting. L. D. Ricketts has given the cost of
reverberatory smelting at Cananea during the period from February
to July 1911, as $2.22 per ton, from which must be deducted $0.82
as a credit for the value of the steam generated by the heat recovered
in the waste-heat boilers, making the net smelting cost $1.40 per ton
smelted. Of the total amount thus smelted, one-third was flue-dust,
and the apparent cost of blast-furnace smelting must be increased
by an amount equivalent to the cost of smelting in the reverberatory
that excess of flue-dust produced in blast-furnace smelting as com-
pared with reverberatory smelting. The average milling cost at the
Chino last year was 58V4c. per ton, so that it is evident that the
field of milling and reverberatory smelting is likely to continue to
make inroads into that of direct smelting. With so much as an
introduction, I shall briefly describe each of the principal smelters
in this district, without going into detail exeept as to such features
as may be peculiar to that plant.

At El Paso the American Smelting & Refining Co. has recently
added copper smelting equipment to a plant which has for years
smelted lead ores. Two blast-furnaces, 40 by 144 in., smelt lump cus-
tom copper ore, derived from various parts of Arizona and New
Mexico, yielding a matte of about 45% copper which is blown to
blister in two Pierce-Smith converters; a newer 12-ft. Great Falls
converter not yet having been put into service at the time of my
visit. The main matte supply for the converter is derived from two
19 by 104-ft. reverberatory furnaces. These are oil-fired, but as this
method of firing is general practice throughout the area it will not
again be referred to except to give details of practice. Most of the
oil used for firing is obtained from the Mexican fields, though Texas
oil is also available, and has the advantage of not requiring as much
preheating, as it is lighter in specific gravity. The reverberatory
furnaces yield a 40% matte, the matte-fall amounting to about 30%
of the charge, each furnace handling about 300 tons per day. The
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" capacity is somewhat in excess of this, but was limited at the time
of my visit by the capacity of the roasting plant. This consists of
three 4-hearth Wedge furnaces, 221 ft. outside diameter, and two
more are in course of erection. These furnaces are designed to
handle 100 tons each per day, but are being operated at a capacity
of 130 to 150 tons each per day. It was originally expected that

. the average sulphur content of the Chino concentrate would not be
so high as to require much sulphur elimination, and that roasting
of only part of the total tonnage would be required. In actual ex-
perience it was found that the sulphur content ranged between 12
and 22%, according to the part of the ore deposit from which the
mill feed is obtained ; the necessity of directing the steam-shovels so
as to carry on development work in the most efficient manner, mak-
ing it impracticable to control the mill feed. Running a Wedge
furnace at so much in excess of its intended capacity makes it im-
possible to completely dry the concentrate upon the top hearth. It
therefore passes through the slot upon the third hearth in a some-
what sticky state, and in order to cause it to pass freely it was
necessary to remove the distributer plate. This causes the concen-
trate to pile up on the third hearth, and from time to time coarse
fragments roll between the central cylinder and the hearth ring,
much to the disadvantage of the latter. Various small alterations
have been made to minimize this and other minor troubles, but it is
on the whole remarkable that a roasting furnace can be pushed so
far beyond its designed capacity with comparatively little alteration
beyond the use of an additional burner on the second hearth. This
plant is under the direction of Kuno Doerr, general manager; J. J.
Ormsbee, superintendent; H. F. Easter, assistant superintendent;
and A. F. McCormack, assistant superintendent of the copper de-
partment. '

The next smelting plant, proceeding to the west, is that of the
Arizona Copper Co. at Clifton, Arizona. This is at the end of a
rather long branch railway line, owned by the Company, which con-
nects with the Union Pacific at Lordsburg, New Mexico. This is an
old plant, shortly to be abandoned, which excites interest chiefly by
the ingenuity which has been expended in compressing it into a
narrow and inconvenient site at the junction of Chase creek and the
San Francisco river, the boilers for steam supply being scattered

“about in niches between other equipment. It is also unique as to its
chimney, which consists of a shaft, or winze, to the top of the near-
by mountain. The experiment is one not likely to be repeated, since
stich a chimney defies attempts to repair or enlarge it. A new plant
has been designed by Repath & MeGregor, under the direction of



RECENT COPPER SMELTING 171

L. D. Ricketts, consulting engineer to the Company, and is already
partly constructed, the site being farther down the San Francisco
river, where ample dump room is available. The reverberatory fur-
naces will be 22 by 100 ft., space being provided for three such
and for eight 2114-ft. Herreshoff roasters. This plant is similar
in its design to the new plant of the Calumet & Arizona, which will
be described more fully later.

An especially interesting feature of the work at the old plant is
the leaching of oxidized copper ore with sulphuric acid. The acid.
of 52°B. specific gravity, is made at the plant from pyrite obtained
from one of the Company’s mines. The jig tailing from milling
operations, containing 2 to 2%% copper, 0.4% S, 60% Si0,, and
16% Al,O,, is charged into vats and leached for 12 hours, the solu-
tions being so managed that the first strong solution contains very
little free acid, and, after decanting, its copper content is preeipi-
tated by passing it through a trommel filled with seraps of wrought
iron and steel. The precipitated solution then goes to waste, and
the wash water used in the vats is strengthened by the addition of
acid to yield fresh leaching solution. This method can only be used
on ore which is high as SiO,, otherwise the loss of acid through the
formation of Al,SO, and FeSO, becomes prohibitive. The acid con-
sumed in leaching is given as 21% 1b. per pound copper recovered.
Allowing for the cost of the iron used for precipitation and labor
there can be no great profit on the operation except as an adjunct.
to the wet concentration of ores of suitable composition. This Com-
pany is under the direction of Norman Carmichael.

Just across the river from the new Arizona Copper plant is the
mill and smelter of the Shannon Copper Co. This consists of two
blast-furnaces 42 in. by 15 ft. and one 44 in. by 30 ft., the latter
handling about 700 tons of charge per day. These furnaces are pro-
vided with cast steel crucibles, which have given trouble by cracking.
Pyrite is brought from Gleason, Arizona, to yield the sulphur re-
quired for the formation of matte. About 500 tons per day of the
ore-supply contains no sulphides and is smelted directly; the re-
mainder, 300 tons per day, is concentrated 10 into 1. The fine con-
centrate is then dewatered and mixed with flue-dust before charging
into the blast-furnaces. Two small stands of acid-lined converters
are sufficient to handle all the matte produced. This plant is under
the management of J. O. Bennie, who deserves the greatest credit
for the skill with which he has brought into shape a rather unsatis-
factory plant and a mine which is on the border line of profit. Mr.
Bennie has carried on an extensive series of leaching experiments;
the general method of attack being roasting in specially constructed
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heaps, the progress of the operation being so controlled as to com-
pletely convert the copper into the sulphate, and to avoid the forma-
tion of ferric sulphate, as this consumes iron in the subsequent preci-
pitation of the copper. No details of results obtained have been re-
leased for publication, but the method seems to offer mueh of
promise. The experimental work is exceedingly tedious, as the
time required to build and burn the heaps is great.

At Morenei, a few miles to the west of Clifton, but at a considera-
bly higher elevation, is the smelting plant of the Detroit Copper
Mining Co. This presents a number of features of interest; for
example, the smelting of concentrate in blast-furnaces. All the
mine ore is milled and the only lump ore smelted is that produced
by lessees. Smelting is now done in a 42 in. by 22-ft. blast-furnace,
which is driven slowly, smelting 350 tons per day. The concentrate
contains 15 to 17% copper and 15% SiO,; about 50 tons per day of
limestone is used as flux. The slag contains 7.2% Al,O, and 2%
MgO, and the matte, of which 60 to 70 tons per day is produced. con-
tains 42% copper. It is thus seen that a high degree of desulphuri-
zation must be maintained. The tonnage to be handled is too small
to justify building reverberatory furnaces. It is planned to build a
83-ft. furnace which will smelt even more slowly, the idea being not
to increase the desulphurization, but to cut down the dust losses. It
would seem, on the face of the matter, that this end might be better
obtained by first sintering the concentrate upon Dwight & Lloyd
machines, but careful study of the local problems was made by the
management, and it is safe to assume that the methods employed
have only been adopted after due consideration. Converting is now
done in acid-lined shells, but a Great Falls converter will perhaps
be built, largely for the purpose of decreasing the amount of seconds
to be rehandled. Another interesting feature of practice here is the
ase of Crossley and American Crossley gas engines for power supply.
The gas is generated from bituminous coal, obtained from Dawson,
New Mexico, in a Loomis generator. This is at the mine and the
gas is brought to the smelter in pipes which sometimes give trouble
i cold weather, due to freezing. The smelter is provided with
vound steel bins, which were built some years ago, and must be
among the first bins of this type ever built. A. T. Thomson is mana-
ger of this plant, and E. W. Honeyman is superintendent.

The Old Dominion smelter, at Globe, is at the end of a 125-mile
oranch of the Southern Pacific, the Arizona Eastern, which connects
with the main line at Bowie. At this smelting plant there are six
blast-furnaces, of which three or four are usually in use. All, except
one, are 48 in. by 1614 ft., the exception being 1914 ft. long. An
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average daily tonnage of 325 per furnace is smelted. The smelting
column is about 12 ft. high and 22 oz. blast pressure is used, with
a coke percentage of 12.6. These features are due to the shortage
of sulphur on the smelting charge, it being necessary to bring
sulphide ore from Bisbee to make up the deficiency. The flue-dust
made amounts to about 814% of the tonnage smelted ; this is drawn
from the chambers and shipped to Douglas for smelting in the

Fi16. 26. OLp DOMINION SMELTER.

reverberatory furnaces. The matte averages 44% Cu and is han-
dled by an 8-ft. Great Falls converter. This type of converter is in
common use in the district, as its form, a vertical cylinder, offers
obvious mechanical advantages over the horizontal cylinder of the
Pierce-Smith converter. Since the basie lining is expected to main-
tain itself over a long period it should be of such a shape as to offer
the maximum of strength with the minimum of exposed surface.
Part of the tonnage smelted at this plant is lump ore, and part con-
centrate ; about 500 tons of ore per day being concentrated 4 into 1.
The relative proportion of concentrate to lump ore in the furnace
is 1 to 4. P. G. Beckett is manager and L. O. Howard smelter
superintendent.

A short distance to the west the Miami is milling all its ore and
shipping its concentrate over 200 miles, to Cananea. The Miami
ore is also short of sulphur and the Old Dominion company, which
has been involved in litigation for many years, apparently does not
care to undertake the construction of a reverberatory plant for the
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handling of custom ore. As within a eomparatively short time the
Inspiration, which adjoins the Miami, expeets to be producing con-
centrate from an 8000-ton mill, the International Smelting & Refin-
ing Co. will shortly undertake the construction of a new smelter at
Burch, halfway between Globe and Miami, to consist of roasting and
reverberatory smelting equipment.

About 20 miles directly south, but across a range of mountains, is
the ITayden smelter of the A. S. & R. Co. This was recently built
to handle the concentrate from the Ray Consolidated Copper Co.,
which it directly adjoins. The wet concentrate brought in railway
cars, is allowed to dry as much as possible, then is sampled, dropped

F1a. 27. CONVERTER STAND, CALUMET & ARIZONA SMELTER.

into bins, and when wanted for smelting is drawn out upon belts,
which discharge into the MeDougall roasters. Of these, five are
24-ft. and have 5 hearths, and three are 19-ft. and are 6-hearth
furnaces. The concentrate contains 24% sulphur, and it is neces-
sary to burn a little oil from time to time, on account of the high
moisture. Each McDougall handles about 90 tons, the top of one
5-hearth roaster being used for drying. The reverberatory furnaces
are 19 by 112 ft., and smelt about 350 tons per day each, including
seconds, with a consumption of 0.8 to 0.9 bbl. il per ton smelted.
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'The steam recovered in the waste-heat boilers (Stirling) goes to the
main power-plant, and suffices to meet all the power requirements
of the smelter, with a substantial excess. The matte-fall amounts
to about 25 to 409% matte. This is blown to blister in either one of
two Pierce-Smith converters or in one 12-ft. Great Falls type con-
verter. Slime concentrate is used for fettling the furnace. The
blister is poured into an oil-fired receiving vessel in order to keep
it hot while pouring the anodes. This smelter would naturally be the
one for handling the Miami and Inspiration concentrate, but in
order to get over the intervening short distance, several hundred
miles of railway haul would be necessary. A short line connecting
Winkelman with a point on the line from Bowie to Globe would
form a short and convenient connection, but as the line would have
to traverse the site reserved for a dam in a future government re-
clamation project there is but little likelihood that it will ever be
built. J. B. Haggie is superintendent of this plant.

At Douglas, which is on the border line between the United States
and Mexico, there are two smelting plants. The new plant of the
Calumet & Arizona, which was designed by Repath & McGregor
under the direction of J. C. Greenway and L. D. Ricketts, embodies
all the important features of the New Arizona Copper Co. smelter
and also that of the United Verde, at Jerome, therefore I shall
describe it at some length. The blast-furnaces, of which there are
two, are 48 in. by 40 ft. and are designed for the maximum conven-
ience in charging and tapping. The ore from the beds is drawn out
upon a series of belts, which in turn discharge upon a main belt
which elevates the ore, fuel, and flux to the bins above the blast-
furnaces. Each furnace is provided with four charging cars, each
20 ft. long, which rest upon track scales beneath charging hoppers,
which are filled by belts provided with distributers, running between
the pairs of hoppers. When the charge-car is filled, it only requires
to be moved a short distance forward in order to discharge directly
into the furnaces. The estimated capacity of these furnaces is 800
tons each per day. The settlers are oval in shape, the matte being
tapped directly into pots set in the main crane aisle, the slag being
drawn off into large pots and hauled by an electric locomotive to the
slag dump. The reverberatory furnaces, of which there are four,
with space for a fifth, are 19 by 100 ft., and present no special
features beyond the convenience of their arrangement with respect
to the rest of the plant. The caleine is brought directly over the
charge hoppers in cars from the roaster. The converter slag is
poured by the crane directly in at the feed end. and fettling and
fluxing material, brought up by the same belt which elevates the
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lump ore, is drawn about as desired in small cars. Of converters,
six stands of 12-ft. Great Falls type are provided.

The converter flue is hung directly upon the frame of the building
and a hopper for the silicious addition is placed immediately above,
delivering the silicious material directly through a chute into the con-
verter, without its being necessary to move the shell from its normal
blowing position. These bins are filled by a conveyor, thus relieving

F16. 28. AutoMATIic CoPPER INGOT MoLD, COPPER QUEEN SMELTER.

the crane of much work, so that one is able to serve the whole main
aisle. Two casting machines of the Anaconda type will be pro-
vided, one at each end of the main aisle. In order to eliminate
labor in breaking up skulls, a heavy steel plate with 8-in. holes is
placed beneath a miniature pile-driver; as fast as the material is
sufficiently reduced in size it falls through the plate into a hopper
below. For roasting concentrate, twelve 2114-ft. Herreshoff air-
cooled roasters are provided. These have six hearths and the roof
is also used for preliminary drying. These as well as the furnaces
are provided with dust flues hung in a stecl frame, and with hottoms
made from hollow tile. As this tile is manufactured at El Paso,
steel plates will be substituted for it at Jerome, on account of the
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relative freight cost. The gases are distributed throughout the
settling chamber by a row of flat bands, hung near the entrance; by
sliding these the gases can be uniformly distributed over the whole
cross-section. At the middle of the dust chamber a 20-ft. section is
hung with No. 10 wires suspended from the roof. The plant has been
designed to secure a maximum of capacity with a minimum of labor
and equipment, thereby attaining low operating costs. The success
of such an arrangement is largely dependent upon an accurate fore-
knowledge of the conditions to be met, and the whole forms an
-excellent example of advanced modern practice. J. C. Greenway is
manager.

The other plant at Douglas is that of the Copper Queen company,
built about ten years ago, and exhibiting characteristic differences
from the plant just described. The most marked of these is in the
bedding system employed. Long stalls, 21 car lengths long and 50
ft. wide, are provided with tracks upon the bottom for reclaiming,
and tracks at a higher elevation on each side. Converter slag is
placed on the bottom, lump ore is distributed over the top, and a
small amount of concentrate is intermixed. About two days after
a bed is completed, reclaiming of it is begun, using small steam-
shovels for the purpose. The total storage capacity is 100,000 tons.
The cost of reclaiming is given as 3c. per ton, 9 days being required
to exhaust a bed. This ore is smelted in ten blast-furnaces, five of
which are 20 ft. long and the others 18. The larger furnaces smelt
about 360 tons per day each, using 30 oz. blast pressure, and making
a 40% matte. The smelting charge is rather high in alumina, yield-
ing a somewhat viscous slag.

"The flue-dust and roasted concentrate from the. Nacozari mines
is smelted in two reverberatory furnaces, 19 by 95 ft., which handle
about 300 tons per day each, using 0.86 bbl. of California crude oil
per ton smelted. This plant is unusual in that Erie boilers, instead
of the usual Stirling, are used to recover the waste heat of the
reverberatories. As the result of extended experience the mechanical
engineer of the plant reports that these boilers are of almost equal
cfficiency, lower first cost, and are easier to clean. The usual diffi-
culty experienced with the Erie boiler is that it primes badly when
it is forced, and a waste-heat boiler usually works under a heavy
overload. The draft pressure on one reverberatory is 0.5 in. and on
the other 0.3 in., the difference being due to a fuel economizer placed
after the waste-heat boiler in the seeond. Better results are obtained
with a higher draft pressure, but may be due in part at least to the
fact that this furnace has been in operation for a longer period. It
was necessary to raise the roof of these furnaces in order to give
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more combustion space, and it may be expected therefore that the
22-ft. reverberatory at the New Arizona Copper Co. plant will give
somewhat better results than a narrower furnace. The necessity for
ample space to ensure the proper combustion of a liquid fuel has
been discussed at some length in recent issues of the Mining and
Scientific Press and need not be further referred to here. This plant
is under the general direction of Walter Douglas. S. W. French is
manager, and Frank Rutherford superintendent.

The smelting plant at Cananea, a short distance south of the
Mexican border, may be regarded as the type of the district, since
it is here, under the direction of L. D. Ricketts, that the methods and
equipment have been developed which are embodied in the newer
plants now under construction or recently completed. The lump ore
is smelted in eight blast-furnaces, 48 by 210 in., with a height of
charge above the tuyeres of 7 ft. and using 26 oz. blast pressure.
Each furnace smelts about 300 tons per day, using 9% of coke. and
vield flue-dust amounting to about 10% of the charge. The material
charged to these furnaces consists of lump ore, some custom ore.
converter slag, and about two-thirds of the total amount of concen-
trate made in the Cananea mills, 600 tons per day in all. The
charge is delivered into bins placed above the charge floor, and is
run directly into the furnaces through chutes. The system of
bedding for mixing the charge has been described in detail by M. J.
Elsing, and will not be further referred to here.

The Cananea concentrate carries 30 to 35% sudphur and is roasted
in 6-hearth 18-ft. McDougall furnaces, 10 being provided and 6 in
use. The sulphur content is reduced to 6 to 7%, each roaster hand-
ling about 40 tons per day. The calcine and about 75 tons per day
of raw Miami concentrate are smelted in two 19 by 100-ft. rever-
beratory furnaces which handle 260 to 275 tons per day each. The
fuel used is California crude oil, less than 0.8 bbl. per ton smelted
being required, having been reduced to that figure from 0.9 bbl. The
oil is heated by a steam coil in a tank and is injected by air at 13 1b.
pressure, the former burners which used both air and steam for
injection having been discarded. Air for combustion is admitted
through a checkerwork of brick above the burners, this arrangement
producing a more even distribution of heat throughout the furnace.
The Miami concentrate, still wet, is dropped against the walls to
serve as fettling, and is bhetter for this purpose than silicious ore,
which is likely to produce ‘floaters.” This concentrate only carries
about 21% S in its raw state.

The remainder of the Miami concentrate, which amounts to 125
tons per day in all, is blown into the converters by use of an ingenjous
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blow-pipe. Three 12-ft. Great Falls converters are in use, and three
more are under construction. The matte to be handled amounts to
400 to 500 tons per day, yielding about 150 tons of blister copper.
The concentrate is first dried and in the course of the blow a certain
amount of it is blown through the tuyeres, one at a time, in order to
prevent local chilling. In this way 50 tons per day of concentrate is
smelted, its silica content serving to displace a corresponding amount
of silicious material which would otherwise require to be introduced
through the mouth. The two reverberatories are provided with
eight waste-heat boilers, three being 250 hp. each, two 225 hp., and
three 200 hp. These yield about 1000 hp., the remainder of the
power being furnished by a battery of oil-fired boilers. With ad-
mirable foresight the tailing from the milling plant has been im-
pounded behind sand dams, looking forward to a time when it will
be possible to recover a further part of its copper content.

At Jerome is the smelting plant of the United Verde. The old
plant is just in process of being abandoned and a new plant is under
construction. This will not differ materially from the new Calumet
& Arizona plant, except that Wedge furnaces will be used for roast-
ing. At Humboldt is the smelting plant of the Consolidated Arizona.
This consists of blast and reverberatory furnaces, only part of the
equipment now in use. I have not seen this plant, which is now
practically shut down, pending changes in practice. Animportant pro-
ject which has not yet reached the construction stage is the Ajo or New
Cornelia property, which has been acquired by the Calumet & Arizo-
na, after extensive drilling operations had disclosed the existence of
large reserves of oxidized ore. Plans for working have not yet been
fully matured, but it has been proposed to leach the ore with sul-
phuric acid. The resulting copper sulphate solution will be preci-
pitated by metallic iron. The manufacture of sulphuric acid is
rather expensive, however, and the consumption of iron so high that
even with cheap iron the process is likely to be somewhat expensive.
The process is being studied with care.

The range of ore to be handled in this district may be indicated
on the one hand by the Cananea blast-furnace practice, with the
elimination of 70% of the sulphur in the charge and the production
of a 339 matte, and the Miami concentrate, which contains about
35% copper and 21% sulphur. The tendency toward increasing use
of reverberatory smelting is not only due to the increasing amount
of fine concentrate to be handled, but also because many of the
lower-grade deposits are too low in sulphur for the formation of a
satisfactory matte. The net cost of reverberatory smelting has been
lowered to a point where, in many cases, it is better at once to smelt
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in reverberatory furnaces, rather than to attempt to handle much
concentrate in the blast-furnaces, with the inevitable rehandling of
a considerable part of it as flue dust. For roasting, both the water-
cooled Wedge furnace and the air-cooled Herreshoff are coming into
use, as more satisfactory from a mechanical standpoint than the
ordinary McDougall. The Great Falls type of converter has come in-
to common use, the longer life of the basic lining leading to lower
costs, especially through the greatly decreased handling of seconds.
Thus at Cananea it is hoped that much of the converter slag can be
poured directly into the settlers of the blast-furnace, instead of re-
quiring smelting. Sweeping changes in present practice are likely
to result from the experimental work now being done on the use
of flotation for the recovery of concentrate and of leaching processes
for the recovery of copper. But through the similarity of general
conditions which govern smelting operations in the territory which
has been deseribed, it is likely that smelting practice in the area will
continue to exhibit eertain characteristic common features.

THE SMELTING PLANT OF THE CANANEA CONSOLIDATED
COPPER COMPANY
By ArTHUR C. CoLE

The following is a general description of the equipment and
essential points of practice of the Cananea Consolidated Copper Co.’s
smelter at the beginning of 1914. The plant is at Cananea, in the
state of Sonora, Mexico. It is illustrated by the general low-sheet,
Fig. 30.

Receiving Bins.—All ore, concentrate, Hux, and secondaries for
blast-furnace treatment are weighed on track scales and then
dropped into the main receiving bins from self-dumping, steel, nar-
row-gauge railroad cars which contain 20 to 30 tons each, aceord- -
ing to material. The bin system consists of 11 wooden bins and 8
steel bins, having a gross capacity of approximately 3000 tons. From
the receiving bins the ore is discharged through a movable hopper,
dropped upon a 30-in. conveyor belt and delivered to a 24 by 36-in.
Farrel crusher, which crushes the material to about 4 in. maximum
size. Then one-tenth of the entire stream is eut by a Vezin cutter,
and passes through a 10 by 20-in. Cananea type crusher; then one-
tenth of this is cut and passes through a Gates gyratory erusher;
then one-fifth, which passes through a set of 17 by 27-in. rolls. The
final sample is then cut, amounting to about 1/4000 part of the
original material. The final sample is quartered down, dried, and
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prepared in the bucking room for the laboratory. All material,

except coneentrate, which is hand-sampled. is sampled in this man-

ner. After the sample is cut, the reject is elevated back to the main
belts, and joins the main stream of ore on its way to the spreading
beds. :

Here the ore is distributed over the entire length of the bed by
means of an automatic traveling tripper on the delivering belt.
The bed thus formed covers an area 450 ft. long by about 50 ft. wide
and, when completed, reaches a height of about 18 ft. in the centre
line. The bedding system is of steel construction and contains three
ore-beds of 8300 to 9000 tons capacity each. Each class of material
is distributed up and down the length of 450 ft. in continuous

" layers, one on top of the other, and is run out in lots of 100 to 200
tons at the rate of about 300 tons per hour. The weight and assay
of each lot of material bedded is reported to the office, where the
bed records are kept; the actual contents are calculated, so that upon
the completion of a bed, there is available a self-fluxing mixture of
known composition, ready for the blast-furnace.

Reclaiming.—The completed bed is reclaimed by means of a speciai
machine, which advances into the face of the pile. A perfeet cross
section is removed by means of a harrow, which rests on the face of
the pile at an angle of about 60°. This harrow has a reciprocating
motion of about 18 in., thereby raking down the face of the pile into
a scraper conveyor which removes the ore to a belt conveyor. and
from there it passes on to the blast-furnace bins. The reelaiming
machine has a capacity of about 175 tons per hour. There are two
of these machines, one working at a time.

Blast-Furnaces.—The blast-furnace building is of steel construet-
ion, 33 by 312 ft., and contains eight furnaces. Charges are dropped
by gravity, from the Th-ton steel bins above, into measuring hop-
pers of 2000 to 2200 1b. each. There are five hoppers to each furnace,
and they are discharged direct by means of an arch gate. The
coke bins are placed at the west end of the blast-furnace building.
and have a capacity of about 3000 tons. Coke charges are wheeled
in barrows to the furnace and shoveled in. The blast-furnaces are
48 by 210 in. at the tuyeres, at the top they measure 5 ft. 2 in. by
7 ft. at the inner edge of the jacket, and 7 by 17 ft. from the side
of the hopper at the feed floor. They are 11 ft. 11 in. high from the
top of the base plate of the inner edge of the jacket and 13 ft. 6 in.
to the top of the hopper. Each furnace has six jackets on each side
2 ft. 11 in. by 12 ft. 634 in. and two right-hand and two left-hand
jackets on the ends 9 ft. 71/ in. high and 2 ft. 6 in. wide at the bottom
by 3 ft. 1 in. wide at the top. The jackets are made of 54-in. steel
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plate on the inside and 34-in. on the outside, and have a 5-in. water
space. There are three tuyeres of 5 in. diameter to each jacket.
There are four settlers 10 ft. 5 in. by 19 ft., inside of the chrome
brick lining, each serving two furnaces. The slag overflows con-
tinuously into self-dumping slag cars of 45 cu. ft. capacity. Trains,
consisting of 6 to 8 cars, are hauled to the dump by an electrie loco-
motive. The matte is tapped from the settlers into 66 cu. ft. cast
steel 1adles, which are conveyed to the converters by electric cranes.
The gases from the furnace are discharged into a steel balloon flue
10 ft. in diameter and from there pass through two cross tlues 12 ft.
6 in. diameter, and two goose necks 8 ft. 6 in. diameter, and then
into the main dust chamber, which is 60 by 181 ft. by 32 ft. 6 in.
From the main chamber, it then passes through a brick flue 20 by
242 ft. by 19 ft. 6 in., then through another chamber 84 by 34 ft. 8 in.
by 23 ft. 6 in., to the brick-lined steel stack, which is 168 ft. high
from the foundation. The foundation is 25 ft. high.

Following is a record of blast-furnace data for the last six months
of the year 1912, and the months of October and November, 1913.

There have been a number of changes in metallurgical conditions
and practice since 1912, and the months of October and November
of this year are given for the reason that they are representative
of conditions at present and as they will be for some time to come:

Last 6
months
Composition of charge: 1912. October. November.
: % % %

Ores and concentrates ...................... 74.66 85.51 85.57
Converter Slag .........ceecivueniencnccesas 12.95 5.40 6.19
Chipsandcleanings ...............ccovveunnns 11.70 6.83 5.256
2 1 0.69 2.26 2.99

100.00 100.00 100.00

Analysis of charge: % Y Y%
BI0; ..ttt i i it ittt ettt 23.1 24.7 23.6
7 0 P 4.7 5.2 4.7
L S 26.2 23.1 23.2
CB0 ...iiiiitiiiiiii et et 75 9.3 9.7
B ittt ieiteeer et ittt e s 16.6 14.6 14.2
o 7.42 6.24 5.47
AU, 0z. per ton ........cciiiiiiiiiiiiiennnns 0.019 0.017 0.019
Ag,oz. per ton .........cc.iiiiiiiiiiiiiinnn, 2.95 3.18 3.63

Analysis of slag:

1 10 TG 37.6 38.2 37.3
) o T 6.9 7.9 7.6
2 0 2 A P 34.7 32.6 33.4

L0 L0 13.0 14.7 15.0
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Last 6
months
Composition of charge: 1912. October. November.
Yo % %o
. =4 0 J U PPN 1.20 1.65 1.58
. 6 L0 J S 1.23 0.80 1.04
/1 1 3.05 2.30 2.10
0 S 0.34 0.41 0.32
Analysis of matte:
£33 0 7S P e 0.6 0.6 0.5 -
PN 34.2 38.0 38.0
£ 24.4 24.5 24.0
CU itiiitiierneeraioassaansssonasessaanns 35.66 35.5 335
AU iiiiiiiiitiiiititteresottncactanasnans 0.110 0.105 0.116
AE it i it iete et 14.66 19.53 21.69
Analysis of flue dust:
£ (0 AP 21.2 25.6 26.2
7 X 0 O 5.1 7.9 6.7
S 30.5 27.1 26.1
L7 T 0 L P .. 31 . 41 4.3
[ N 13.3 11.2 10.5
L 7.01 5.51 4.09
AU ittt ittt ittt s tet st aaan 0.019 0.020 0.020
- - 291 3.38 3.26
Per cent wet coke to wet gross charge........ 8.87 9.5 11.48
Per cent dry coke to dry gross charge........ 9.24 10.88 11.92
Per cent dry coke to dry gross and concentrate 12.37 12.72 13.93
Furnace days ........c.ceveteenenaccnonnanans 1174.849 123.833 119.322
Tons dry gross charge per furnace day...... 312.980 349.725 386.537
Tons dry gross charge per sq. ft. hearth area
per furnace day ........cccviuiiiinancans 4.471 4.996 5.522
Per cent flue dust to dry gross charge ........ 8.91 8.23 7.10
Blast data:
Cubic ft. per furnace minute ................ 16,708 19,900 20,235
Cubic ft. per ton dry gross charge ........... 76,885 81,940 75,212
Cubic feet per sq. ft. H. A, per minute ....... 239 283 289
Ounces blast pressure ............cce00nvenee 27 28 - 28
Sratioincharge .............ccciiiiiiiane, 2.240 2.567 2.599
S ratio in ore and concentrate ............. 4.441 3.722 3.531
Per cent S volatilized ...................... 61.95 67.38 66.65
Per cent matte fall .............ccoeiiinnntn 24.98 19.53 19.36

Roasting Plant.—The roaster building is of steel construection and
contains ten 18-ft. six-hearth MeDougall calciners. The dust cham-
ber is of brick, 115 hy 25 by 15 ft. The bedding system con-
sists of four bins of 500 tons capacity and two beds of 3000 tons each.
The mixed roaster charge is reclaimed and delivered by conveyor
belts into 60-ton bins over the roaster. The roaster product is hauled
by eleetric motor in 5-ton cars to the reverberatories.
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Last 6
months
Analysis of charge: 1912. October. November.
% % %

1S (0 19.6 10.9 13.0
ALO, it i et aa e 4.5 2.8 3.0
Fe i e e 26.5 34.7 34.1
Ca0 ............ e eeeeenennesneanannsnnnnns 1.3 0.9 0.8
S 29.0 38.9 38.0
L0 9.09 7.76 7.29
AU it e e 0.019 0.009 0.010
A i e i it et 2.80 1.10 1.23
SI0; i i i it i i et i e 22.8 12.7 15.9
ALO, .. i i ittt 5.3 3.2 3.7
Fe i i e e i 30.7 40.9 42.4
L0710 1.5 1.1 1.0

1 TP 10.3 12.6 10.1
L0 P 10.63 9.13 9.02
AU, 0Z. Per tON .....coiivnneviirnnennnnennns 0.022 0.010 0.012
Ag, 0Z. Per tON ....cvvvvieennenrnnnnaannnans 3.24 1.28 1.62
Dry tons charge per furnace day ............ 38.454 34.204 34.756
Tons calcine and dust per furnace day...... 32.456 28.918 27.904
Per cent calcine and dust to dry charge...... 84.401 84.545 80.29
Per cent flue dust to dry charge ............. 5.52 5.49 5.51
Per cent S volatilized ...................... 69.26 72.64 78.60
Barrels of oil per furnace day .............. 1.007 1.117 0.495
Barrels of oil per ton charge ............... 0.026 0.019 0.014

Reverberatory Plant.—The reverberatory plant consists of two
19 ft. 6 in. by 100 ft. oil-fired furnaces. The waste gases fire three
300-hp. and five 250-hp. boilers, placed in parallel, and then pass
through a fuel economizer system of 1152 tubes in four units, then
through a brick flue 130 ft. long to stack 12 ft. 6 in. diameter, 152
ft. high. The slag is skimmed into 112-cu. ft. electrically tilted slag
cars and hauled to the dump by electric motor. The matte is tapped
into 66-cu. ft. ladles, and hauled to the converter building in ladle
cars, from which it is transferred to the converter by electric cranes.

Last 6
months
Composition of charge: 1912. October. November.
% % %
Caleine .....covvivinnnereennnneeneernannns 35.21 39.96 40.72
Flue dust ......oovviiiiiiiiiiieenennennnns 38.01 27.85 27.66
Miscellaneous ............ccvvivnennennnnns 24.08 31.86 31.58
Flux ... ittt ittt iieiiiiieiieennans 2.70 0.33 0.14

100.00 100.00 100.00

BI0, .o 21.9 17.6 19.4
AlO;, i e 5.6 4.9 4.9
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Last 6
months
Composition of charge: 1912. October. November
Yo Yo Yo

2 25.7 28.6 28.2
L7 0 PR 3.4 1.9 1.8
S et ittt iee ittt ee it 13.2 15.3 13.4
CU tritnerrnernnenocnnnnsnns Cereeeieneees 13.61 16.83 17.22
AW, 0Z. PEr tON ......iviirieecaosnnannanas 0.018 0.014 0.019
AE, 0Z. Per tOM .....c.cvtevnenennresnannann 2.67 2.44 2.60

Analysis of slag:
13 (0 TSP 39.1 35.3 379
ALOD, it i i i et i et 9.8 10.0 9.6
FeO ...ttt iitiiterenrennsanes 36.8 43.9 41.4
L7 T 0 J U 6.0 3.8 3.6
MEBO ittt ittt 0.77 1.22 1.58
1 1 L0 0.44 0.80 1.04
/2 110 2.26 2.30 2.10
(o I e, 0.44 0.45 0.48

Analysis of matte:
SI0; it i i it e e 0.6 0.5 0.6
P 29.7 30.0 29.4
1S P 26.7 24.0 23.0
L3 40.35 42.19 41.80
AU, 0Z. Per tON.......coivivrnnrnnnnnennnnn 0.055 0.036 0.046
Ag, 0Z. Per toON ........cuovuvnrnennnennnnns 7.92 5.88 6.27
Per cent S volatilized ...................... 33.20 35.37 34.83
Ratio Sto Cu incharge ............cccuuts 0.968 0.909 0.780
Dry tons per furnace day.................. 228.120 210.093 197.843

Fuel results:
Barrels of oil per ton of charge............. 1.095 1.004 1.021
Steam, credit account boilers .............. 0.478 0.468 0.429
Steam, credit account economizers.......... 0.075 0.092 0.110
Total credit .........civviiiniiiininnans 0.553 0.560 0.539
Net account smelting ..................... 0.642 0.444 0.482

Converter Plant.—The converter building is of steel construe-
tion, 65 by 518 ft., and 56 ft. high to bottom chord of the truss. It is
equipped with three electric eranes of 40, 50, and 60 tons capacity,
respectively, six electrically operated stands, and seven basic lined.
12 ft. diameter, Great Falls type econverter shells, with 1l4-in. tuyer-
es. The converter slag is skimmed into 66-cu. ft. cast steel ladles.
About two-thirds of the slag is poured direct into the balst-furnace
settlers and the remaining one-third is hauled by electric motor and
slag pots to pits and reclaimed by a 10-ton steam shovel. It is then
hauled in narrow gauge cars to the bins at the spreading beds.

Copper Casting Machine.—There are two straight-line electrically
operated casting machines equipped with two tilting ladles of 66

™
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cu. ft. capacity. Each machine has a chain of 39 molds,
casting bars of about 300 lb., dumping into a bosh from which they
are removed by drag conveyor to the bullion platform. The blister
bars are then stacked by an air-operated radial crane, picked up on
trucks, weighed, and loaded into railroads cars.

Flues and Dust Chamber.—The converter balloon flues are of
steel construction 10 ft.® diameter and 201 ft. long, which dis-
charge into a steel dust-chamber 104 by 26 by 20 ft. with a circular
arch roof of 13-ft. radius. The gases then pass to a steel stack 12 ft.
diameter by 125 ft. high.

Power Plant.—Following is a complete list of the units of the
power plant. Power is generated for the reduction division, the
concentrator, and a large part ofl the mining division, as well as
for two small outside mining companies and the lighting of the
town of Cananea. The power report for the month of November
is appended and shows the distribution of power to the depart-
ments of the smelter:

ELECTRIC GENERATORS

General Electric 1500-kw. Curtis steam-turbine with 1500-kva. gen-

erator.
General Eleetric 1500-kw. Curtis steam-turbine with 1875-kva.

generator.
General Electriec 1500-kw. Curtis steam-turbine with 1875-kva.

generator.
MecIntosh-Seymore engine 16-32 by 30 with 300-kva. General Elec-

tric generator.
MeIntosh-Seymore engine 16-32 by 30 with 300-kva. General Elec-

tric generator.
Nordberg engine 18-36 by 36 with 400-kw. DC General Electric

generator. .
Union Iron Works engine 1314-23 by 12 with 100-kw. generator

(Reserve Exciter).

’

CONVERTER AIR

Allis blowing engine 20-36 by 42 steam 44-44 by 42 air, 148 fpr.

Rand blowing engine 22-40 by 48 steam, 46-46 by 48 air, 184 fpr.

Allis blowing engine 20-36 by 42 steam 44-44 by 42 air, 148 fpr.

Nordberg blowing engine 20-42 by 42 steam 44-44 by 42 air, 148 fpr.

Nordberg blowing engine 20-42 by 42 steam 44-44 by 42 air, 148 fpr.
BLAST-FURNACE AIR

Nordberg piston blower 13-24 by 42 steam 57-57 by 42 air, 70
r.p.m., 248 fpr.
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Connersville blower No. 10, 300 fpr., direct connected to Murray
engine 16-28 by 36.

Connersville blower No. 8, 100 fpr., direct connected to Murray
engine 10-18 hy 24.

Connersville blower No. 10, 300 fpr., direct-connected to Allis-
Gireene engine 16-30 by 36.

Connersville blower No. 10, 300 fpr., djrect-connected to Murray
engine 14-28 by 36.

Connersville blower No. 10, 300 fpr., direct-connected to Allis en-
gine 14-28 by 36.

Two No. 8 Connersville blowers.

HIGH PRESSURE AIR (MINES AND INDUSTRIAL PURPOSES)

Ingersoll-Rand compressor, 14-24 by 6 steam 13-23 by 16 air,
1000 fpr. :

Ingersoll-Rand compressor Type ‘‘C”’, 23-50 by 48 steam 4414-
2614 by 48 air, 6000 fpr.
AUXILIARIES

Southwark Foundry & Machine Co., air pump 1614-30 by 24 belted
to Bibins rotary pump.

Union Iron Works engine 1314-23 by 12, direct-connected to Root
rotary pump.

Southwark Foundry & Machine Co., air pump 1414-34 by 30.

Electric circulating and feed pumps.

Main power house, two 13 by 10 Aldrich triplex pumps, direct-
connected to 50-hp. induction motor.

Reverberatory boiler house—Aldrich triplex pump 9 by 10, direct-
connected to 60-hp. DC motor.

Aldrich triplex pump 9 by 10 direct-connected to 65 hp. DC motor,
reverberatory boiler house.

Reverberatory boiler house, Aldrich triplex pump, 5% by 9, di-
rect-connected to 40-hp. DC motor.

SMELTER ELECTRIC POWER

DC generator, direct-connected to 360-hp. induction motor.
300-kw rotary converter.
BOILERS (REVERBERATORY BOILER HOUSE)

Three, 300-hp. Stirling boilers.

Two, 250-hp. Stirling hoilers,

Three, 350-hp. A and T boeilers.

BOILERS (MAIN POWER-HOUSE)

"Five each, 2.150-hp. Elephant type boilers.

Six each, 1-250 Stirling hoilers,



RECENT COPPER SMELTING 189

Two each, 1-250 hp. A and T boilers.
Two each, 1-385-hp. Stirling boilers.

DISTRIBUTION OF POWER TO REDUCTION DiIvisioN, NOVEMBER 1913

Average indicated horse-power ....................... 5,647.50
Account power-house boilers .............ce0vunnn 4,168.47
Account reverb. boilers and economizers.......... 1,479.03
Total indicated horse-power-hours .........cccecveunens 4,066,030.00
Barrels oil, account reduction division................ 7,457.717
Barrels oil, account other departments...... teseesen .e 12,321.41

UNITS PER INDICATED HORSE-POWER

Total oil account steam: Total water account steam:
Barrels oil per i.hp......... 3.502 Gallons per minute......... 180.760
Gallons per i{.hphr.......... 0.204 Pounds per ihphr.......... 19.210
Water evaporated per pound of oil: Net 1b.
Power-house boilers ................ teetesestaserescetraenanns 12.65
Reverberatory boilers .................. eeseecarecerettanatnes 11.97
DivisioN oF POWER CONSUMED
Total
Smelting: Steam. Alr. Electric. i.hp.
Blast ........oiiiiiiiiiinenn 730.8 v Cees 730.8
Water sSupply .......c.ccuean 66.6 ceee 4.0 70.6
Slag expense .......c.ec00000 cees vens 34.0 34.0
Matte pit .......coc0ivennnn. e ceee 6.0 6.0
Total .....ocovvvvennnes 797.4 ceee 44.0 8414 -
Converting:
Blast .......cccieeiennneennn 899.5 ceen e 899.5
Cranes .............. e e ceee 30.0 30.0
Clay mill ................... e cee 10.0 10.0
Operating ..............c.... veen ceen 14.0 14.0
Casting machine ............ oo cees 6.0 6.0
Total ......... PN 899.5 e 60.0 959.5
Reverberatories:
Atomizing oil, converiers, air.. 40.5 ceee 6.0 46.5
Elevator .........ccivvennnnn cees ees 5.0 5.0
Cleaning boiler tubes ........ ceen 7.0 eee 7.0
Slag expense ...... [P cees cee 12.0 12.0
Total ........cccvvvunnnn 40.5 7.0 23.0 70.5
Sampling:
Sample mill ................ e 3.0 56.0 59.0
Miami samples .............. een 1.0 e 1.0

Total ................... e 4.0 56.0 60.0
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Roasters:
Receiving and spreading .... .... 3.0 16.0 19.0
Reclaiming ................. e cees 18.0 18.0
Water supply .........c.co0.. een vee 15.0 15.0
Operating .................. een ceen 12.0 12.0
Calcine haulage ............. - ene 5.0 5.0
Total ......coveevnennnn e eees 3.0 66.0 69.0
Spreading beds:
Receiving ..............o0.0. oo 5.0 e 5.0
Crushing and conveying ..... e ceee 66.0 66.0
Reclaiming .................. . veee 58.0 58.0
Total ..........ccicuvnen e 5.0 124.0 129.0
Total reduction division ......... 1,737.4 19.0 373.0 2,129.4
Total to other departments....... 0.7 719.4 2,798.0 3,518.1
Grand total ................. 1,738.1 738.4 3,171.0 ~ 5,6475

STEPTOE VALLEY SMELTING PRACTICE

(Discussion, October 7, 1911.)
The Editor:

Sir—At the Steptoe Valley smelter the average throat draught
of the reverberatory furnaces with coal firing was 1.4 in. water and
at the stack 1.8 in. With oil the throat draught averages only 0.5
in. and stack about 1.6 in. The best hoiler to employ for the
recovery of heat from the furnace gases is the vertical tubular type.
This allows some self-cleaning of tubes from flue-dust by gravity.
In the management of converters it is found that basic linings can-
not stand excessively high temperatures so well as acid linings,
neither can they stand the same range of temperatures without
serions deterioration. This is a very important point in the suc-
cessful use of basic lining.

C. B. LAKENAN.

Ely, Nevada, September 30.
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PROGRESS AT THE STEPTOE VALLEY SMELTER
By S. S. SORENSEN

(January 4, 1913.)

Changes in the plant and equipment of the Steptoe valley smelter,
MeGill, Nevada, made during 1912 may be summarized as follows:
At the smelter pressure-blast air cooling has been extended to all
the roasting furnaces by the installation of belt-driven fan of 25,000
cu. ft. capacity at a pressure of 3% in. of water, and the tonnage
has been raised to about 90 tons per furnace day with a sulphur
elimination of over 60%. No radical change has been made in the
construction or working of the reverberatories. The three now run-
ning are smelting 440 tons of total charge each per furnace day.
with an oil consumption of 0.86 bbl. per ton of charge. One has
been rebuilt with an increase in size and a change in the design
of binding. The latter has been concentrated into beams set at 5-ft.
spaces, centre to centre, instead of the old method of close-set 8 to
12-in. I-beams. This furnace is ready to go into commission when-
ever required.

At the converters the greatest improvement has been the re-
modeling of the No. 1 Pierce-Smith basic converter. This converter,
which is 30 ft. long inside, and has 46 tuyeres, is making 78 tons of
blister per day from 389% matte. Charging is not done through the
outlet as hitherto, but through a special charge hole from a fixed
launder. A new copper casting machine has been built with oil-fired
receiver which holds 50 tons of blister and is tilted by means of gear-
ing from the old disused converters by an electric motor.
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PROGRESS IN FUEL UTILIZATION
(Editorial, October 25, 1913.)

The community of interest in the field of metallurgy was well
~fiown at the meeting of the Iron and Steel Section of the American
Institute of Mining Engineers in New York last week. During the
session a2 number of notable papers upon the use of powdered coal
as fuel, and the recovery of waste heat from metallurgical furnaces
were read and discussed at some length, and the results attained in
the field of zine and copper metallurgy were presented and listened
to with interest by the steel metallurgists. Curiously enough, three
of the papers had almost identical titles, though Messrs. R. K.
Meade, H. R. Barnhurst, and W. S. Quigley treated the general sub-
jeet of the use of powdered coal as fuel from slightly different as-
pects. These were preceded by two papers on the generation of
steam by the waste heat of furnaces, read by Mr. G. C. Stone and
by the secretary for Mr. F. Peter, professor at Leoben.

The present importance of the use of pulverized coal as fuel is
illustrated by Mr. Barnhurst’s estimate that 10,000 tons of coal in
this form is burned daily in the cement industry alone. The de-
velopment of direct-firing with coal dust has indeed advanced almost
part passu with the growth of the output of cement, the large quan-
tity of coal used in the production of so cheap a commodity making
necessary the use of fuel in a form which permits more efficient use
of its heat content than is possible in any system of indirect firing.
To a less extent, it has been applied to other fields of work, and its
present use at the smelter of the Canadian Copper Company and the
earlier experiments at the Highland Boy plant and at Cananea are
well known to many of our readers. ]

The difficulties in the early work in all fields arose from the pres-
ence of moisture in the coal, insufficient grinding, and the attempt
to use unsuitable types of coal. It is now possible to use any long-
flame coal which contains over 25 per cent of volatile hydrocarbons,
and coal containing as much as 25 per cent ash has been used in
cement burning. In smelting, so high an ash content would not be
permissible, especially in copper treatment, for if the ash is fusible
it tends to clog the flues and waste-heat boilers, while if it is infus-
ible it is an unwelecome addition to the already highly silicious charge
on the hearth. Before pulverizing, the coal must be thoroughly
dried. In addition to the bad effect of moisture on pulverizing and
injecting the coal, each per cent of moisture in the fuel corresponds
to a decrease of 52 degees Fahrenheit in the temperature attainahle
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in the furnace; a decrease which cannot be overcome by burning
additional fuel. This bad effect is accentuated by the fact that only
part of the heat is utilized in the furnace; thus if the powdered coal
contains five per cent moisture, the temperature in the zone of com-
bustion is 1500, and the temperature of the outgoing gases is 600
degrees—the heat wasted in raising the water to the temperature
of the escaping gases corresponds to nearly ten per cent of the total
heat value of the fue]l Standard practice requires the grinding of
the pulverized coal so that ninety-five per cent will pass 100 mesh
and eighty-five per cent through 200 mesh.

The aim in coal pulverizing is to make a maximum of what the
millman used to call ‘slime’, namely, material too finely divided to
permit measurement. Various types of mills have proved satisfac-
tory; ball-mills, various tube-mills, Raymond, and Griffin mills.
Certain types of these permit the burning of coal as fast as it is
ground; in others it is caught in storage-bins. The ground coal is
not explosive unless it is so stirred up as to form an explosive mix-
ture with air.

In ordinary practice the coal is blown into the furnace by the use
of twenty-five per cent of air, furnished either by a fan or by blowers
which deliver it at higher pressures, the fan being preferred as
cheaper. If a larger quantity of air is used, the flame becomes
shorter, since the deflagration of the coal immediately in front of
the nozzle is thus favored. The length of the flame attained depends,
therefore, on the character of the coal, the amount of air used in its
injection, and the draft. Regulation of the length of the flame is
best done by manipulating the draft. It is, of course, necessary to
admit an excess of air over that required for combustion, and the
temperature attained can easily be controlled by regulating the
~amount of fuel admitted. The convenience and economy of this
method of firing is leading to its increased use in open-hearth and
puddling furnaces, and, within the limitations of local conditions,
is likely to lead to its increased use in reverberatory copper smelt-
ing.

The high temperature of the gases escaping from such furnaces
makes it especially desirable that some of their contained heat shall
be recovered. This is commonly attained by the use of regenerators,
but the gases escaping from these still contain recoverable heat.
Unless their temperature exceeds 300 degrees Centigrade there is
no economy in attempting to recover this heat, since the tempera-
ture difference between the gases and the steam generated is so small
as to make the transfer of heat from the one to the other impracti-
enbly solw, The lowest practicable limit is perhaps attained at the
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Palmerton, Pennsylvania, plant of the New Jersey Zinc Company,
described by Mr. Stone, where gases (at 450°C.) escaping from the
spelter furnaces are utilized in a battery of return-tubular boilers
which furnish the steam required for the gas producers. It is there
found that three horse-power can be recovered in the waste-heat
boiler for each ton of coal gasified in the producers, without inter-
fering with the results attained in the spelter furnaces. With re- -
verberatory copper-smelting furnaces the use of waste-heat boilers
is standard practice, and the important paper by Mr. S. S. Sorensen,
published in our issue of October 11, 1913 [see p. 159], is of especial
value, since it gives the comparative results attained by two different
types of boilers, and thus contributes greatly to that more exact
knowledge of this subject which is much to be desired.

METAL LOSSES IN COPPER SLAGS

(Discussion, November 13, 1909.)
The Editor:

Sir—The following communication to the secretary of the Ameri-
can Institute of Mining Engineers brings up a subject on which
great interest centres, and it may stimulate further discussion: R.
W. Raymond, Secretary American Institute of Mining Engineers.

In Lewis T. Wright’s paper on ‘Metal Losses in Copper-Slags,’
read at the New Haven meeting, he starts in by saying: ‘It is com-
monly believed by the metallurgists that in copper smelting the
copper in the slag, which is irreducible by continued smelting, is
retained in the form of prills of matte.”’ On a recent visit to Green-
wood, British Columbia, I was discussing with J. E. McAllister, gen-
eral manager for the British Columbia Copper Co., and the former
metallurgist for the Tennessee Copper Co., this very question, and
he strongly held to the idea that the copper in slag was in two forms,
namely, one portion contained in occluded matte, and the other as
an oxide. He believed that this rule would apply also to the silver
in slag. From my experience I am strongly inclined to agree with
Mr. McAllister and it appears quite reasonable that in furnaces treat-
ing oxidized copper ores, and to a lesser degree in furnaces treating
sulphide ores, there is always bound to be present a ertain amount
of copper oxide and silver oxide, which will behave like any base,
and get into the slag as such. We all know that in Arizona, in the
early days, when it was customary to produce black copper, because
the ores were nearly all oxidized (or carbonates) and sulphur was
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scarce, the slags as a rule carried 2.5% copper and seldom less than
1.5%. The economic point was determined by the extra coke neces-
sary to produce the reducing action. In connection with the extra
saving in copper, Arthur L. Walker, now professor of metallurgy at
Columbia Universitv, and formerly general manager for the Old
Dominion Copper Mining Co., at Globe, told me that with coke at
$60 per ton it never paid him to make slags better than 2.5% copper.

In Tennessee, when treating well roasted and presumably well
oxidized ore, we seldom, if ever, had our slags contain less than 0.5%
copper, yet when treating this same ore pyritically, and producing
the same grade of matte, the slag would not exceed 0.39% copper.
The above instances are merely cited to show that the normal
tendeney of copper oxide is to act like iron oxide, lime, or any other
base, and to go into the slag.

If we take Mr. Wright's first example and assume a 50% copper
matte, corresponding with 0.3% copper slag, which, by the way,
would be pretty low, we would have the following analysis of the
matte and slag:

Matte. Slag.
] 50.000% 0.300%
Ag e 31.400 oz. 0.147 oz.
AU e 13.950 oz. 0.026 oz.

If we he permitted to assume that no gold is oxidized in the slag
and that all there present is contained in the matte, we can assume
the 0.026 oz. as a basis and from it calculate the amount of silver
and copper corresponding to the grade of the matte produced. I
have given below in the second eolumn, the results of this ealeula-
tion :

Total loss. Matte loss. Oxide loss.
Cu.oovnnnnnt. 0.300% 0.093% 0.207%
Ag ool 0.147 oz. 0.058 oz. 0.089 oz.
Au ..., 0.026 oz. 0.026 oz.

From the above it will be seen that of the total copper contained
in the slag about one-third only is lost in the form of matte. and the
other two-thirds is probably in the form of oxide. Nearly the same
ratio exists for silver: and we all know that silver is easily oxidized
in a furnace with a hot-top, such as is usual in copper smelting.
and. while no doubt part of it is volatilized, a portion of it is ready
to go into the slag.  While neither Mr. McAllister nor myself have
any means of actually verifying the above theory, it appears to us
the simplest and most obvious solution of the problem, and much
more in keeping with the facts than that the metals themselves are

S
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dissolved in the reject material from the furnaces, which is a mix-
ture of slag with a small proportion of matte.
J. PARKE CHANNING.
New York, October 3.

METAL LOSSES IN COPPER SLAGS
(Discussion, November 27, 1909.)
The Editor:

Sir—I am glad to observe that J. Parke Channing has taken in-
terest in points suggested by the data I recently published in
an article on ‘Metal Losses in Copper Slags,” and I sincerely hope
that he and others will endeavor to collect and publish further in-
formation on these matters of high techniecal importance. The slags
I submitted to examination came from both blast and reverbera-
tory furnaces, making first copper matte of usual grade, namely, 25
to 50% copper. Both classes exhibited similar deficiencies in the
ratios of the precious metals to the copper contained by the slag
and matte respectively. That is to say, the slags contained less sil-
ver and still less gold than should have accompanied the copper of
the slag if this copper had all been of the grade of the matte simul-
taneously occurring in the copper-smelting operation. I did not
think it worth while to commence the enquiry by investigating con-
verter, refinery, or black copper slags.

As stated in the paper, the facts observed leave room for belief
that some of the copper of the slag may have been existent as silicate.
M. Channing’s suggestion that some of the silver might be in an
oxidized form is worthy of investigation. I have no data that would
throw much light upon this point.  Such as I have, and some will
be published later, show that in the ordinary migrations of copper
through a cooling mass of slag, or in its precipitation by special
methods of fusion, the silver follows the copper. It is well known,
for instance, that a bar of lead bullion does not contain its silver
equally distributed. The outside contains more than the inside.
This is a case of what I have mentioned above as ‘migration’ in
cooling.

In the same manner the shells of slag formed in slag-bowls
contain more copper than the inner liquid portion. In cases I in-
vestigated, the copper in the shells was not uniformly distributed
through the shell. It varied according to position but the variations
of the silver follows the variations of the copper. It looks like a
ease of molecular segregation in which the three metals. copper, gold.
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and silver, behave similarly. Cirecumstances alter cases. I did not
observe a falling off of 40% in copper of the slags when changing
from oxidized to sulphide charges in blast-furnace work, as noted by
Mr. Channing. I cannot help thinking that the temperature of the
slag formation may affect the slag in the power of retaining copper.

Lewis T. Wricnr.
San Francisco, November 16.

METAL LOSSES IN COPPER SLAGS

(Discussion, February 12, 1910.)
The Editor:

Sir—In your issue of November 13 last, J. Parke Channing sug-
gests a method of calculating the amount of matte in a slag, which
scems to me to be correct. The method is to determine the amount
of gold in the slag, and with the supposition that all of the gold in
the slag is in the form of matte, to calculate the amount of matte
in the slag, using the ratio of gold to copper as found from a matte
sample. Mr. Channing also writes that, ‘‘the remaining copper in
the slag, amounting to about two-thirds of the whole, is probably
in the form of oxide.”” In regard to this, Lewis T. Wright in a more
recent issue says, ‘‘As stated in the paper,”’ meaning one read by
Mr. Wright before the American Institute of Mining Engineers,
‘‘the facts observed leave room for belief that some of the copper
of the slag may have been existent as silicate.”” In Peters’ ‘Prin-
ciples of Copper Smelting,” page 113, we find the following: ‘“When
an ore is smelted, there is a considerable loss of values in the slag, re-
sulting mainly from particles of matte or metal which have failed
to separate properly from the slag, and, in a lesser degree, from the
formation of oxides of the valuable metals—especially lead and
copper—that have entered into combination with silica, and have
thus become, chemically, a part of the slag.”” This view of the
subjeet seems to be the one most favored at present by the metal-
lurgist.

It is a recognized faet, that, if zine is present in a slag, much of it
is in the form of sulphide. Personally I have known a slag rather
high in zinc to contain 1.7% of sulphur. Allowing 0.2% of this for
any matte, ete., in the slag, it leaves 1.5% of sulphur to combine
with the zine. or snfficient to form 4.5% of zine sulphide. This zine
sulphide is (‘Prineiples of Copper Smelting,’ page 393), in solution
in the slag and evidently in solution in very much the same manner
in the form of matte. is in the form of cuprous sulphide. seems reason-
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able, inasmuch as zine has much the same power of replacement for
copper that iron has, to suppose the following reactions to take
place:
Cu,0 4+ ZnS=Cu,S + ZnO
Cu,Si0, 4 ZnS = Cu,S + ZnSi0,

Copper is in much the same condition in a slag, both as to quan-
tity and physical characteristics, regardless of the presence of zinc.
Therefore the assumption that the copper in a slag, aside from that
in the form of matte, is in the form of cuprous sulphide, seems reason-
able, and, furthermore, that it is dissolved in the slag in much the
same manner as zine sulphide.

In endeavoring to prove this, I have tried to find a slag, which
contained no elements other than copper likely to be combined with
sulphur. The only one at hand is that made at the reverberatory
furnace of the Union Copper Mining Co., at Copperopolis, California,
in the summer of 1907. An analysis of the roasted ore follows; also
the copper and sulphur content of the slag. To flux the ore about
109% of quartz was added and the slag formed was a rather stiff
one due to the large amount of alumina and magnesia in the
ore, which probably caused more matte to be suspended in the slag
than is usually the case.

ANALYSIS OF ORE

Per cent.
15 110 OO 21.80
AL, .t e i e i e e 13.00
MO .o e e e e e 6.30
L7 0 PP 1.00
L0 X 0 P 3.37
CUuFeS,; ...ttt ittt etnnnann 10.57
FeS, ittt it i i i e, 5.87
Fe0; toviiniiiii i i i i i 20.20
FeSO, ..ivviiiiiiiiiiiiiiiiiniinenennnnnns 5.10
FeO ..ottt i i i e i et e 8.90
Combined H,O ........coiiiiiiiienniannnnn, 2.82

98.93

Cu, S,
per cent. per cent.

Matte ........coiiiiiiienennnnnn. 45.00 23.00
Slag ..ottt e 0.63 0.23

Assuming that all of the sulphur in the slag is either in the form
of cuprous sulphide or matte, a determination of them separately is
made as follows: In copper sulphide, from the atomic weights, the
ratio of copper to sulphur is practically 4 to 1. In the matte, by
meauns of the analvsis, the ratio is 2 to 1.
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Let
C —the copper in the form of Cu,S
C’ =the copper in the form of matte
S —the sulphur in the form of Cu,S
8’ —the sulphur in the form of matte
Then
C+ C'=0.63
S 48" =0.23
and
C =48
C' =28’
Substituting

48 4 2S' = 0.63

4S 4 4S' =10.92

28’ =—0.29

S’ =—0.145
C —0.34% copper in the form of Cu.S
C’'=0.299% copper in the form of matte

Some experiments were conducted, during the summer of 1907,
at the above mentioned plant by the superintendent, H. W. Ross, as
follows: The reverberatory furnace was operated as usual, with
the exception that the charge before skimming consisted entirely of
a concentrate of pure sulphide, containing about 8% copper. As-
suming that this charge melted into a matte, containing about 10%
copper and leached through the slag replacing the suspended matte
containing 45% copper, with a 109, matte, but not affecting the
cuprous sulphide dissolved in the slag, we can multiply 0.29 by
10/45 and obtain 0.06% copper in the form of matte under the new
conditions. If we add this to the 0.34% as cuprous sulphide, we ob-
tain 0.409, as the total copper in the slag. As actually found in
practice this slag contained 0.45% copper. The slag and matte at
Copperopolis contained no gold or silver, otherwise, it would be in-
teresting to calculate the amount of free matte in this slag by the
method suggested by Mr. Channing,

The conclusions therefore from these data would seem to be that
the copper in the slag is in two forms; first, as cuprous sulphide dis-
solved in the slag in a manner similar to zine sulphide; second, as
matte particles suspended in the slag, which amount, in a good slag
and one well settled, ought to be small. The data given are not by
any means sufficient to prove these conclusions, and I shall be glad
to see some more discussion upon this subject, either for or against
the above statements.

N. M. ZorH.
Kennett, California, January 22,
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LOS8 OF COPPER IN SLAG
(May 11, 1912.)

The slag losses of copper, other than mechanical, depend upon the
composition of the slag, according to V. Vanyukov in Melallurgte.
Both matte and slag are electrolytes, the concentration of the
different ions varying with the different amounts of the ele-
ments present. It is evident that the concentration of the
cations of a given base in the slag will be affected by the
presence of sulphur compounds of this base. The higher the
concentration of given base in the slag, the greater the tendency
to dissolve sulphur compounds of this base, and along with it some
associated Cwu,S. The degree of this tendency decreases with the
affinity of the element for sulphur and the degree of dissociation of
the element of the silicate and siilphur compound. The affinity for
sulphur of various metals is in the following order: Cu, Ni, Co, Fe,
Mn, Zn, Co, Mg, Al. With slags high in the metals near the end of
the series the losses in copper are much lower than with slags high
in the metals at the beginning of the series.

USING SULPHIDES AS FUEL IN SMELTING

By JouN HoLLwaAy

*When metals are extracted from their ores by fusion, the neces-
sary heat is always obtained by the burning of coal, coke, or other
form of carbon. But sulphides can be made to burn in air, and the
metallic sulphides, consequently, are natural combustible minerals.
My objeet is to prove that they ean be utilized as sourees of heat in
certain metallurgical operations. The most important of the min-
eral sulphides is pyrite, with which are frequently associated sul-
phides of copper and arsenic; silver and gold are usually present in
larger or smaller quantities, When pyrite is roasted in the open
air, an increase of temperature takes place in its mass. so that the
oxidation continues without the application of external heat. This
operation is carried on in Spain and other countries, where vast
quantities of cupriferous pyrite are exposed is heaps for several
months to a slow process of combustion, which gradually converts
the sulphide of iron into ferric oxide. A similar.combustion is ef-

*Extracts from a paper entitled ‘A New Application of a Process of Rapid
Oxidation by Which Sulphides Are Utilized as Fuel,’ presented before the
Society of Arts (London), February 14, 1879.
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fected in the pyrite burners of the sulphuric acid manufacturers, the
solid product of the operation being the so-called ‘burned ore’, an
impure peroxide of iron. Other important sulphides are those of
lead, zine, and antimony. Sulphide ores of copper, lead, and zine
are usually roasted to render them reducible in the furnace and to
make their non-valuable constituents capable of combining with the
fluxes used, the requisite heat being always obtained by the combus-
tion of coal or similar material of organic origin. This process of
roasting extends over a considerable space of time, and the heat
evolved by the oxidation of the sulphides is never very manifest
at any period of the operation. The sulphur and metals frequently
burn to waste, because the utilization of the heat resulting from their
burning has not hitherto been considered a subject of much impor-
tance. If however a rapid current of air is forced through molten
sulphides, the maximum temperature of the combustion is attained,
because all the oxygen of the air driven in is then utilized for oxida-
tion, and the operation is concentrated into the space of a few
minutes instead of occupying many weeks, or in the case of cuprifer-
ous pyrite, many months.

By calculation the comparative temperatures produced by the oxi-
dation of the principal sulphides can be found. The data thus ob-
tained indicated to me that the oxidation of sulphides could pro-
duce sufficient heat to render their smelting a self-supporting opera-
tion, and in consequence several experiments were made by forcing
a current of oxygen from a gas cylinder into molten sulphide of iron
contained in a fire-clay erucible. The tuyeres used were porcelain
tubes and the stems of common clay pipes. When the current of
gas was directed upon the surface of the mass, an intense incandes-
cence with a violet light was observable, showing the high tempera-
ture resulting from the oxidation. Upon dipping the tuyere into
the sulphide the temperature visibly increased, and the oxide of iron
formed acted energetically upon the silica of the fire-clay; but the
contents of the crucible soon became viscous in consequence of the
absence of sufficient silica to form a fusible slag.

The experiments were continued on April 22, 1878, and larger
crucibles used ; the sulphide of iron was acted upon by a current of
air, sand being added during the oxidation. Matte and slag were
obtained. The sulphide of iron was made by fusing cupriferous py-
rite in a steel melting-furnace, the fire of which was allowed to burn-
down as soon as the oxidation commenced. When the blast of air
was turned on, the tuyere was dipped into the contents of the eru-
cible, and the blowing was continued for over 30 minutes. Although
the whole of the oxygen was probably consumed, the oxidation
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had not proceeded far enough to concentrate the matte to any ex-
tent. About half the iron was removed as ferrous silicate, in which
was found 0.104% of copper, and the separation of the matte from
the superincumbent slag was very distinet. It was evident that to
enable the oxidation to take place with sufficient energy, it would be
necessary to introduce the air very rapidly, and, after some further
experiments, made also with crucibles, which showed that pyrite
could be melted by the heat evolved by its own oxidation, a trial
was projected with a bessemer converter, because a rapid trans-
mission of air could be thus obtained, and several experiments were
accordingly made during July 1878.

The piant employed consisted of an ordinary cupola, 4 ft. diameter
at the tuyeres, and 5 ft. above, having eight tuyeres, four being 3
in. diameter and the remaining four 4 in. diameter. A ladle for con-
veying the molten metal to the bessemer converter; and a bessemer
converter, capable of treating 6 tons of crude iron at a time, lined,
as usual with gannister, and supplied with cold blast. The engines
for supplying the blast were two eylinders of 42-in. diameter and
4-ft. stroke, working at about 45 r.p.m., at an average pressure of
steam in the boilers of 73 Ib. per square inch. The pyrite was put
into the cupola with coke and treated like pig iron. When at each
operation the cupola was tapped, the molten protosulphide was run
into a ladle and thence into the converter.

In the first of these experiments, which took place July 10 and 11,
1878, about five tons of molten sulphide was blown for half an hour
in the same manner as a charge of bessemer iron. After thirty mi-
nutes’ blow the contents, consisting of silicate of iron and matte,
were turned out of the vessel. No sand had been thrown into the
converter, therefore the gannister lining was energetically attacked
by the oxidc of iron. The product was quite liquid when run from
the vessel, the slag crystallizing on cooling in splendid erystals of
ferrous orthosilicate. In the next experiment, sulphides containing
3.4% of copper yielded, after a quarter of an hour’s blow, a matte
containing 46% of copper, and the destructive action upon the gan-
nister lining was greatly mitigated by throwing sand into the con-
verter.

Six experiments were made on July 17 and 18. The pyrite used
contained 2 to 3% of copper, 1.5 oz. of silver, and 3 gr. of gold per
ton. Owing to the small quantity of sulphide employed in each of
these experiments, the blowing had to be of very short duration, and
great care was also necessary to avoid overblowing. To obviate this
the blowing had to be arrested earlier than would be necessary to
produce a matte containing the desired percentage of copper; but
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in operating with larger quantities of sulphide there would not be
the same difficulty. The spectroscopic phenomena were observed
through a six-prism spectroscope. The six experiments were all
arranged and the duration of each blow in the bessemer previously
settled ; and the first, second, and third experiments were so carried
out; the fourth was intentionally overblown, in order to observe the
changes in the spectrum, and the result of these observations was
that in the fifth and sixth experiments the blow was arrested at the
moment indicated by the disappearance of certain lines in the
spectrum. Cog

The increments in the temperature of the gases at the mouth of
the converter were measured by means of one of Siemens’ differen-
tial pyrometers. The pyrometer was 8 ft. long, with platinum lead-
ing wires from the platinum spiral to the terminals. The end ex-
posed to the gases was protected for 1 ft. 6 in. of its length by a por-
celain tube 2 ft. long, and the next 2 ft. by loam placed around the
iron tube of the pyrometer. The indicated temperature was always
below that actually obtained, as the fire-clay coating protecting the
exposed stem of the pyrometer retarded the transmission of heat.

The gases were sampled by means of a fire-clay bell, connected
with L4-in. iron tubing, protected by clay from the hot sulphur vapor.
The iron tube, at a distance of about 20 ft. from the converter, had
inserted in it two pieces of brass pipe, to which were connected, by
india-rubber tubing, two glass tubes for taking the gases. The free
ends of the gas tubes were connected through a T-piece with a power-
ful aspirator holding 20 gal. of water. By turning a tap and shut-
ting off the water-cock of the aspirator, both tubes could be filled
with identical samples of gas evolved from the converter at any
given moment. The sublimate appeared in the glass tubes about
three seconds after turning the taps. To avoid any interruption in
the experiments, two converters were fitted with similar appliances,
both pyrometers being connected with the same instrument, but only
one converter was used.

In the first experiment the blow oceupied 17 minutes, during which
period 14 cwt. of red sand was added. The amount of sulphide in-
troduced into the vessel could not be exactly ascertained. The mean
pressure of blast was 20 lb. per square inch. The phenomena at the
mouth of the converter were remarkable. At the beginning dense
white fume issued from the mouth of the converter, colored in vary-
ing tints by the volatile metals present in the incandescent state,
affording a brilliant spectrum containing a great number of bright
lines. When the temperature rose and the lead was in great part
expelled, the flame showed less ‘body’ and was of a bluish-green
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color, possibly from the presence of minute quantities of zine and
copper. The blown product of the experiment was emptied into ingot
molds and allowed to cool. When cold it was found to consist of
three zones, the upper one being the slag proper, the central zone a
mixed product of slag and matte, and the lowest a matte free from
silica. The specific gravity of the matte was about 4.8 and the slag
about 4.1. The products of the experiments gave, upon analysis,
the following results: Slag, FeO 53.30%, Fe,0, 3.00%, copper com-
bined with sulphur 0.16%, sulphur 3.39%, silica 29.90%. Matte,
iron 57.10%, copper 15.85%, sulphur 21.96 per cent.

The second experiment was similar to the first, but about 30 cwt.
of fused sulphide was used. The sand added was about 14 cwt.,
which was thrown in, as in the first experiment, and there was, as
before, an intermediate matte. The slag was dense, black, and very
crystalline; it showed a peculiar radiated structure at the edge
near the iron molds, caused by the sudden chill. The zones were
not horizontal, but were more or less conical, as owing to the sudden
refrigeration of the mass the denser particles had subsided last in
the central portion which remained fluid longest. The analyses of
the slag and matte obtained are as follows: Slag, FeQ 54.62%, Fe,O,
3.71%, copper combined with sulphur 0.229., silica 30.05%. Matte,
iron 56.05%, copper 16.59%, sulphur 23.47 per eent.

In the third experiment the charge was more fully blown. The sul-
" phide used was about 25 cwt. and the sand added about 14 cwt.
The blast pressure was 20 lb. per square inch, and the blow oc-
cupied 17 minutes, which was somewhat too long. The separation
of the slag from the rich matte immediately beneath it was very
distinct. The analyses of produets in this experiment are as fol-
lows: Matte, sulphur 22.22%, iron 12.56%, copper 62.36%. Aver-
age of the slag, metallic iron 49.30%, metallic copper 1.55%, siliea
29.55 per cent.

In the fourth experiment the charge was overblown by about six
minutes. No sand was added in this blow; about 1 to 114 tons of
fused sulphide was used. The product was apparently homogeneous
in composition and gave on analysis: Silica 34.31%, FeO 25.10%,
Fe,0; 33.83% (=43.27% metallic iron), copper oxide 2.39% (=
1.91% copper). This slag is less basic and far less erystalline than
those ordinarily produced, and the copper exists principally as
oxide. As soon as the sub-sulphide of copper began to burn, a
splendid emerald-green flame suddenly appeared, lasting about a
minute, and all the lines except those of copper and sodium left the
spectrum. During the last few minutes of the blow the mouth of
the converter was dull and without flame,
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The sixth and last experiment of this series was made upon about
20 ewt. of the fused sulphide; about 11 e¢wt. of sand was thrown in
with a shovel during the blew, which lasted 11 minutes. A eentral
zone of mixed matte and slag was obtained, as in the first experi-
ments of the series, and its composition was somewhat similar. It
is of interest to observe that this contained neither silver nor gold,
which were concentrated in the rich well separated matte. Slag,
copper 0.42%, FeO 67.52%, silica 26.22%, sulphur 2.06%. Matte,
copper combined with sulphur 59.71%, iron 13.16%, sulphur 21.94
per cent.

During the preliminary melting of the pyrite in the cupola, the
flame seen at the charging door of the cupola exhibited brilliant
colors, continually changing in tint. This flame brightly illuminated
the visible spectrum. The greater part of the lead was volatilized
during this preliminary melting. Indications were, besides, ob-
tained of the volatilization of sodium, lithium, and thallium. The
flame of sulphur and that of carbonic oxide give no distinetive lines.
neither does arsenie volatilized as arsenie trioxide ; hence no indica-
tion of the presence of these substances was to be expected, and zine
was probably not present in this flame in the form of vapor. The
spectrum flame from the bessemer converter during the blow was a
brilliant one. The lines of sodium, lithium, and thallium were
recognizable, but the majority of the lines are of (as yet) un-
known origin, though they are the most important, since the
changes furnish indications of the progress of the chemical changes
taking place in the vessel. Some of these unknown lines are those
which were employed as test lines. No lines of lead were observed,
nor of copper, except in the fourth experiment, in which all the
lines except those of sodium disappeared about six minutes be-
fore the ‘turn-down’. The charge took longer to melt in the cupola
than a corresponding weight of pig iron under the same circum-
stances, but, when once molten, the sulphides formed a mobile lim-
pid liquid. '

Whenever during the experiments the converter was tipped for-
ward the SO, poured out into the pit and made itself apparent by
its strong odor. When the converter was in position, however, and
the blast on, the smell was scarcely perceptible in the close vicinity
of the flame in consequence, doubtless, of the rapid convection of the
hot gas. The lining of the converter, after the six blows, was found
to be not very materially acted upon, and therefore the reserve con-
verter was not required. The products of the experiment which re-
mained for examination consisted only of slag and matte and a few
samples of the gases evolved. The sulphur and sublimates were
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prineipally iost in the cupola, which, as before mentioned, was only
used for convenience. In practice, the volatilized substances would
be collected in flues.

Further experiments were made on November 1 and 2, also with a
bessemer converter. To start the oxidation, about two tons of
fused sulphide was run into the vessel, which was then brought into
position and the charge was blown for about five minutes without
any addition. As the heat of mass increased, four tons of cold py-
rite was thrown into the converter, gradually, in large lumps, to-
gether with 9 cwt. of sand containing over 16% of moisture. Al-
though a large quantity of heat was expended in expelling the sul-
phur from the cold pyrite and in the expulsion of the water from the
sand, yet the contents of the converter were maintained perfectly
liquid by the heat of oxidation. After blowing some time, half the
charge was tipped into the ladle, and, after the converter had been
again placed in position, 18 cwt. more of pyrite was added, in lumps,
and 3 cwt. more sand. After a short time the blowing was discon-
tinued and the contents run out into the ladle.

During the experiment sulphur vapor burned at the mouth of
the converter and phenomena were observed similar to those pre-
viously cited. It was proved to those present that the smelting of
pyrite can be made a self-supporting operation, and that copper
matte, silicate of iron slag, volatile sublimates, and SO, can be ob-
tained without the employment of any extraneous fuel other than
that employed in producing the blast. Another experiment of a
similar nature had been previously attempted, but the addition of
cold and wet raw material too early in the operation caused too
uvreat a reduction in the temperature, and the chilled contents of
the converter had to be extracted by melting with coal. This re-
frigeration will be readily understood when the heat rendered latent
by the fusion of the bisulphide of iron is taken into account, be-
sides which large quantities of gas left the lignid mass at a red
heat, and were not utilized for heating or driving off sulphur.

These experiments were carried out with an ordinary bessemer
plant, but, for many reasons a bessemer converter is not suitable
for the reduction of cold pyrite to matte, nor has it any arrangement
for allowing the matte to accumulate out of the reach of the blast.
Upon running the molten mass from the ladle into one of the ingot
molds, the slag ran in a thick eylindrical stream of perfeet con-
tinuity, falling without noise a distance of some feet into the liguid
portion below. This lasted five minutes, and resembled the effect
produced by illuminating a continuous column of liquid by a ray
of light passed along its axis.
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Further experiments with a bessemer plant were made on Febru-
ary 5, at which Prof. Roscoe and other friends were present. The
first experiment was accidentally overblown, besides being chilled
by the addition of more than the calculated quantity of sandstone.
In attempting to continue the operation by the addition of lumps
of pyrite, the strong current of air traversing the silicate of iron
chilled it, and caused the mass to set in the vessel. It was partly
extracted by the aid of coal, and partly by means of rods. About
2 ewt. of coal was now thrown into the empty vessel, and lumps
of cold pyrite were added. The blowing being resumed, liquid
sulphides accumulated on the tuyere hearth of the vessel, and
pyrite and sand were continuously introduced during eight hours.
While the operation was in progress a steam-pipe burst, and the
blowing was discontinued for 20 minutes. The contents of the ves-
sel, however, remained fused, and the operation was continued
without any difficulty. During the 8 hours the blow lasted, a con-
tinuous jet of sulphur vapor burned at the mouth of the converter,
where it came in contact with the external air. Round the edges,
particularly at the base, the flame was of the well known blue color
of burning sulphur; but the body of the flame appeared of a green-
ish tint. This was due to the yellowish brown color of the unburned
incandescent vapor of sulphur and the blue color of the sulphur
flame; viewed through a small direct-vision spectroscope, many
absorption bands were seen occurring at apparently regular inter-
vals, from the red to the violet. Dr. Watts believes the spectrum
to be principally due to the sulphur. Over 8 tons of sulphur vapor
was probably burned in the 8 hours, and about 18 tons of raw
pyrite was treated.

The slag formed in the experiments principally consisted of a
silicate of protoxide of iron, but contained some sulphur as sulphide
of iron. If, after the matte has been separated from the slag, the
latter is further bessemerized, and thus partly converted into
silicate of peroxide of iron, the sulphide of iron will be entirely
oxidized, and the slag consequently will contain no sulphur. The
oxidation of FeO to Fe,0, would produce the heat necessary to
maintain the slag molten during this operation.

It is probable that the form of furnace eventually adopted will
be a modification of the ordinary blast-furnace, fitted with a tuyere
hearth. Such a furnace, built on pillars, with bosh and hearth of
some substance not rapidly acted npon by the slag formed during
the burning of the sulphides would, working continuously, treat a
large quantity of material. Being built on pillars, the crucible
hearth and tuyere bottom could be replaced when necessary with-
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out disturbing the remainder of the structure, and as these would
be the only parts in contact with the fused materials, the furnace
from the bosh upward should not experience much wear and tear.
When a gannister lining similar to the ordinary bessemer lining is
employed for the bosh and hearth, the corrosive action of the FeO
would be neutralized and avoided by introdueing with the pyrite
sufficient silicious material to produce a slag containing at least as
large a proportion of silica as compared with the bases, as the for-
mula 2RO-Si0,. If, however, a basic lining is employed, the slag
should eontain less silica, and in no case more than the proportion
equivalent to the formula 2R0O-Si0,. Under such circumstances the
blowing would be continuous, the hot charge coming down to a fusion
zone, the height of which over the tuyeres would be determined
by the amount of air blown in, and the frequency with which the
blown products are withdrawn, varying likewise with the com-
position of the charge. The products could be withdrawn by tap-
ping, as with a common blast-furnace, the matte being run off
from a reservoir below the tuyeres, where it would collect. Being
thus unacted upon and undisturbed by the blast, rich matte, or
even metallie copper, could be produced. By continuing the oxida-
tion and producing Cu,S, and some metallic copper, the gold and
silver will be found with the metallic copper. It is well known
that small quantities of silver and gold are far more completely
extracted from minerals which contain them by smelting. or
treatment with fluid metal or metallic matte, than by any wet
process. The fact that by such methods practically the whole of
these metals present are collected and concentrated, is the funda-
mental principle of the analytical assay, and is proved by the accu-
racy of determinations made in this manner. A large side flue, at
the top of the furnace, would carry off the gases and sublimates
after their temperature had been reduced in heating the charge in-
troduced above through a self-closing hopper. It is calculated that
such a furnaee, 30 or 40 ft. high, with a hearth capacity of 1 enbic
metre, would be capable of treating annually 50,000 tons of pyrite,
and a similar quantity of silicious flux, working 200 days in the year.

The theory of smelting sulphides with a blast-furnace is as fol-
lows: The operation is started by placing the tuyere hearth in its
place, and throwing in hot coke at the top of the furnace. The
blast is now turned on, and the coke develops a high temperature
by its rapid combustion. The ordinary working charge of sul-
phide and flux is now introduced at the top hopper, and as the
sulphides melt the coke burns away. As soon as a layer of molten
sulphide lies over the tuyeres, the blast is increased and also the
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burden of the furnace. The charge above the fusion zone as it de-
scends is gradually heated, losing much of its sulphur by volatili-
zation before it becomes molten. On fusion, a considerable amount
of lead sulphide will distill over, accompanied by the remainder of
the arsenic as sulphide in the strong current of nitrogen and sul-
phurous acid. These gases, as they pass upward in the furnace,
will be greatly reduced in temperature by the voldtilization of the
sulphur and moisture from the crude materials. There is some
reason to believe that more than half of the sulphur in pyrite is
volatilized in the free state by this operation. The sublimed ox-
ides, sulphides, and sulphur would be collected in the wide cham-
bers with which the side flue is connected. Below in the hearth
the oxygen of the air forced in acts upon the sulphides of iron and
zine contained in the charge, and as long as a constant supply of
these substances arrives at the hearth no other constituents pres-
ent will be appreciably oxidized. A tap-hole near the top of the
hearth allows the slag to be withdrawn. The blowing would be
continuous day and night so long as the tuyere hearth lasted, and
the heat from the gases after they leave such a furnace could be
utilized so as to heat the blast or to produce steam-power for the
blowing engines. The product of about six tons of material would
be tapped every half-hour, so that in seven days work 1000 tons
of sulphide would be treated. If desired, the products could be
run direct into suitable reverberatory furnaces, when, after the
matte had settled, the slag could be run off while yet in a molten
state, and in which the oxidation of the matte could be completed.
It is diffieult to see how the charge could be overblown, but if it
were, the product could be worked up again by adding it to a sub-
sequent charge of sulphides introduced at the top.

The SO, evolved could be oxidized into sulphuric acid in cham-
bers, or reduced to sulphur by H,S. The latter decomposition
might be accomplished by driving superheated steam into the fur-
nace where the sulphides are oxidized. The SO, could also be util-
ized by Hargreaves’ process, and there are other possible methods
of treatment, such as dissolving it in water by spray jets in towers.
or by condensing the gas to the liquid state. I am indebted to
A. H. Allen for indicating to me a means by which large quanti-
ties of liquid anhydrous SO, can be produced, from which sulphuric
acid free from arsenic could be made. This plan appears to me
simple, and offers many advantages. ‘‘The gases, freed from im-
purities mechanically carried over with them, are first cooled and
then led into towers, or other suitable vessels, filled with charcoal.
which will absorb and retain the SO, and allow the nitrogen to escape.
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The SO, is afterward obtained fom the absorbent by exhaustion or
heat, and, being thus practically free from the nitrogen, can more
readily be liquefied by compression than is possible in the presence
of a large quantity of that gas. The SO, having been extracted,
the charcgal will be ready for another operation, and may thus be
used many times in succession.’’

I have thus endeavored either to prove by experimental data, or
to logically demonstrate :*

1. That the whole of the oxygen of the air driven into a thin
stratum of protosulphide of iron (FeS), is utilized for oxidation.

2. That by the heat evolved in the rapid oxidation of sulphides
and without the use of extraneous fuel other than that employed
in producing the blast:

(a) About one-half of the sulphur contained in iron pyrite (FeS,),
is expelled in the free state. -

(b) The remainder of the sulphur, excepting that left with the
matte, is principally evolved as SO.,.

(e) Although only about 20% of sulphur is oxidized, the propor-
tion of SO, to nitrogen by the new process is 14.9%, which
is a larger proportion of SO, than is obtained by copper
smelters who manufacture sulphuric acid. In the ordinary
method of burning pyrite, where 45% of sulphur is oxidized,
the ratio of SO, to nitrogen is only 16 per cent.

(d) The volatile metallic sulphides, such as arsenic sulphide and
lead sulphide, are distilled off with sulphur.

(e) Iron being more oxidizable than copper, silver, gold, nickel,
and certain other metals, these latter will be all concentrated
in the matte, provided an excess of sulphide of iron is always
present.

(f) The FeO thus formed is eonverted into slag by the addition
of the silica introduced with the pyrite.

(g) The more perfect fusion of the slag thus obtained prevents
loss of copper by entanglement with imperfectly fused ma-
terial.

(h) About 16 to 20 cwt. of incombustible material, having a
specific heat of 0.15 to 0.25, can be added per ton of pyrite
when a cold blast is employed, assuming that 1000°C. is the
temperature necessary for the operation.

(i) The quantity of similar incombustible material can be in-
creased to 30 to 34 cwt. to each ton of pyrite operated on,

*Much of the experimental data given in the'orlglnal paper has, from con-
siderations of space, been omitted.—EDnIToOR.
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when a hot blast of 500°C. is employed, assuming that 1000°
C is the temperature necessary for the operation.

(3) Such incombustible material may contain larger or smaller
quantities of valuable metals as oxides which will pass into
the matte or be volatilized as sulphides, after double decom-
position with FeS present in the molten bath. Thus silicates
of nickel or copper would be converted into sulphide of
nickel or copper, and be concentrated in the matte.

3. That when employing a silicious lining for the furnace the
corrosive action of the FeO formed is greatly mitigated, if not
practically avoided, by the addition of sufficient silica with the
charge of pyrite to produce a slag containing more silica than is
required by the formula 2(MO)SiO, (M representing an atom of
divalent metal).

4. That the quantity of coal necessary to produce the blast, cal-
culated on the oxygen requisite for the oxidation which takes
place, is 114 cwt. per ton of pyrite.

5. That to heat the blast to 500°C. an additional amount of less
than 1 ewt. of coal per ton of pyrite is sufficient.

6. That the new process would materially avoid the destruction
of vegetation now so bitterly complained of in Spain, and, at the
same time, would greatly increase the profits of the pyrite companies
that now employ the cementation process.

7. That the new process could be advantageously employed by
the copper smelters for treating rich copper ores on account of the
great economy there would be in labor and fuel.

8. That the cost of plant is small, compared not only with the
quantity of material it would treat, but also on account of the
additional profits derivable from the new process.
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DEVELOPMENT OF CONVERTER PRACTICE
(Editorial, November 2, 1912.)

Less than a half century ago all the copper produced from sul-
phide ores was converted from sulphide into metal by a tedious and
expensive series of repetitions of roasting and smelting processes.
Now the use of the so-called ‘bessemer’ converter is universal and
the successful development of an upright converter, 20 feet in
diameter, at the (reat Falls smelting plant of the Anaconda com-
pany, as described in earlier issues, affords an opportunity for a
review of the development of converter practice. The primitive
ancestor of the conversion of matte into copper through oxidizing
the sulphur by means of a blast of air was the mabuki method.
practised in Japan from early times. This method had no influence
on progress, however, and it was not until after Japanese metallur-
gists had adopted the modern type of converter that the similarity
of its principle of action to that of the mabuki method was pointed
out. Development had its inception in the pointing out by Henry
Bessemer that the removal of the carbon in pig iron could be ac-
complished by blowing air through the molten mass, as the heat of
oxidation of the carbon and silicon would be sufficient to keep the
mass molten until the completion of the operation. The analogy
with the sulphur in copper-iron sulphides soon suggested itself to
metallurgists, and experiments were made by Kupelweisse in 1868
and by Jossa and Lalitin in 1871, with the idea of producing copper
from matte in the bessemer steel converter. But, as pointed out by
Mr. James Douglas, in his review of converter development, these
experiments were dropped when it was found that the copper
chilled as it formed and choked the tuyeres, this unexpected result
giving rise to the too hasty assumption that the method was im-
practicable. A few years later John Hollway made a series of ex-
periments and later presented several good papers before the Liondon
Society of Arts, deseribing the results obtained. Elsewhere in this
issue we reprint the more significant parts of the first paper, a fuller
presentation of which the limitations of our space unfortunately
serve to prevent. Hollway so clearly mapped out the general field
that his work deserves to be better known by metallurgists, to whom
the Proceedings of the Society of Arts is comparatively inaccessible,
and we accordingly republish it for the benefit of our readers. Holl-
way points out that the heat generated by the oxidation of the iron
and sulphur is sufficient to maintain the mass in a molten state dur-
ing operation, and that the difficulties are lessened when the active
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mass is greater; the latter a factor of which the full force has only
recently been realized. Ile further painted out that the SiO, re-
quired to form a slag can either be derived from the silicious lining
of the converter or from silicious material thrown into the converter
during the progress of the operation, and suggests that in this way
quantitics of silicious gold and silver ores may be smelted. DBut
lollway was more impressed with the possibilities of his method
as applied to the production of a rich matte from low-grade sulphide
ores, having directed his experiments to that end, and after re-
marking that the ordinary form of bessemer converter is not alto-
gether suitable for this work, proposes the use of pyrite smelting
in a modified form of blast-furnace. Having blocked out the essen-
tial features both of the converting of matte and of pyrite smelting.
Hollway was not equally successful in the development of the neces-
sary apparatus. The many accidents of converter operation, now so
familiar, served to effectually deter his financial backers, and this
brilliant series of experiments came to an untimely end. Shortly
afterward, M. Manhés attempted the making of copper from matte
in the bessemer converter at his rolling mill at Védennes, and. having
hit on the expedient of placing the tuyeres at such a height that the
blast would not chill the metallic copper as it formed, he met with
such success that he proceeded to erect a full-sized plant at Aiguilles,
about 50 miles north of Marseilles. Here two 3-ton bessemer con-
verters were used, in one of which the matte was concentrated to
60 per cent copper, then transferred and blown to blister copper in
the second. It is truly remarkable that so important an advanee
in the art of copper smelting should be made in a country of so
little importance as a source of copper that it does not ordinarily
‘appear in the list of prodvecers, and at a place so obsecure. The
honors may fairly be divided between Manheés and Hollway. Tloll-
way made a scientific study of a general problem with commendable
thoroughness, but unfortunately he slighted the most important
possibility of his results, and his experimental work was incon-
clusive. Manhés, on the other hand, concentrated his attention
upon the making of copper from matte, and being able to experi-
ment at his own plant, quickly attained success.

Development of the method now transferred itself to this country.
Franklin Farrel followed the lead of Manhés at the Parrot works
at Butte, with the assistance of some of Manhés’ pupils, so success-
fully that six converters were soon at work, the scheme of keeping
the tuyeres free from copper by systematic punching, initiated at the
Parrot, being a material aid to success in operation. By 1890 the
advantages of the new method were generally recognized and con-
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verters were in use or under construction at Anaconda, Great Falls,
Butte, and Ashio, Japan. All these plants used some modification of
the upright type of converter, and it was not until later that the
horizontal type of converter was first employed in America at the
Vivian plant at Sudbury, Ontario. The management of the Copper
Queen company had studied the operation of small converters of
this type at an Italian smelter at Leghorn and 5-ton converters were
constructed for experimental purposes. The purpose of the design
of the horizontal or ‘Bisbee’ type, as it afterward came to be known,
is to obviats trouble from the chilling of the copper at the tuyeres
by placing them in a horizontal row on one side so that by tilting the
converter the tuyeres may be kept above the level of the accumu-
lated copper. For a variety of reasons this type of construction
strongly appealed to metallurgists, and its use became so gencral
that it was not long before only a few plants retained the upright
construction. Among these was the smelting plant at Great Falls,
where the staff not only adhered to the type, but developed it from
7 feet in diameter to 20 feet in diameter, and have earned the right
to attach the name of Great Falls to this form of construection,
originally known as the Parrot type. Meanwhile the changing flux
of conditions had led, through a series of experiments which would
require too much space for mention, to a general use of Hollway’s
method of throwing in silicious material through the mouth of the
converter, and it was found useful to observe his suggestion that the
difficulties of operation are less when the mass of material treated is
areater. Messrs. Pierce and Smith accordingly devised a large hori-
zontal econverter with a basic lining which could be successfully used
and was generally adopted at the plants of the American Smelting
& Refining Company. The original form of this converter was
mechanically imperfect, and exhibited in exaggerated form the
drawbacks of the Bisbee type. The shape of the lining in the hori-
zontal type is structurally imperfect to resist the strains resulting
from changes of temperature and the effects of mechanical abrasion.
The shape of the lining in the upright type, a vertical eylinder, is
mechanically good, and as a result this type of construetion is being
adopted at the Cananea, Copper Queen, Calumet & Arizona, and
Arizona Copper Company plants, and at the El Paso and ITayden
plants of the American Smelting & Refining Company as well. The
use of large upright converters with basie lining decreases the cost
of converting nearly to the irreducible minimum of the power cost
for air, and the minimum of labor for charging, pouring, and punch-
ing of tuycres, and it seems improbable that any further great ad-
vance will be made, though metallurgists will continue, as in the
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past, to constantly improve their practice within the limits of the
basal definition of metallurgy as the art of making money out of
ore. Meanwhile Messrs. C. W. Goodale, H. A. Wheeler, and the staff
of the Great Falls plant have the satisfaction of knowing that ‘stick-
ing to the job,” in the words of Mr. E. P. Mathewson, does bring
gratifying results.

DEVELOPMENT OF CONVERTER PRACTICE

By HerBERT HaAas
(October 25, 1913.)

In the Mining and Scienlific Press of November 2, 1912 there ap-
peared an excerpt from the well known paper by John Hollway,
‘A New Application of a Process of Rapid Oxidation by Which
Sulphides Are Utilized as Fuel,” presented before the Society of
Arts (London), February 14, 1879. In the accompanying editorial,
entitled ‘Development of Converter Practice,” as is usual in articles
dealing with the history of copper converting, Pierre Manhés re-
ceives sole credit for having developed the first successful copper
converter notwithstanding the fact that Paul David, who was then
Ingenieur-Dirécteur of the Védennes works (Vaucluse), of which
Manhés was the owner and furnished the means for the trials, did a
ereat deal of original work, and as metallurgical engineer and co-
worker of Manhés should at least share equally with him in the
honor of being the. first to devise a successful copper converter.
Nor can I agree with a possible inference from that editorial, namely.
that John IHollway made his experiments to devise a process of
bessemerizing eopper matte. On reading his article critically it be-
comes apparent that what he advocated and was trying to do 1s
pyrite smelting as practised today. Because he used the term
‘bessemerizing’ and gave to his experimental apparatus the name
‘converter’, a number of well known metallurgists aseribe to him
the important initial work of bessemerizing. As a matter of fact,
ITollway wanted to get away from the bessemer converter, and so
states in his article, and deseribes a furnace as being more practical
in carrying out his idea, namely, to produce matte from pyrite ore
without the use of extraneous fuel.

Robert Sticht, in his chapter on pyrite smelting, in E. D. Peters’
‘Modern Copper Smelting.” accurately remarks: ‘“To John Hollway
of England is due, therefore, the credit of being the founder of the
smelting process advocated in these lines’” ‘A new application of




RECENT COPPER SMELTING 217

Bessemer’s process of rapid oxidation by which sulphides are
utilized for fuel.” ‘‘When metals are extracted from their ores by
fusion the necessary heat is always obtained by burning coal, coke,
or other form of carbon. I wish, however, to remind you that sul-
phides can be made to burn in air, and are thus combustible sub-
stances, while oxides are bodies that have already burned, which as
you know is the conventional expression for entering into combina-
tion with oxygen. The metallic sulphides, consequently, are natural
combustible minerals, and my object is to prove that they can be
utilized as a source of heat in certain metallurgical operations. The
most important of the mineral sulphides is pyrite, both on account
of its occurrence and the extent of its deposits.”” But Hermann A.
Keller, in his chapter on ‘Bessemerizing Copper Mattes,’ in the same
work, as well as James Douglas,' again refers to Hollway as an
experimenter trying to apply the converter to the conversion of
copper sulphides. Hollway had in mind the treatment of sulphide
ores, and their conversion into a molten state with a corresponding
concentration of the copper sulphide into a regulus, without the
use of extraneous carbonaceous fuel, but did not attempt to convert
matte into copper.

A few quotations from his article will bear me out in my views.
‘“‘“These experiments were carried out with the ordinary bessemer
plant, but for many reasons a bessemer converter is not suitable
for the reduction of cold pyrite to matte, nor has it any arrange-
ment for allowing the matte to accumulate out of the reach of the
blast.”” ‘‘The blowing being resumed, liquid sulphides aceumulated
on the tuyere hearth of the vessel, and pyrite and sand were continu-
ously introduced during the eight hours.’’

‘“It is probable that the form of furnace eventually adopted will
be a modification of the ordinary blast-furnace, fitted with tuyere
hearth * * * the blowing would be continuous, the hot charge
coming down to a fusion zone, the height of which over the tuyeres
would be determined by the amount of air blown in, and the fre-
quency with which the blown products are withdrawn, varying
likewise with the composition of the charge. The products could be
withdrawn by tapping, as with a common blast-furnace, the matte
being run off from a reservoir below the tuyeres, where it would
collect. Being thus unacted upon and undisturbed by the blast,
rich matte, or even metallic copper, could be produced. By continu-
ing the oxidation and producing Cu,S, and some metallic copper, the
gold and silver would be found with the metallic copper.”’

'Trans. Inst. Min. & Met., Vol. VIII, 1899.
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In this last sentence Ilollway discloses that he wanted to make
use of the well known Welsh process of bottom smelting; the con-
centrating of silver, gold, and impurities in a small amount of
metallic copper which, if separated from the white metal, would
leave the latter remarkably free from impurities, thus facilitating
and cheapening the refining process of the bulk of the copper. This
well known property of certain metals and metalloids to form with
copper saturation products, alloys, or ‘solutions,” in preference to
remaining in the 'white metal’ was made use of later by David in
his ingenious sélecfeur or best selecting process of making copper
bottoms in the converter, in lieu of the Welsh practice of doing it in
the reverberatory furnace. He provided his converter with a
pocket, in which was collected the copper reduced during the first
10 minutes of blowing on white metal. This copper acts as a
collector or sélecteur for the impurities, like arsenic and antimony,
tellurium and selenium, gold, and, to a lesser extent, silver. This
small amount of cobper (aggregatimg about 109 of the total amount
converted per charge) is tapped and leaves the rest of the copper
reduced afterward (by continuing the blowing on white metal) re-
markably pure and free from impurities. The importance of this
practice for small works has been fully discussed by Paul David.
Jannettaz, James Douglas, and others.

To continue Hollway’s article: ‘‘If desired, the products could
run directly into suitable reverberatory furnaces, when, after the
matte had settled, the slag could be run off while yet in a molten
state, and in which the oxidation of the matte could be completed.’’
Evidently it was Hollway’s intention to oxidize this matte or white
metal by the then used methods of reaction smelting, by roasting
a portion of the matte and having the dead roasted and partly
oxidized caleine (sulphates and oxides) react with the molten sul-
phides, as was done in the well known Nicholls process.

These quotations should prove conclusively that Hollway had not
in mind the conversion of copper matte into blister copper, but that
he wanted to smelt raw pyrite in order to get the copper in it into
a more concentrated form, that of matte, which he wanted to collect
in a hearth ‘‘removed from the action of the blast.”” His experi-
ments are indeed interesting as being the first authenticated attempt
on record at pyrite smelting. Ilis logic was sound as far as the
well recognized facts were concerned, that sulphides can be made
to burn in air and the metallic sulphides consequently are natural
combustible minerals, but he made the mistake of trying to con-
duct the two distinet operations of smelting and of refining (which
the bessemer proeess really is) at one and the same time and in the
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same apparatus. Starting with a pyrite ore, with 2 or 3% copper,
and requiring the addition of 1% to 34 ton of silicious ore, the con-
centration of this small copper content in the original furnace feed
into blister copper would have required the handling of 60 to 100
tons of material for every ton of copper. This presents many practi-
cal difficulties, unless the two operations of smelting and converting
are conducted separately. He approached this problem more as a
laboratory worker than as a man who has practical knowledge of
furnace operations. A parallel approaching Hollway’s work is
found in the Knudsen process, which attempts to smelt and convert
simultaneously. The Knudsen ‘converter’ is, however, lined with
magnesite. This process was at one time in operation at Sulitjelma,
Norway, and was also tried at the United Verde smelter, Jerome,
Arizona. |

Reviewing briefly the essential features of the development of the
copper converter,*it will be found that the idea of applying the con-
verter to the conversion of copper matte occurred to several soon
after Sir Henry Bessemer’s address at the Cheltenham meeting be-
fore the British Association on August 11, 1856, ‘‘on the manufacture
of malleable iron and steel without fuel.”’ Gossage, Baggs, and
Keates secured patents to apply the process to ‘copper matte in
1856. Four years later, Hunter secured a similar patent. In 1862
the Glass and Lecere patents followed.? In 1866 Peter von Rittinger,
better known through his extensive work on ore dressing, advocated
the adoption of the Bessemer process to ecopper sulphides, and made
experiments in HHungary, in 1867, at the Schmollnitz works. In
Oesterreiche Zeitschrift fiir Berg- und Hiittenwesen, 1886, pages 68-
71, there is a description of his attempt to convert matte in the
reverberatory furnace by passing a pipe through the matte and
blowing air'through the molten bath. This ‘Zugutebringen der
Kupferrohleche durch Verblasen derselben nach Bessemer Art’
(Beneficiation of copper mattes by blowing according to Besse-
mer’s process) met, however, with no more success than the previous
attempts of others.

More successful was the work done at the Wotkinsk smelter in
the Urals, in 1866, after Sememikow, a mining engincer, and
director of the Bogoslovsk mining district, had proposed the appli-
cation of the bessemer converter to the blowing of copper matte to
black copper. The blowing was, however, only carried to the white
metal stage, with 72 to 80% copper. The matte converted contained
315% Cu, 25.3% S, 39.4% Fe, and the concentrated product had

‘Bulletin de la Société Scient. Industrielle de Marseilles, 1901, pp. 78-79,
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the composition. 77.5% Cu, 19.3% S, 1.76 Fe. The slag assayed
34.46% Si0,, 4.73% ALO,, 3.06% Ca0, 55.26% FeO, 2.13% CuO,
0.11% S, and metallic copper 1.7%. About 1300 1b. was handled
per charge. An English type of the standard steel converter
was used. This blowing operation, taking about 20 minutes time,
obviated at least one roasting and re-smelting of the matte by a
slow and tedious process, the white metal thus obtained by convert-
ing being dead roasted and smelted to black copper in a reverbera-
tory furnace.> The patents of Rath in America in 1866, of Dixon
in England in 1869, of Gibb, Gelsthorp, and Tessie due Motay in
1870, and of Lavoissier in 1874 evince the interest men gave to this
matter of devising a successful process for the bessemerizing of
matte.* In 1878 and 1879 IInllway made his interesting experi-
ments in pyrite smelting. )

In 1880 Pierre Manhés and Paul David attacked the problem at
the Védennes smelter, in Vaucluse, France, of which Pierre Manhés
was the owner, and David the engineer in charge. Fortunately, they
did not know of the many failures that had preceded their work,
or it might have discouraged their efforts. They made their first
experiments in a small steel converter, holding a charge of about
110 1b. Tt had a wind-box in the bottom, and the tuyeres were
vertical, thus admitting the blast into the molten metal from the
bottom. They began with a matte containing 25 to 309 copper,
which was first melted in a reverberatory furnace. The lining was
made of sand. The operation went along nicely until the matte had
been concentrated into white metal. Then, after the tuyeres had been
cleared, there was a violent boiling and foaming of the charge, and
a portion of the charge was thrown out. It is quite possible that the
slag had not been removed and that when blowing on white metal
began. the well known phenomenon of ‘foaming’ was the result.
This takes place when the white metal is blown with the slag still
covering it. As the oxidation of the white metal proceeded, and the
copper was thrown down, being immediately above the tuyere
orifices, and having no heat producing impurities to give off, it
chilled. The tuyeres clogged. and the hlow came to a premature
end. Variations of the copper and iron content of the matte had
no appreciable influence on the result.

But Manhés and David were not discouraged by these first fail-
ures. They soon discovered that the chief diffienlty appeared to be

‘Berg- und Hiittenmannische Zeitung, 1871, p. 7 et seq.

‘P. David, Bulletin de la Société Scient. Industrielle de Marseilles, 1901, p.
TR,
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the clogging of the tuyeres by the chilling of copper, which cut
off from the superimposed white metal the wind supply and thus
stopped the blowing operation. They exchanged the vertical tuyeres
for horizontal ones, placed a few inches above the bottom of the
converter. The wind-box was changed into a hollow ring which
supplied the blast to the different tuyeres. This arrangement is
similar to the one used later on blast-furnaces instead of the bustle
pipe and tuyere pipes, the main delivering the air into this wind-
box, this type of furnace having been used at Bisbee at one time
(1902-1903). With this construction they overcame the difficulties
first encountered, the copper remained liquid until the entire charge
was blown, even in this small apparatus.

In view of Hollway’s work and that of Manhés and David, it is
significant that the latter two started with matte, recognizing from
the start the essential differences between a bessemerizing operation
and a purely smelting operation, starting with raw ores. Another
departure they made from steel bessemerizing is that they initially
intended to have the sand lining furnish the silica required for slag-
ging the iron, whereas Hollway painstakingly tried to avoid the
attack on the gannister lining of the converter by attempting an
impossible silicious slag. Since the extent to which iron and silica
combine with each other in the acid copper converter is left to the
free disposition of these two substances, the natural slag is a basic
one, and for this reason a basic lining is the successful lining of the
copper converter of today.

After these preliminary trials, conducted over a period of one
vear at Védennes, the process was introduced on a larger scale at
Eguilles, near Sorgues, Vaucluse. The new works consisted of
three blast-furnaces, two reverberatories, and three converters. In
1884 the plant was increased to five blast-furnaces, two reverberator-
ies, six converters, and two refining furnaces.®* As a variety of
mattes had to be treated (mattes high as well as low in iron and
correspondingly low and high in copper), with the variety in eustom
ores handled and treated, it frequently happened when blowing low-
grade matte that the enriched matte or white metal would be belon
the tuyeres, so that the blowing was on slag, and the charge could
not be blown to a finish, yielding copper. This difficulty was first
overcome by removing the enriched matte or the white metal to
another converter and finishing the blow in that manner. But it
soon led to the adoption by Paul David, in 1885, of a eylindrical
form of eonverter that could be turned around its central longitudi-
nal axis. With this construction the relative position of the tuyeres

*Bulletin de la Société de L’'Industrie Mineral de St. Etienne, 1901, p. 614./
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could be changed (raised or lowered), so that a variety of mattes
could be blown in the same converter and in one operation. It
also reduced the blast pressure needed. It is this cylindrical form
of converter that was introduced at Livorno, Italy (known as the
Leghorn converter), and adopted later by the Copper Queen Con.
Mining Co. for its Bisbee works.

Soon after success had been achieved by Manhés and David at
YVédennes, the Société de Metallurgie du Cuivre (procédé Pierre
Manhés) was formed to exploit the process. Vernis, who had for-
merly worked at the Eguilles works, built and operated for one year
the first converters in America, those of the Parrot Silver & Copper
(0., at Butte, Montana. Franklin Farrel, of course, was instrumen-
tal in introducing the process in the United States, and deserved
the credit of ‘pioneering.” This is all the more creditable, because
the Anaconda was then, as it is now, the largest copper producer
in Montana, its production then being nearly 50% of the total state
production, whereas that of the Parrot works was materially less.
The Parrot works was the only works which at that time shipped
black copper, or blister copper, the other works shipping rich matte.

COLLAR PULLER FOR CONVERTERS
By L. O. HowaARrp
(May 17, 1913.)

An important feature of converting practice is the keeping open
of the mouth of the converter. The material thrown up by the vio-
lent agitation caused by the blast is thrown up through the open
mouth, where, through cooling, it becomes attached and gradually
builds up ‘noses’ or ‘collars’, which if allowed to g’row unchecked
will in time completely close the opening. This difficulty is espec-
ially marked in the operation of the basic lined converter, since
the preservation of the lining requires that the temperature be kept
moderate. The best method of dealing with these aceretions is to
remove them as fast as they form, the common practice being to pull
away the crusts with a hook operated by the erane, the converter
being tilted at an angle of 45°. Another device has been perfected
at the converting plant of the Old Dominion C. M. & S. Co., at
Globe, under my direction. This is shown in the accompanying
illustration.

After giving hooks of different shapes and sizes a thorough trial
at the Old Dominion plant, it was decided that they were impracti-
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cable, and experiments were made along other lines. Lee Young, one
of the converter foremen, suggested using a heavy bar hung hori-
zontally in such a manner that when dropped through the mouth of
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the converter the ends would catch under the projecting crusts and
remove them.

When a rim is to be pulled, the cutter is picked up by the crane
and dropped tail first through the mouth of the converter. The cut-
ting end is worked into position where the bite is to be made, and a
pull taken with the crane, thus lifting the tail end until it comes into
contact with the ‘opposite side of the converter and forcing the cut-
ting tool into the collar. A steady pull with the erane will draw
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the tool through the mass until near the top, when the collar breaks
and comes away easily.

One strong point in its favor is that the steel cutter easily tears
through the heaviest collar without lifting the shell from the rolls.
A bite at any angle may be taken and a greater or less amonnt of
material removed at will. Fifteen or twenty minutes work each
shift is sufficient to keep the shell open to any size required.

OPERATING COPPER CONVERTERS BY ELECTRIC MOTORS

By G. B. ROSENBLATT
(May 17, 1913.)

. The use of electricity for operating copper converters is coming
more and more into vogue in progressive smelters throughout the
West, supplanting to a great extent hydraulic operation which used
to be the rule in the old days. Eleetric driving has proved so satis-
factory thai many installations have been made with converters of
all sizes. The largest converter at present electrically operated is
_the one of 250 tons capacity recently constructed at the Great Falls
plant of the Anaconda Copper Mining Co. The converter proper.
not ineluding bearings and gears, weighs about 65 tons, and will
take approximately 50 tons of charge. This converter is to be
operated by a 100-hp. Westinghouse, type ‘MC’, direct-current
motor.

The first converters to be electrically driven were equipped with
direct-current motors, but an entirely satisfactory alternating-cur-
rent motor has now been developed for this service, and a number
of installations of this type have recently heen made which have
proved entirely satisfactory. With either direct or alternating-cur-
rent motors, the most approved practice is to gear the motor to a
jack-shaft which in turn drives the large gear on the converter
proper through a worm-gear. This prevents any slippage and elimi-
nates the possibility of the converter pulling the motor past any
position desired. Motors for this work are usually totally enclosed
so as to make them dust-proof, but in some of the more modern
installations it has been the practice to install the motor alongside
the converter in a sheet iron housing of its own, in which case.
while there is no disadvantage in having a totally enclosed motor,
absolute dust-proofing is not altogether necessary. The accompany-
ing illustration, Fig. 33, shows a barrel-type converter with basie
lining, at the plant of the International Smelting & Refining Co. at
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Tocele, Utah. A totally enclosed Westinghouse motor is used, but
installed in the housing shown at the right of the converter. The
type of motor used is the same as that shown in the illustration
of the converter erane,

The chief advantage of motor operation over hydraulic operation

Fi1a. 33. CoNvERTER AT I. S. & R. PLANT.

is the smoothness of the motion. The converter starts gently, with-
out halt or jar, and this is bound to increase materially the life of
the lining. Smoothness of operation is of particular importance
with quartz-lined converters, but is not to be disregarded in the
operation of basic-lined machines. The smoothness and ease of
motor control also obviates much of the danger from the splashing
of molten charge within the converter. An electric brake is usually
attached to the motor, and is applied automatically whenever the
current is shut off from the motor. It holds the converter dead
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even in case of failure of power, and makes an entirely satisfactory
accessory.

Motors for converter service are usually built with some special
characteristics. Absolute reliability is of prime importance, as the
converter operation must not be interrupted. To secure this, a
strong and rugged construction is employed similar in many re-
spects to that employed for motors used in steel mills. A high

Fi1G. 34. MOTOR-DRIVEN CRANE.

overload capacity is provided to take care of emergencies, and the
installation is designed to withstand high temperature, so that even
a splash of molten metal from the converter mouth on the motor
will not burn it out. Totally enclosed dust-proof construction is
recommended, but is not an absolute requirement when a separate
housing is used over the motor. Ease of inspection or repair in case
of some accident should be given great consideration, and these
motors for converter service are therefore usually built so that any
part can be quickly and efficaciously removed and substituted.

The best practice is to equip the cranes for charging and handling
the converter with the same type of motor equipment that is used to
operate the converter proper. These motors on the cranes are sub-
jected to much dust, fumes, and high temperatures, so that the
rugged construction of the converter motor is not at all out of place.
Further, the use of identical motors on the crane and on the con-
verter simplifies the matter of spare parts, an advantage by no means
to be overlooked when the absolute necessity of keeping things
moving is considered.
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MINERAL LOSSES IN GASES AND FUME

By F. G. COTTRELL
(March 30, 1912.)

. *In considering the mineral wastes passing out of the stacks of
our smelters and metal refineries, distinction must be clearly made
between the gases themselves and the clouds of suspended solid and
liquid particles which they mechanically carry along with them. In
which class a material belongs often depends, to be sure, on tempera-
ture. Many metallic compounds are actually vaporized in the fur-
naces and gradually condense from gases into clouds of solid
particles with the progressive cooling of the gas streaming through
the flues. Arsenic in the form of the trioxide is usually the last of
these materials to condense, since even down to 150°C. its vapor
tension is sufficient to permit the loss, in the gaseous state, of several
tons per day for the largest plants. But below, say 125°C., for
ordinary technical purposes it may be considered that the only im-
portant element in the gaseous state is sulphur, in the form of
dioxide.

For many centuries the material nature of gases and the fact
that they actually possess weight escaped the chemist. Even today
a distinet effort of mind is required to sense the vast tonnage of the
clouds to be seen floating away so lightly from smelter and power-
house stacks. There are many single stacks in this country, from
each of which over five tons of gas issue per minute, while in
isolated instances this is exceeded several-fold.

Aside from carbon, the element which is lost in the greatest ton-
nage is unquestionably sulphur. Many of our Western ores will
run from 25 to nearly 40% sulphur, and a plant smelting 1000 tons
of ore per day is at present considered to have a very moderate
capacity. The largest plants will easily touch the 1000 mark in tons
of sulphur passing up their stacks when at full capacity. On stop-
ping to think that this represents three thousand tons of concen-
trated sulphuric acid, were it made into such, and that one such
plant could have supplied all the acid used in the whole phosphate
industry of the United States a year ago, it is easier to appreciate
the skepticism of the smelter companies regarding acid manufaecture
as a general solution of the sulphur fume problem. The disposal
of this sulphur presents unquestionably the gravest problem con-
fronting the metallurgical industry today.

*Abstract from the Journal of Industrial Engineering & Chemistry.



228 RECENT COPPER SMELTING

Suggestions have not been wanting for methods of direct absorp-
tion of this gaseous sulphur dioxide by water, limestone, lime, or
charcoal, either as a means of final disposal, or as a step in its con-
centration and final liquefaction under cold or pressure. One of
the most ingenious and attractive is that it be used for decomposing
fine granulated and moistened slag,! thus fixing the sulphur in harm-
less ecompounds and, at the same time, leaching out any metal still
held in the slag. While many of these are perfectly practicable
on a laboratory seale, the tonnage to he handled and the cost, either
in first installation or operation, have prevented them from produe-
ing any practical results up to the present.

From a chemical standpoint, the other obvious alternatives con-
sist either in oxidation to sulphurie acid or reduction to elementary
sulphur. Of these two, the first has the advantage of requiring no
additional substance save the oxygen of the air, and of running
itself, when properly catalyzed. without need of external energy,
but unless an immediate market is at hand for the sulphurie acid.
its disposal in turn becomes difficult and often impossible.

The greatest consumption of sulphuric acid in this country to-
day is in the manufacture of superphosphate fertilizer, but, until
very recently, the chief demand for