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PREFACE

Tai1s book is a summary of what I know, that appears to
me to be likely to interest a generally well-informed but
not technically instructed reader, about the manufacture
and supply of Town Gas and its uses. There is no other
work devoted to this aspect of the subject, which is so
closely associated with the life and work of modern towns
that ““ the country ” has been defined as * the parts beyond
the gas lamps.” ‘

There is reason for thinking that few of the large section
of the public which has to do in one way or another with
Gas, as consumers, or as owners of Gas property, have yet
learnt to adequately appreciate the part which this great
industry is competent to fulfil in the service of the com-
munity as a saver of domestic labour, a household comfort,
an aid to manufactures and trade, a cure for the smoke
evil, and a frugal utilization of our national coal supply.
The statements made and the views expressed in the

following pages respecting these and other matters, some



vi PREFACE.

of which may be debatable questions, are purely personal
where no authority is cited, and are neither final judg-
ments nor representative of aught beyond the fruits of my

own experience and reflection.

The examples of apparatus illustrated, from drawings
and photographs for the use of which I am indebted to
various firms and others, are to be regarded as selected
types of their kind, rather than as indicating any
preference for the particular design or make thus

signalized.

THE AUTHOR.
September, 1907, ’
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TOWN GAS AND ITS USES.

CHAPTER 1.
THE NATURE AND PROPERTIES OF “TOWN GAS.”

Definition of term ¢ Town Gas ”’—Importance and volume of the gas
industry—Its recent expausion—Physical properties of Gas—Its
nature and legal description—Specimen analyses—The town gas
of the future—Definition of illuminating power—The invention
of the incandescent gas light—Effects of this invention—Economic
and industrial bearings of the illuminating power standard of
quality—Gas photometry—Meaning of candle power—The purity
of gas—The fuel value of gas—Its flame-temperature—Gas
pressure.

“TowN (as” is the name that has been given of late
years to the familiar gaseous combustible and illuminant
which is distributed by means of pipes laid under the
streets of every considerable town and populous neigh-
bourhood throughout the civilised world. Originally called
“coal gas,” or simply “gas,” this commodity has every-
where been manufactured and distributed by identical
methods, the composition also being uniform, ever since
the industrial and commercial possibility of this enterprise
was established by a London company, now styled The Gas
Light and Coke Company, in the early years of the last -
century. The qualifying word “town,” quite properly
prefixed to the name of the maanufacture in recent years,
is in recognition of the circumstance that technical and

T.G. B



2 TOWN GAS AND ITS USES.

economic considerations, operating with varying force,
have brought about in different localities the admixture
with the coal gas of a new preparation called technically
“ water gas,” or * carburetted water gas.” In some parts
of the United States the latter product forms the whole
of the supply. Even when so modified, however, the
general character and useful properties of the commodity
conform to the same type, which has stood its ground for a
hundred years, and for which there is an ever-increasing
demand, as its multifarious uses and adaptability become
more fully recognised.

The growth of the town gas industry of the United
Kingdom during recent years fully bears out the foregoing
statement. Statistical returns, dated 1906, give the total
number of active gas undertakings in the kingdom at 1,622,
with an output of about 179,000,000,000 cubic feet perannum,
and bearing 5,260,800 consumers, and 708,000 public street
lamps on their books. The capital employed is about 120
million pounds sterling; all remunerative. Of the total
number of consumers, nearly 2,000,000 are supplied by
cash pre-payment, or “ penny-in-the-slot’’ meters, a branch
of the business that has been created within the last ten
years. Almost as many householders cook by gas—an
innovation scarce twenty years old. Whilst the tale of
gas-heating appliances and gas engines in daily use cannot
be set down, as no census of them exists, it is known to
be very great, and growing fast. It is commonly estimated
by gas engineers that already quite half of the consumption
of gas in English towns is for household and trade purposes
other than lighting.

The total gas consumption of the United Kingdom has
more than doubled within the last twenty years; which
fact, taken in conjunction with what has just been stated
as to the contemporaneous creation of the fuel and power
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branches of the business, might without explanation suggest
that the lighting branch has not grown in volume. Really,
however, the increase of gas lighting has been large,
although the volume of gas used for the purpose has
considerably diminighed in proportion to the amount of
light obtained from it, owing to the vastly superior efficiency
of the incandescent method of lighting now in general use
over the lighting systems of twenty years ago. The difference
is, roughly, as from ten or twenty to one, according to the
systems compared : that is to say, for the same quantity of
gas consumed, from tenfold to twenty-fold the amount of
light is now easily obtainable, as compared with the effect
of the kind of burners employed before modern invention
had opened up this fruitful field.

The flourishing state of the town gas industry can only
be accounted for by the public appreciation of the merits of
its staple; and, generally speaking, of the system of the
supply. For, in practical affairs, the deserts of all
commodities and public services are appraised on various
different grounds, which in effect combine to produce the
net result of commercial success, or failure. Thus, the good
properties of a particular article of consumption may be
rendered nugatory by the existence of certain objections to
its use; or by the occurrence of trouble and difficulties in
the way of procuring it. In the case of town gas, its success
in holding the market against all rivals of the same order
of utility is due, first, to its possession of certain valuable
and unique physical properties, namely :—

(1) It is the sole permanent gas suitable for consump-
tion, in or out of doors, either as an illuminant, or a
smokeless fuel of high or low intensity, or as a source of
motive power : all from the same supply system.

(2) It is susceptible of perfect sub-division, without loss
of efficiency, for use in every required application for

B 2



4 TOWN GAS AND ITS USES.

lighting, or the production of heat or power. The cost to
the consumer is always in direct proportion to the quantity
consumed.

(8) As an illuminant it is equally serviceable as a
“ watch light,” burning all the year round with the same
reliable glimmer, up to the most powerful light, of 1,000 or
1,500-candle power, suitable for public street, promenade,
railway station, or workshop lighting. It is appreciated on

. the wharfside as well as in the boudoir.

(4) It is a readily available fuel, cleanly and inoffensive,
to be obtained by ‘the turning of a tap, which will grill a
chop, boil a kettle, heat a flat-iron; or melt a crucible
charged with platinum. There is no metallurgical, or
smith’s work for which its heat is not adequate; no
household warming for which it is not suitable. As a
means of domestic cooking and heating it is incidentally
a practical cure for the smoke nuisance of towns.

(5) Asa source of motive power it is cheaper, handier than,
and free from the drawbacks of steam engines in populous
places. For whatever purpose it is used, it leaves no
residue calling for removal ; reduces labour and supervision
to the minimum ; has no ‘‘ making ready,” or ‘“stand by”
losses; is always available on the instant; involves no
extra cost for insurance ; is safe in manipulation.

PavsicaL CHaracTERS.—Town gas, assupplied in London
and suburbs and the South of England generally, is chiefly
made by distillation from the sea-borne coal of the North of
England, with some local additions in a minor proportion
of water gas, or carburetted water gas. This class of town
gas, it may be stated, is the normal supply, not only of
the British Metropolitan region, but also of all places
whose natural (in the economic sense) gas coal supply is of
the same origin and carriage. It is legally classified as being
. of from 14 to 16 candle-power; and usually has a calorific



THE NATURE AND PROPERTIES OF “TOWN GAS.” 5

power of about 540 British Thermal Units, net, per cubic
foot. Its proximate composition varies slightly with the
proportion of water gas it contains. It has about the
following composition :—

Hyd . . . . 4888 .
Mir:l(:gge:s 99-99 [ combustibles
Light-yielding hydrocarbons . 4:64 " a‘nd
Carbon monoxide . . . 15-62 ) Uluminants.
Carbon dioxide . . ) 1:50)
Oxygen. . . . . 0'26t inert gases.
Nitrogen . . . . 581

100°00

It will be noticed that of the above product, all but about
7 per cent. is combustible. This sample requires about 54
times its own volume of air for its complete combustion, and
is two-thirds coal gas and one-third carburetted water gas.

A sample of wholly coal gas, of 15}-candle power, made
from Newecastle coal, shows the following composition :—

Hydrogen . . . . 4849

Marsh gas . 3590 combustibles
Light-yielding hydrocarbons . 8:83 illurﬁ?ﬁan s
Carbon monoxide . . . 6-61 ’
Carbon dioxide . . . 0'12{
Oxygen . . . . nil} inert gases.
Nitrogen . . . . 505 l

10000

This gas requires about 5} times its volume of air for
complete combustion.
In the Midlands, gas is made from various local coals,
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usually of a somewhat richer character than the Newcastle
shipments. Birmingham gas, for example, has been
returned as of the following composition :—

Hydrogen . . . . 4340

ibl

Marsh gas . . . . 8867 coml::;s(iiilb o8
Light-yielding hydrocarbons. 4:48( . .
Carbon monoxide . . . 9-46 illuminants.
Carbon dioxide . . . 016
Oxygen. . . . . .018}inert gases.
Nitrogen . . . . 870

10000

Illuminating power, 17-candles. Calorific power, net,
558 B.T.U. Air required for complete combustion, 5-4
vols. to 1 vol. of gas.

The flame temperature of any of these town gas supplies,
burning in air, is higher than the melting point of
platinum, and is probably in the neighbourhood of
1800°C. to 2000°C.

In Scotland, the richness of the local cannel coals has
rendered possible a correspondingly high illuminating
power of the gas supply, running up to 27 and even 30-
candles ; but since so large a proportion of the supply has
come, as elsewhere, to be used for purposes other than
direct lighting with the luminous flame, a movement has
started there also for reducing the candle power to the
usual English standard, which would considerably lower
the price.

This movement has already made great headway in
England, and undoubtedly, if economic and technical con-
siderations had free play, untrammelled by obsolete Parlia-
mentary requirements, and the reactionary tendencies of a
few municipal authorities, before many years had passed
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there would be little else sold besides 18 or 14-candle gas
averaging about 525 B.Th.U., net, wherever the coal to make
it from could be had cheap.

The reasons for this conclusion are manifold, and lie on
the surface of the present conditions affecting the gas
industry and the public it serves. Gas of the character in
question, containing under 10 per cent. of inert constituents,
is found by large English and European experience to be
quite suitable for all the purposes of a town supply. Under
the conditions formerly prevailing, when gas was sold
exclusively for lighting by its luminous flame, the eriterion
of its value to the consumer was its illuminating power.
Therefore, wherever the supply was under statutory control,
the undertakers were eompelled under penalties to maintain
the covenanted illuminating power, which was usually fixed
at the highest figure corresponding to the possibilities of
good working and careful management of the most suitable
raw material available.

This standard also referred to a particular test burner,
and a fixed rate of burning of the gas. The burner had to
be such as would show the gas to the best advantage, while
being suitable for use by the consumer. That is to say,
whilst being the best appliance of the kind for developing
the illuminating power of gas, the test burner was not to
be a philosophical instrument, but an ordinary trade article,
such as anyene might buy and use. The rate at which the
gas was burnt for testing was uniformly 5 cubic feet per
hour, this being a common practice ; but the choice of the
test burner was left open to every undertaking by agree-
ment with the local authority. It usually went by the
quality of the supply. In London, and for gas made from
common North of England coal, which ran from 14 to 16
candles, the test burner was, and is, always of the Argand
type—a ring of holes, with a chimney adjusted to draw in
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the proper quantity of air to completely burn the gas. If
the provision of air in such a burner is insufficient to burn
the gas at the prescribed rate, the flame smokes and tails
above the top of the chimney. A larger chimney is then
taken. If there is an excess of air, the gas is burnt
too quickly, with too short a flame, to develop its full
illuminating power.

In the case of gases of higher illuminating power, say, 20
candles (at which the expensive quality known as cannel
gas was understood to begin), this solicitude for proper
adjustment of the air to the burner ceases to be necessary.
Therefore, the test burner for such gases was, and is where
they are retained, a flat-flame burner, such as the majority
of consumers used everywhere. For the quality of gas
represented by an illuminating power of 20 candles, or
thereabouts, the use of either an Argand or a flat-flame
burner for testing purposes is a matter of indifference to the
result in candle power of the gas, burning at the rate of
5 cubic feet an hour. With the lower-grade gases
already described, the use of open flat-flame burners
always results in a loss of illuminating power by over-
aération. In the older Acts of Parliament regulating
gas undertakings in which the highest possible illuminating
power was imposed for common coal gas, such requirement
was frequently found excessive, having regard to the
character of the available coal supply. It consequently
entailed on the manufacturers the expensive and illusory
expedient of ““ enriching *’ their output, as it was mistakenly
termed, by the addition of such foreign hydrocarbons as
petroleum spirit; which merely satisfied the illuminating
power standard without contributing to the intrinsic value
of the supply. In those days, the calorific power, or fuel
value, of town gas was not considered at all.

It was not until the Welsbach invention of gas lighting

—



THE NATURE AND PROPERTIES OF “TOWN GAS.” 9

by the heating to incandescence of a foreign substance in
the bunsen, or non-luminous flame of gas mixed with air,
had become an assured success, that the supremacy of
luminous flame illuminating power was brought into ques-
tion. This was in the year 1900. In the Parliamentary
session of that year the South Metropolitan Gas Company,
of London, promoted a Bill with the object of repealing the
statutory obligation which, for upwards of thirty years,
had lain upon them, together with the two other London
gas companies, to maintain their common town gas at the
standard illuminating power of 16 candles at the testing
stations in the district of supply. The company proposed
to reduce the standard to 14 candles, offering to forego any
dividend out of the increased profits that might be realised
by working to the lower standard. Their case was that not
only might the public be reasonably expected to get cheaper
gas by this arrangement, but also that for every purpose of
the consumer the new and lower-priced gas would prove as
good as the old.

This case was sustained by evidence establishing the
facts: (a) that with the incandescent method of lighting,
the gas was merely burnt as a fuel, just as for the purposes
of cooking, heating, and the generation of motive power ;
() that luminous flame burners were fast disappearing
before the superior brightness and cheapness of incan-
descent gas light; (c) that such luminous burners as were
commonly used by the public were bad, and failed to secure
anything like a proper share of benefit from the expensively
high standard of illuminating power imposed upon the
Company. Recognising the circumstance that some time
must elapse before the general adoption of incandescent
" lighting could be brought about, and also that there might
be expected to remain a small proportion of self-luminous
burners in use for special reasons, the Company offered to
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supply their consumers gratis, during the transition
period, with a better kind of flat-flame burner, which
should yield more light from 14-candle gas than the
generality of consumers’ burners had given from the
16-candle gas.

The Company carried their point, and the example has
been followed far and wide ; although there are still some
districts where the ill-advised policy of the local authorities
in opposing the relaxation of the illuminating power stan-
dard, except on prohibitive terms, debars the public from
being supplied with the cheaper gas to which this adminis-
trative step is the necessary preliminary.

The question of what is the best quality of town gas for
any locality is merely one of value for money. In order to
arrive at a satisfactory answer to it, the use in this
connection of such prejudicial expressions as ‘‘rich” or
“poor”’ had better be eschewed. The disestablishment,
albeit partial, of the rule of 16-candle gas for London—
meaning 164 or 16% candles at the works, to provide
against accidents—immediately relieved the pressure upon
the gas coal market, and threw open enormous contracts
which previously were treated as the preserves of the
fortunate proprietors of the limited list of higher-grade
coals capable of yielding gas of this class. The same result
followed in respect of the mineral oils necessary for the
manufacture of carburetted water gas. By the operation
of the economic law of equivalent values, the price of best
gas coals had ruled that of gas oils; so that the manu-
facturer of a grade of gas requiring select raw materials
was pinched on both sides. This state of things fell away
with the legalisation of the supply of 14-candle gas by some
of the big undertakings; because practically any gas coal
raised in the United Kingdom in large quantities will yield
gas of this grade. It has quite naturally followed from
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this circumstance, that the manufacture of 16 or 17-candle
gas is continued, where the cost of the superior raw
material required to produce it has not risen out of pro-
portion to the selling price of such higher grade gas.

It must be understood, as the key of the situation, that
there is no economic or technical reason against the main-
tenance, for the time being, of the photometric test for
town gas, when carried out in a reasonable spirit, for the
protection of the consumer, according to just and fair
methods. Although this expression of the quality of
town gas has ceased to possess any other than a strictly
conventional meaning, it nevertheless constitutes inci-
dentally a real safeguard against the supply of diluted
or adulterated gas. Before proceeding further, therefore,
with the consideration of the useful properties of town gas,
it will be expedient to explain the significance of this
rule of classifying town gas, how the fact is determined,
and what it implies.

Gas ProromerryY.—It has already been expla.med that
town gas is valued by its “ candle power ”’; meaning the
equivalent brightness of its luminous flame, expressed in
terms of the number of candles whose combined light is
calculated to amount to that given by the test burner when
consuming the gas at the prescribed rate, which is usually
5 cubic feet per hour. The candles in question are
made of spermaceti, with a small admixture of beeswax
to “ break the grain,” and of the commercial size of six
to the pound. When burning at the rate of 120 grains
per hour, the candle light is standard. There is no
other standard of light known to English law. Every
artificial light used in the United Kingdom or Greater
Britain, or in the United States of America, is rated in
terms of this standard candle. [The French standard of
light is that given by the ‘‘ Carcel ” colza-oil lamp, which
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is not quite equal to the light of 10 English candles;although
this is the equivalent commonly taken for the purpose of
comparison, to avoid fractions. The German standard is
the “ Hefner " light, of a small chimneyless lamp, burning
amylacetate, equal to about seven-eighths (‘875) of an
English candle.]

In photometrical experiments actual candles are now
geldom used, a more convenient substitute having been
sanctioned in which the equivalent luminosity of 10 candles
is produced by a flame of the vapour of a special grade of
petroleum spirit called * pentane” and air, burnt by means
of a lamp invented by Mr. A. Vernon Harcourt.

The system of testing town gas practised in the United
Kingdom can be best described by giving the particulars of
the London practice, with the reservation that the details
are not quite the same throughout the provinces. The
direction of the statutory examination of the whole of the
gas supplied in London by the three Metropolitan under-
takings—The Gas Light and Coke, the South Metropolitan,
and the Commercial Companies—is entrusted to a board of
three ‘‘competent and impartial persons,” the present
triumvirate being Professors A. Vernon Harcourt, C. V. Boys,
and J. S. Haldane, who are styled the *“ Gas Referees.” If
is their duty to issue yearly, or oftener if necessary, precise
instructions for the testing of the gas at the metropolitan
stations, 28 in number, which are so situated as to sample the
output of the various gasworks. Three testings for illuminat-
ing power are made daily at every station, at intervals of not
less than an hour. The average of these tests is taken to
represent the illuminating power of the supply on that
day; but if one test shows a deficiency of not exceeding
one candle below what it ought to be, the average of that
and the days before and after is deemed to represent the
illuminating power for the day.



THE NATURE AND PROPERTIES OF ‘TOWN GAS.” 13

The photometrical instrument used in the official London
testing places is known as the “ table photometer,” which
is simply the name of a certain disposition of parts requisite
for the facile and accurate comparison of the lights of the
gas burning in the test burner at the exact rate of 5 cubic
feet per hour, and of the pentane lamp, together with the
various regulating and measuring instruments necessary to
ensure the utmost precision in the operation of making the
test. The principle of the operation is the simple * law of
inverse squares” applying to all forms of radiant energy,
which will be discussed later in connection with lighting.
This is, that * the intensity of the radiation varies inversely
with the square of the distance.” The human eye can only
judge of the equality of illuminations, say, thrown side by
side upon a field of vision susceptible of being equally
lighted by two sources. It is necessary, therefore, if the
quantity of light emanating from a source of unknown
intensity is to be measured by being made equal on a
lighted field, or screen, to that received by a contiguous
part of the screen from another source of known intensity,
that the relative distances of the two sources, after equality
has been established by moving one of them nearer to or
farther away from the screen, should be taken. It is the
purpose of photometers to facilitate and exhibit the result
of this balancing operation with the least chance of error ;
and the arrangement shown (Fig. 1) contains in a simple
form the essentials for gas testing by the approved
methods.

The test burner is known as “ The Metropolitan Argand
Burner, No. 2.”” It was invented by Mr. Charles Carpenter
with a view to its use for all grades of town gas lying
between 18-candle and 19-candle power; that is, for all
gas capable of being properly burnt by a chimney burner
of the Argand type, at the uniform rate of 5 cubi¢ feet per
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hour. It is the first, and, so far, the sole burner of th

versal applicability, which is secured by making mechanical
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provision for the adjustment of the air supply to the
flame to the quantity proportional to its physical require-

ments in this respect
(Fig. 2). It has
already been ex-
plained that this
quantity varies with
the composition of
_the gas; and the
Carpenter burner
simply enables the
observer of the burn-
ing of a sample of
gas, of unknown

composition, to ad-

just the supply of
air to maintain the
regulation 5-cubic
feet flame at its
highest luminosity,
which is when it is
just short of smok-
ing, in still air.

The working stan-
dard of light, the
Harcourt 10-candle
pentane lamp, has
already been men-
tioned. The meter
for measuring the

Fia. 2.—Carpenter’s London Argand Burner
No. 2 (actual size).

gas, the pressure regulator, and the other accessories of
the photometer room do not call for detailed description.
Care is taken at the official testing stations to regulate
the temperature of the room, and ensure a fair sampling
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of the gas passing in the street main, because the testing is a
legal procedure, and its results are evidence for action
against the company supplying the gas, in the event of
default.

Such is the manner of testing town gas for illuminating
power, and the result thus arrived at represents the con-
ventional rating of the supply in terms of candle power.
This rating of town gas, as of 14 or 16-candle power, or
more, has ceased to correspond with the real lighting power
of the gas in the hands of the consumer; because no one
who wished to obtain the best value for money spent in gas
for lighting would dream of burning it in this way. In
practice, the consumer has no use for a burner of the type
employed in determining the parliamentary illuminating
power of the gas he buys. Instead of the Argand luminous
flame, burning gas at the exact rate of 5 cubic feet per hour,
and showing a light therefrom of from 14 to 16-candle
power, the public prefer incandescent burners, upright or
inverted, which, for a consumption of from 8} to 4 cubjc
feet of gas per hour, will give a light of 70 to 80-candle
power. And if for draughty corridors, outbuildings,
lavatories, and similar situations, where all that is wanted
is to ‘“‘show a light,” the simpler flat flame burner is still
used on account of its serviceability, its consumption is
seldom more than 8 to 4 cubic feet an hour, and there is
no question of illuminating power in the case.

Yet notwithstanding this lack of correspondence between
the legal denomination of town gas by its candle power
under statutory test conditions and the luminous effect
realised by the consumer, the former remains, as already
pointed out, a real safeguard for the consumer, for which
there is no known substitute of such easy applicability.
The chief objection to its detention as a penalty test, is
the opening it provides. for vexatious prosecutions of gas
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companies for insignificant, temporary, or local deficiencies
of illuminating power. Assuming the acceptability for
all purposes of the grade of town gas already specified,
showing with the most suitable test burner, as adopted
by the London Gas Referees, the normal illuminating
power of 14 or 16 candles with the 5-cubic feet flame;
together with a minimum calorific power of 500 British
thermal units net, and containing not more than 10 per
cent. of inert gases—the question arises, how shall the
consumer be protected, and assured of always getting gas
which is of the nature and quality bargained for ?

The best test available is that for illuminating power,
becausé it shows unmistakably the presence in the gas of
any excess of inert diluent, which very quickly destroys
the luminosity of the flame. One per cent. of carbonic
acid reduces the illuminating power by 4 per cent., and
the effect of these inert gases rises out of all arithmetical
proportion to their quantity. Thus, while the addition of
1 per cent. of air to purified gas diminishes its illuminating
power by about 6 per cent., 4 per cent. of added air would
reduce the illuminating power 25 per cent. Therefore, it
is evident from these facts, which are amongst the common-
place data of the town gas industry, that regular testing for
illuminating power reasonably conducted, not in the spirit
1of & ““ police trap,” is quite competent to prevent adultera-
tion of the product with incombustibles foreign to its true
character. ‘

Tre Purity oF TowN Gas.—It is a leading characteristic
of town gas that, being manufactured with a view to indoor
consumption, it is carefully purified from the injurious and
offensive matters which are always given off from burnt or
gasified coal. The most objectionable of these is sulphu-
retted hydrogen, which has a very offensive odour, also
blackens silver and bright metals generally, and burns to

T.G. c
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an acid gas which is actively corrosive. There are also
tarry vapours and ammoniacal liquor, all of which are
found associated with free carbon or soof in coal smoke.
Town fogs are chiefly composed of the noxious products of
the conversion of coal into crude gas, which are carefully
removed from the gas supply of towns. This purification
is expensive, and the consideration must be set off against
the alleged cheapness of some other unpurified gases of
limited utility as fuel, or a source of motive power, which
are sometimes proposed in competition with it.

It is forbidden by law that town gas should contain the
slightest trace of sulphuretted hydrogen impurity. The
tests for this are extremely exacting, and are maintained in
constant action. W. J. Dibdin has found that the sensi-
tiveness of the legal test for sulphuretted hydrogen in town
gas is such that the presence of 0°030 grain in 100 cubic feet,
the weight of which is 25,000 grains, can be detected.
There is another kind of sulphur impurity always present in
all coal or oil gas, which it has hitherto been found im-
possible to wholly remove. This is technically classified as
¢ the sulphur compounds,” and comprises sulphur combined
with carbon, and sulphur in combination with organic
matters which have never been chemically identified. The
proportion, therefore, in which the sulphur compounds
occur in gas made from coal or oil depends mainly upon
the character in this respect of the raw material. The total
quantity of sulphur in these forms which may remain in
town gas rarely exceeds 40 or 50 grains in 100 cubic feet.
The hygienic aspect of this sulphur in town gas will be
discussed in a later chapter. For the present, it may
suftice to point out that the presence of what is chemically
designated sulphurous impurity in town gas has the
important redeeming advantage of imparting to it its well-
known odour, which is so indispensable as an indication
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of leakage, that if it were not natural to the gas something
of the same character would have to be artificially added
to any illuminating or fuel gas admitted inside inhabited
buildings.

TuE FueL VaLue oF Town Gas.—The fuel value, or, more
scientifically speaking, the ‘“calorific power ”’ of town gas,
is a quality of the service which has only become appreciated
during the last 20 years. At one time, when gas was solely
used for lighting, its heat was even regarded as an objection.
The leading text-book of the industry, in an edition dated
1872, makes no mention of the use of gas for any purpose
other than lighting; and so lately as 1882, when cooking
and heating by town gas had become go firmly established
that it was possible to hold an exhibition of gas stoves at
the Crystal Palace, there was no instrument available for
measuring the heating power of gas. Since then, attention
has been given to this subject, and it has become habitual
with gas engineers to speak of town gas in terms of its
calorific power, as already mentioned. It will be convenient
to explain what is meant by this terminology.

The unit of heat measurement employed in this book,
which is written for English readers, is the British Thermal
Unit (B.Th.U.); which is also that commonly used by
English gas engineers. It is the quantity of heat necessary
to raise the temperature of one pound of water 1° F., at
or near 89° F., the temperature of maximum density of
water. (In practice, no correction is usually made for any
difference between the ordinary temperature of water and that
of its maximum density). In the science of chemistry,
the metric system of weights and measures has been
adopted, and accordingly some experimenters state resulis
in the metric thermal unit, called in French the calorie,
which is the quantity of heat corresponding to the rise or
fall of temperature of a kilogramme of water 1° C. This

c2
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calorie is equal to 8'968 British Thermal Units. Conversely,
the B.Th.U. = 0252 calorie. Within 8 per cent., therefore,
the French and English industrial units of heat are to each
other as 4 to 1.

* Calorimeter determinations of the heating power of town
gas are not yet legalised with a view to forfeitures; but they
are now made regularly at the London testing stations for
information only. The instrument officially used for the
purpose is the design of Professor Boys, and differs from
others commonly employed by gas engineers unofficially, in
being readily taken to pieces for examination. In making
a test, a measured quantity of gas is burnt so as to impart
as much of its heat as the mechanical disposition of the
apparatus permits to a flowing stream of water; the water
of condensation from the gas itself being also collected separ-
ately. The total heating effect of the gas, as measured in
the first stage of the operation, is called its * gross calorific
power.” Aifter the proportion of heat represented by the
condensation of the water of combustion is deducted from
this total (this amount of heat not being regarded as per-
forming any useful work) the result is called the ‘‘met
calorific power ”’ of the gas; which is the figure in British
Thermal Units per cubic foot of gas that engineers take
for its fuel value. The difference between the two
figures is governed by the: proportion of hydrogen, which
burns with the oxygen of the air to form water, in the
mixture of gases. Hydrogen alone shows a calorific power
per cubic foot of 844 B.Th.U. gross; and 294 B.Th.U.
net—the latter being therefore 143 per cent. off the larger
figure. At the opposite extreme, carbon monoxide shows
the same calorific power, gross and net. All the hydro-
carbons, therefore, which with these two components make
up the combustibles of town gas, fall in somewhere between
these calorific data, the difference being usually taken



F1e. 3.—Simmance-Abady Calorimeter for (tas The calorimeter itself is
shown on the right of the dotted line A, the articles on the left being the
accessory meter, and gas governor. The calorimetric apparatus comprises
the gas burner, shown at the bottom, and the jacketed vessel in which
the flowing water is caused to absorb the heat of the burning gas.
Thermometers for indicating the temperature of the water before and
after heating, and also of the products of combustion, are shown in
position ; and also the graduated measures for the heated water, and for
the water of combustion.
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roundly at 10 per cent. Whenever calorific power is in
question, therefore, as often happens in comparing fuel
gases of different kinds with one another, it is necessary to
be sure which value is meant.

Doubtless, in the course of time, when the practice of gas
calorimetry shall have become as well established as that
of photometry, a calorimetric standard for town gas will be
legalised by agreement in many places. Calorific power
has the advantage of being very uniform, and there should
be no difficulty in conforming to a minimum, say of 500
B.Th.U. net, with a reasonable standard of illuminating
power to match. These tests should be carried out by the
county council as in London, independently of the local
authority, and irrespective of the supply being in public or
private hands.

The maintenance of a uniform calorific power, according
to a known standard, would be very helpful both to the
consumer of town gas for fuel purposes (fast overpowering
any other use for it) and also to the makers of gas heating
appliances and gas engines, who would be better able to
standardise their manufactures.

Fraue Temperature.—This property of a fuel gas is
distinet from its calorific power. The term means in
practice the actually realisable temperature by the bunsen,
or non-luminous atmospheric flame. This kind of burner
is commonly employed for heating and boiling, chiefly
because of its cleanliness, as it does not deposit soot on the
vessels; but for the finer requirements of incandescent
lighting burners, and also for heavy metallurgical work, it
is susceptible of considerable development in the sense of
intensifying the flame temperature. Thus, by thoroughly
mixing the air and gas before combustion, and increasing
the proportion of the former drawn in by the injector action
of the gas jet to the explosion point (that is to say, when
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the mixture contains enough air to completely burn the
gas) the flame is concentrated into the smallest possible
space, is ‘“ solid 7’ throughout, and is most intensely hot.
Platinum readily melts on the surface of an incandescent
Welsbach mantle. With air forced in under pressure, a
degree of temperature is attainable with town gas which
only the most refractory earths will withstand. The indus-
trial advantages of having this intense heating power at
command are obvious. With the exception of acetylene,
which is more limited as to scale, and * water gas,”
which is never distributed, town gas alone possesses this
high flame temperature. It is therefore largely used in
dockyards, arsenals, and engineering works for welding,
fusing, and tempering metals. For such operations as
shrinking on gun rings or heavy iron tires, the saving of
time alone, as compared with slower firing, pays for the
town gas.

Pressure.—Consumers of town gas should satisfy them-
selves (through the gasworks officials) that the pressure at
the points of consumption is sufficient to enable them to
use their gas supply to advantage. It is often remarked
that, for ordinary consumers, there is no such thing as
“bad gas,” if the pressure is right. This is so far true,
that without exception consumers’ complaints of bad gas,
when they do not relate to defective appliances, always
proceed from insufficient pressure. This is a matter which
invites co-operation between the supplier and the consumer.
The former has to incessantly watch the effects upon his
street mains of the increasing demands of the various
districts of supply, and also those of rapid changes of
atmospheric temperature in provoking sudden deposits of
naphthalene, blocking the pipes. This troublesome sub-
stance is not an impurity of town gas, to which, on the
contrary, it adds illuminating power. But it is apt fo
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condense in the main pipes, and consumers’ service pipes,
as it were, capriciously; and being in its solid state an
extremely light, flaky substance, a little of it does great
mischief in blocking the gas-ways. It can be removed if
notice of failure of the supply is given in the proper
quarter.
Consumers not infrequently lay up disappointment for
themselves by adding to their gas apparatus without
thought of how they may be over-taxing
the capacity of service pipe, meter, or
interior piping. Attention to the pres-
sure will reveal all such mistakes, and
ensure satisfaction.

Note on the Measurement of Gas Pres-
sure.—The pressure of gas in the pipes
which distribute it for consumption is
measured in terms of the height of a
column of water which counterbalances
it, expressed in inches and tenths of an
inch — usually in “tenths.” This is

Fro. 4.—Gas pres.  Teally the ‘““head” of the confined gas,
sure gauge, indi- above the atmospheric pressure, which
g::;fiﬁ > D iy causes it to flow through the pipes and
mnths§, escape from any orifice in the connec-

tions. Gas pressures in the distri-
buting system are kept as low as will suffice for the purpose
of supplying the quantity of gas required, because this is all
that is wanted. Gas pressnre is never employed to do any
work as such, like steam pressure on the piston of an
engine, but only as the agency for transmitting and
delivering the gas to the points of consumption. Gas
pressures formerly rarely exceeded 10-tenths, because the
luminous flame burners of the ante-Welsbach period were
low pressure appliances, working best at pressures of
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5-tenths to 8-tenths. Incandescent lighting burners,
atmospheric heating burners for gas fires and cooking
apparatus, &c., require a supply at 15-tenths. Consumers
would be well-advised to ascertain from the gas company
the maximum pressure they may expect; and where this
exceeds 20-tenths ¢‘ regulators” should be used, in order
to prevent waste of gas.



CHAPTER IL

THE HISTORY AND MANUFACTURE OF TOWN GAS.

Origins of the Town Gas Industry—Early struggles—Samuel Clegg,
the first gas engineer—His endeavours and inventions—Introduc-
tion of the sale of gas by measure—The era of competition in gas
supply—Its collapse and tho consequences—How gas is manu-
factured—The carbonisation of coal—Side-lights from the coke
manufacture —Gas retorts—Retort working machines—Possible
improvements in gas manufacture—Horizontal versus vertical
retorts—Products of carbonisation—Composition of crude gas—
Treatment of gas in the works—Economy of the gasholder—
Influences governing the prime cost of gas—¢¢ Unaccounted for
gas—Nature and manufacture of carburetted water gas—‘ Blue ”
water gas—‘‘Fuel” gas—Superior advantages of town gas—
“Producer,” ‘ Dowson,” and ¢¢Suction” producer gases—
¢ Mond ” gas—The question of purity.

Tre manufacture and supply of town gas, as a public
service undertaking, dates from the incorporation by Aect of
Parliament, in 1810, of -* The London and Westminster
Chartered Gas Light and Coke Company.” The practica-
bility of the manufacture of illuminating gas by distillation
from bituminous coal, and also of its application to the
lighting of buildings and streets, had previously been
established by the success of private plants at a few
Birmingham factories. The creation of a public gas supply
undertaking, however, was a different matter, involving
the solution of innumerable problems of administration and
technique, for which there was no precedent. The idea of pipe
distribution of inflammable gas was met with violent
opposition on grounds whose nature can be readily
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surmised. What was recognised as the scientific authority
of the period ridiculed the scheme. People of influence,
including the architect to the Houses of Parliament, could
not understand that the gas pipes were not full of the flame
that burnt at the tips. The fire insurance companies
opposed gas lighting. The Royal Society advised the
Government to compel the company to restrict the capacity
of their gasholders to not exceeding 6,000 cubic feet, and
enclose them in strong brick buildings. The public street
lamplighters struck against the novel light, although it
greatly reduced their labour. The parish authorities would
not allow lamp posts o be placed in the streets; and a
political agitation was organised for the defence of the whale
fishery, which was thought to be jeopardised, together with
‘ the unequalled nursery of seamen " which it represented,
by the new way of procuring artificial light.

These external discouragements were as nothing to the
internal difficulties of the adventurers. The Company started
with great expectations ; but necessarily without experience
of the class of business they undertook, and of the nature
of the manufacture in which they engaged. The promoter
of the enterprise and his associates proved wholly incom-
petent to manage it; so that after three years of heart-
breaking struggle against ignorance within and obstacles
without, the pioneer gas company was on the verge of
failure when it found its saviour in Mr. 8. Clegg, a trained
engineer who had had some experience in lighting private
establishments with gas. It was Mr. Clegg, more than any
other individual, who created the industry of town gas
supply. He fought the Royal Society, the vestries,and the
lamplighters. When the great Humphry Davy asked
sneeringly whether it was intended to take the dome of
St. Paul’s for a gasholder, Clegg replied that he hoped to
live to see the day when they would not be smaller. This
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hope was more than realised ; for the diameter of the dome
of St. Paul’s is 145 feet, and gasholders of 200 feet diameter
had been constructed before the death of the speaker in
1861. When the lamplighters struck work, Mr. Clegg
shouldered a ladder and lit the gas lamps on Westminster
Bridge. To satisfy the fire insurance companies, Mr. Clegg
invented a self-closing burner, with thermostatic action,
which shut off the gas whenever the flame became acciden-
tally extinguished (as by temporary failure of supply)
without the tap being turned off.

Everything needed by the company for the purposes of
their undertaking had to be designed specially; and few
manufacturers or merchants could be prevailed upon to
accept orders for goods of the use of which they were
ignorant, from a concern of whose future they were pro-
foundly sceptical. Metal piping, to mention one example
of manufactures which the gas industry had to evoke, was
not obtainable; and the gas company had to make shift
with old musket barrels screwed together. Mains were even
made of stone. What have come to be looked upon as the
most obvious elementary safeguardsin the manufacture and
after treatment of the gas had to be felt for through the
rough discipline of explosions and fires ; of course occurring
where least expected. Thus, although the company’s gas-
holders did not explode, a purifier did as early as 1813,
immediately after Mr. Clegg took charge of the works, break-
ing several windows, and unfortunately severely injuring
the engineer. He, however, found a means of preventing
a repetition of the accident; and went on his pioneering
way undaunted. The following year, on the occasion of the
celebration of the Peace of Amiens, Mr. Clegg dazzled the
town by the great novelty of gas illuminations, the most
important of which, unhappily for the Company, was
destroyed by the meddling of Sir William Congreve, who
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insisted upon letting off rockets from the framework. The
next year, however, the Company secured a triumph which
did much to set gas upon its feet, in the lighting of the City
Guildhall.

Still, the struggles of the gas company continued to tax

F1G6. 5.—Wet meter in cast-iron case.

the powers of the cleverest brain, and to put an incessant
strain upon the toughest nerves, such as Samuel Clegg
surely possessed in a pre-eminentdegree. Allthe adventurers’
capital being spent, and borrowing being impossible, every
penny of revenue that came in was wanted for alterations,
repairs, and extensions. The supply to consumers was not
measured, for there were no meters ; but the gas lights
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were rented at so much a year, or bargained for upon
estimated consumption, a fruitful source of disputes and
delayed payments. Of course, there were no dividends.
Meanwhile, Clegg plodded on; training his workmen ;
arranging with enterprising people to manufacture the
fittings without which gas could not be laid on to consumers’

F1a. 54.—Cross-section of measuring drum.

premises ; organising the operations of the Company ;
meeting and circumventing obstacles and disagreeables
innumerable ; and in his leisure time lighting with gas
Bristol, Birmingham, Chester, Kidderminster, and
Worcester. Others who had picked up some of his art
extended the benefit of town gas throughout the United
Kingdom.
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It is quite English that this quiet, strong man, who was
instrumental in founding one of the great national indus-
tries; who was to gas what George Stephenson was to steam
railways, perhaps more, received no titular distinction of
any kind during his laborious and fruitful life, and died in
modest retirement at
Hampstead, unknown
beyond the circle of his
family and professional
associates. The latter,
however, were then
mostly of another gene-
ration, as Mr. Clegg out-
lived his own ; while the
sooty, tarry bantling he
nursed through its infan-
tile ailments had grown
into a giant whose
labours returned gold
galore to his owners and
employers.

The possibility of
carrying on a town gas
undertaking at a profit

was only realised when Fic. 5B.—Longitudinal section through
the supply o privatecon-  GEEk e, SO e e
sumers could be cor- level of water.

rectly measured ; which

was perfectly understood by Mr. Clegg himself, who has to
his credit also the suggestion of the consumers’ ‘“dry”
meter, the measuring instrument generally used in the
United Kingdom to-day. The first practical meter, however,
was of the “wet” order, in which the capacity of the measur-
ing chambers was secured by sealing them, as they revolved
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round a horizontal axis under the impulsion of the moving
stream of gas, in water maintained at a constant level (Figs.
5. and 58.). This type of meter is still used in gasworks
to measure the production, and also for scientific purposes in
which the greatest accuracy is required ; but the trouble of
regularly attending to it when fixed on private premises, and
the liability to stoppage by frost, have led to the substitution
of “ dry’’ meters, with measuring chambers on the bellows
principle. The standard of accuracy for all meters by
which gas is measured for sale is the same—they are only
stamped according to law when the margin of error is less
than 8 per cent. slow, or 2 per cent. fast. This ensures that
the turn of the scale shall always be in favour of the
purchaser; and it is safe to aver that few commodities are
more fairly measured or weighed on delivery than town gas.

The ¢ dry *’ meter plays such an important part in the
modern gas industry, that its construction deserves to be
~ described in detail (see Fig. 6).

The effect of the introduction of the prmmple of measure-
ment into the sale of town gas, was to place the industry
upon a sound commercial footing. It was made possible to
draw up a balance-sheet of working costs and returns; and
with the reductions of the price of gas that followed, an
increase of consumption ensued which redounded to the
prosperity of the gas companies. For as soon as the
financial corner was turned in the case of the original
undertakings, competition began, and, in the case of the
metropolis and other large towns which invited the specula-
tion, was carried to extreme lengths. There was no
monopoly, and in the densest centres of population the
mains of three or four rival gas companies ran through the
busiest streets. The most desirable customers were con-
tinually being importuned to transfer their patronage
from one competing company to another; and they not
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infrequently played off these suitors against one another,
with the result of getting gas for little or almost nothing.
The gift of a show lamp or two for the outside of the
premises was a taking bait for custom; and the gas
company making the offer was quite equal to attaching this
gratis service to the main of arival! The consequence was
that the competing companies maintained gangs of fighting
navvies for purposes of attack and defence in this
species of street warfare; and the roads were perpetually
being broken up, until the nuigance and waste of money
became intolerable, and the companies made a peace of
exhaustion. Eventually, with the assistance of Parliament,
the era of gas competition in the metropolis was terminated
by districting the undertakings; and some years later their
number was reduced to three by amalgamations. This
process of consolidation was attended by the closing of
expensive and inefficient small town manufacturing stations,
and the concentration of production at sites where the work
could be carried on under the most favourable conditions.
In the provinces, gas competition likewise died out every-
where, usually by the absorption of the weaker concerns
by the stronger ; it being proved that the multiplication of
public service undertakings of identical character in the
same area is wasteful and opposed to the public interest, as
well as being a hindrance to the advance of technical
improvement.

Consideration in detail of the expedients adopted with
the object of protecting the public from .the evil conse-
quences to be feared from the establishment of a system of
virtual monopoly in town gas supply, at a period when there
was no perfect or partially equivalent service, is reserved for
a separate chapter. Sulffice it to state here, that the accep-
tance on the part of the Legislature, and of responsible
public opinion, of the economiec truth that competition is not -

T.G. D
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the way to provide town gas to the best advantage of all parties
concerned, was accompanied by the adoption and active
prosecution of two alternative courses of policy designed to
attain this end. One pointed to the control of gas com-
panies, in the sense of encouraging them to reduce their
charges by offering a progressive bonus on lowered prices;
the other consisted of transferring the gas supply to the
local authority. Both systems are in full operation at the
present time, and while neither can be truly described as
being an unqualified success—for there is cheap gas, and gas
which is not so cheap, to be had in England under both
systems, and without them—it is' at any rate true that
nothing more effectual has been discovered and applied in
any other country.

How Gas 18 MapE.—The manufacture of town gas has
necessarily remained essentially the same operation as when
it was discovered that pit coal could be distilled off in a
closed retort into the four distinet products, uncondensable
combustible gas, burning in the air with a bright, luminous
flame ; water smelling strongly of ammonia; tar; and a
residuum of coke. The process of distilling the coal, or
“ carbonising ” it, as it is technically called, can .be modi-
fied so0 as to obtain any particular product as the principal
result, this result depending upon the temperature at
which the operation is effected, and also upon the design
and dimensions of the retort, for the same raw material.
Thus, if the coal is filled into a large boot-leg shaped
retort, moderately heated, the greater part of the distillate
will be tar, oils, and ammoniacal liquor, with little gas and
a friable, free-burning coke. At one time, when these fluid
distillates and ammonia fetched a good price, several works
were started for their manufacture from common coal; but
the market failed, and the industry ceased to pay. At the
present time, the only manufactures of the kind being
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carried on are the shale distilling works, making paraffin
lamp oil, paraffin wazx, etc., chiefly in the Lothians.

Coal is also extensively coked, at the pits, for conversion
into the particular kind of fuel required for blast furnaces.
In this case, although the fluid distillates may be recovered,
and the gas resulting from the coking washed for the
recovery of ammonia and benzol, it is the coke which is the
product sought for, and the manufacture is located where
the coal is, and the gas finds no market (Fig. 7).

The process of carbonisation can be followed from the

Gas Scrubbers & Condensers Fioor

F1e. 7.—Retort coke oven (J. Tonge’s ¢ Coal’),

accompanying illustration of a bench, or battery, of coke
retorts taken by permission from Mr. J. Tonge’s book on
“Coal ”’ (Constable’s), wherein also an interesting descrip-
tion is given of the preparatory treatment of coal as brought
to the surface, by washing, screening, ete., which is outside
the scope of this book. The coking of coal in retorts of
this kind, of which several arrangements are in use in this
and other countries, does not differ in principle from the
practice followed in gas manufacture. Indeed, in the
neighbourhood of Boston, U.S.A., a congeries of gas distri-
buting undertakings is supplied in bulk with gas from a
coking plant of this character; and the gas for the city of
D2
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Baltimore is made almost entirely at a coking works. The
coal is taken to the bench in trucks, which run on rails
laid upon the top of the brickwork. These trucks can be
emptied through the bottom, down through charging holes
in the top of the retorts. In the drawing there are three
such lines of feed, so that a retort can be filled quickly
throughout its length, and the charge raked level, in a
very few minutes, and with a minimum of labour. The
charge lies in the retort for twenty-four hours or longer,
according to the system. It may weigh a ton or more.
The character of the coal itself governs these details of the
most convenient weight and consequent duration of the
charge, some coals being much heavier and more sluggish
in working off than others. Everything is disposed for and
made subservient to the production of the hardest possible
coke, which commands a high price. With this object the
coal is washed to get rid of the dirt which would otherwise
prevent it from coking; the charge is dropped into the
retort all at once, to make a dense heap, which is some-
times pressed mechanically afterwards, with the same
object.

Inasmuch as there is seldom any better use on the spot
for the gas generated by the coking process, this is burnt
under the retorts to provide the necessary heat, after
having been washed for the recovery of the ammonia, the
more valuable hydrocarbons, and the tar. Some of the
gas may be utilised for generating the motive power
required in the works ; but, as a rule, in English coalfields
where coking is carried on, there is more made than can be
profitably utilised, so that the surplus burns to waste. In
places where there is a market for the gas, as in the
localities already named, it is usual to divide this product
into two portions. 'The first few hours’ gas after starting
the carbonising of a charge of coal is richer than that
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which comes later, and is therefore drawn off separately for
distribution as town gas. The later portion is burnt under
the retorts.

It will be gathered from the preceding observations that
the questions of how gas should be made at a profit, and
whether the gas or the coke should be saved for sale, must
be answered with reference to local market conditions ; and
this is the key to the economy of the whole industry.
Coking, like charcoal burning, is a very ancient industry,
but it has become sophisticated, and is no longer carried on
under the simple rules of the primitive operators, who had
a single eye to the onge product for which they could
command their price.

Originally metallurgical coke was made in * bee-hive "
ovens, which are mere copies of the immemorial charcoal-
burners’ heaps of sticks covered with sods. The process of
converting the coal into coke was one of partial combustion,
the science of the burner consisting in allowing just so
much air to enter the smouldering pile as would keep it
going to the finish, and no more. If too little air was
admitted, the pile went out, and all the labour and material
were lost. On the other hand, too much air meant burn-
ing the coal, not coking it ; and this was waste. In skilful
hands, the resultant coke was, and is, of the best quality that
it is possible to make, for which reason the bee-hive oven
is far from being an obsolete kind of plant. ‘The coke it
turns out is in long and large columnar pieces, suggestive
of ‘“pulled bread,” very hard and ringing, of a bright
silvery grey colour, exhibiting traces of carbon in what
might almost be described as a crystalline form, and
occasionally hair-like. It is almost pure carbon (90 to 96
per cent.), most of the combustible impurities having dis-
appeared by partial combustion in the long coking process.
It sinks in water, whereas gas coke, as a rule, floats in
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water. - Its great hardness enables it to sustain the super-
incumbent weight of the ironstone and fuel in the tallest
blast furnaces built, and also to withstand the physical
action of the strong air blast. Wherefore, having regard to the
enormous stake which the ironmaster has in keeping his
blast furnaces going to the very best advantage, he is by
no means disposed to palter over a shilling or two per ton
in the cost of coke, as represented by the economy of the
coke-retort over the bee-hive method of manufacture.

Yet, notwithstanding the inferior physical structure of
retort oven coke as first produced to bee-hive oven coke, the
former has made its way in most coalfields, and has even
made a bid for the entrée into gasworks. This is not likely
to be granted generally, for various reasons. The first is

_that, as a rule, gasworks exist for the manufacture of gas,
‘not of coke, which is to them a bye-product. The carboni-
sation of coal being a process absorbing heat, which has
therefore to be supplied for the purpose, the question of
whether the gas or the coke resulting from the operation
shall be taxed with this object, goes to the root of the
. economics of the business. Where the coke is worth more
than the gas, the latter is burnt under the retorts, as at
the pit-head ; whereas in most town districts the reverse is
the case. Therefore, since the coke, although possessing
considerable value, is of secondary consideration in town
gas manufacture, the system of carbonisation is designed
to obtain the best value from the coal in gas, which is not
to be done by the same method as in coking, namely, by
large and heavy charges. Quite the opposite rule, indeed,
prevails in gas manufacture, the smallest charges of coal
consistent with reasonable labour costs being preferred ;
and a proportion of the coke made being burnt under the
retorts.

Gas manufacture, therefors, consists in carbonising coal
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for the sake, chiefly, of the gas ; the other products of the raw
material being appropriated as incidentals, by the name of
* residuals,” to reduce the cost of the gas into the holder.
Considerations of the expense of transportation of the raw
materials, and transmission of the gas through the mains,
determine the location of the works with reference to'the
district of supply. The retorts in which the coal is
carbonised are fireclay tubes, kept at a temperature as
steadily as possible in the neighbourhood of 2,000° F.
This is esteemed a good heat, and is the mainspring of the
manufacture. Where the heats are poor, nothing else
avails to secure profitable working. The coal is charged
into the retorts at intervals of four to six hours, during
which the gas and tar are driven off together as a thick
smoke, which rises through pipes appropriately called
“ ascension pipes,”” and is collected into a large main where
the heavier tar and water begin to separate out. The
residual coke remains in the retorts until it is removed to
make room for a fresh charge, and so on.

The appearance of a “bench” of horizontal retorts,
which is the name given to a row of retort ‘settings,”
ranged side by side, is shown in several of the illustrations
which follow. Up to the present time the bulk of the gas
manufacture of the world has been carried on by means of
these nests of tubular fire-clay retorts, which are grouped
together over the furnace in fire-brick arches, with the object
of economising fuel. The retorts are of various shapes in
cross-section—round, oval, or like the letter @ with the
flat side downward, about 21 inches wide by 15 inches
high. The last is the form most generally used, although
different gas engineers have their individual preferences in
this regard. The retorts may be either *singles,” in small
works, or ‘“throughs,” in larger establishments. The
former are about 10 feet long, with the back end closed
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and the front end provided with a cast-iron “ mouthpiece ”
closed by a gas-tight lid, which is removable for the pur-
poses of charging the coal and drawing out the coke. The
mouthpiece also carries the bottom end of the * ascension
pipe,” through which the gas leaves the retort to be
collected in the retort house mains. * Through ” retorts,

Fi6. 8.—Hand retort charging inachine (Biggs-Wall).

as the name implies, are open tubes, with a mouthpiece at
each end. They are about 20 feet long, and are worked by
hand or machinery simultaneously from both ends. The
idea is to save heat and the material and space for the back
wall of “single ” settings. They facilitate the charging of
the retort with coal from either or both ends, and also the
drawing or pushing out of the coke.
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Various ingenious mechanical appliances are in use to
lighten or wholly supplant hand labour for this heavy work.
The most obvious proceeding is to relieve the stoker from
the strain of lifting the weight of the tools and the charge
by some arrangement of hoisting and traversing tackle,
while leaving the direction of the operations to his personal
judgment. Excellent results are achieved in this way,

F16. 9.—West’s charging machine, driven by compressed
air.

especially in small to medium-sized works, a type of
the appliances employed being shown in Fig. 8.

The complete supersession of manual labour by power
machinery is effected by apparatus such as is illustrated by
Figs. 9, 9a, 98. Other machines for the same purpose
are driven by hydraulic or electric power, Figs. 10 and 10a.

Another largely used disposition of carbonising plant has
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the retorts set at an angle with the horizontal corre-
sponding with the natural slope of repose of a heap of coal
or coke, with a view to performing the operation of charging
and discharging by the action of gravitation. Usually, in
connection with carbonising plant of this kind, there is pro-
vided as complete an installation as circumstances permit of
accessory coal elevating and coke handling plant (Fig. 11).

F1g. 94.—West’s drawing machine, driven by compressed
alr.

The charge of coal is supposed to lie evenly and of an
uniform thickness all over the floor of the retort. It weighs,
in the case of North of England coal, about 8 cwt. to 8% cwt.
for a single retort, and therefore twice this weight for a
20 foot horizontal retort. The duration of such a charge
would be six hours. The charge of coal of this description
would not occupy more than one-third of the height of the
retort; but it swells in coking to double its original bulk.
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The retort and its management are the pivot upon which
the whole of the business of successful gas manufacture
turns. The best working conditions are a compromise

Fia. 9B,—West’s combined charging and drawing machine,
driven by compressed air.

between several conflicting requirements, with infinite
modifications to suit technical, industrial, and local necessi-
ties. From the point of view of the gas manufacturer
alone, small charges quickly worked off yield the best
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results. It is possible to obtain as much as 14,000 cubic
feet per ton of good gas in this way from a quite ordinary

Fi1g. 10.—De Brouwer electric charging machine.

coal carbonised in 3-cwt. charges. This, however, is
impracticable on a working scale, where hundreds and even
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thousands of tons of coal have to be passed through the
retorts within twenty-four hours. The labour would be

F16. 10A.—De Brouwer-Jenkins electric ram discharging machine.

excessive on any ordinary system, and the incessant manipu-
lation of the plant impossible. Still, it is the ideal
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F16. 11.—An inclined retort installation. Cross section.

condition for making the best of the raw material; and
accordingly numerous inventive minds have been addressed
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to the solution of the problem presented by the mechanical
difficulties of the case, so far with but partial success.
Although the idea of carbonising coal in small doses,
either continuously or intermittently—in motion through
the heated retort, or reposing in it for a sufficient period of
time—appears to lie at the opposite pole from that of coke
retort carbonisation, with its heavy charges of long dura-
tion, curiously enough there exists at the moment in gas
engineering opinion an inkling that these extremes may be
brought together with advantage. The link is presumed to
consist of a retort placed in a vertical position. There is
nothing new in the idea of an upright retort, the first cast-
iron pots used by Murdoch to make coal gasin his small way
being placed in this position for convenience’ sake.
Although the upright position looks at a first glance better
suited for taking in coal than the horizontal retort, into
which coal must be shovelled or otherwise deposited, yet
its drawbacks have hitherto prevented its use in coal gas

works. These drawbacks are, first, the difficulty of getting’

out the coke, which packs itself hard and tight in an
upright tube that has been filled with coal by gravitation ;
and secondly, the difficulty of heating a long vertical tube
with any reasonable consumption of fuel.

It has proved to be possible, however, by the employment
of modern methods, to overcome both these ancient obstacles
to the use of the vertical retort; and advances, which bid
fair to be permanently successful, are now in progress on
two distinet lines with the object of converting this dispo-
sition of the retort to the purposes of gas making. One
aims at a combination of the obvious advantages of direct
gravitation charging, to which the upright retort lends itself,
with a continuous, or intermittent at brief intervals,
mechanically-aided descent of the contents of the retort
as the process of carbonisation proceeds, the coke being
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automatically withdrawn from the bottom end of the retort
as fresh lots of coal are introduced at the top. In order
to facilitate this operation, steam evolved from the quench-
ing of the coke in water is allowed to ascend and percolate
through the charge, becoming in the passage converted into
“water gas,” which mingles with the nascent coal gas. This
action is also ailtended by a loosening of the coke, which
prevents it from jambing in the retort. The success of this
arrangement plainly depends upon the maintenance of a
correct balance among all the working elements of the
combination. The problem of economicully heating the
retort is solved by the modern system of firing by gas
furnaces on the Siemens principle, in which the solid coke
fuel is primarily gasified by a limited admission of air, and
the carbon monoxide thus formed is completely burnt later
in the place where its heat will do most good, by a second
admixture of air that has been heated by the waste gases
from the furnace.

The other system of vertical retort carbonising more
resembles the coke-retort method of treating the coal, the
charge being dropped into it in a mass and allowed to
remain for twelve hours, or until it is so completely coked
that it shrinks away from the hot surface of the retort,
which is slightly tapered in order to permit the coke to drop
out when the bottom lid is removed. Success in this
arrangement depends upon the dimensions and form of the
retort, and some other details which have been settled after
elaborate, protracted, and expensive experimenting. It is
not necessary for the retort to be vertical; any angle of
inclination with the horizontal superior to the angle of
repose of coal in a heap will fulfil the essential condition of
the system, which is that the retort be full of coal. The
effect of this condition is, that the carbonisation proceeds
from the periphery of the charge and gradually extends
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inwards to its core, which remains uncaked to the last,
thus forming a way of escape for the gas through what is
still coal in an inconglomerate state. The results thus
obtained are very promising, and many engineers believe
that the coal gas manufacture of the future will probably
be based upon this principle ; but the details of the technic

>

o
F1c. 12.—-Vertical retorts (cross section).

and the chemistry of the operation have not yet been
thoroughly worked out (Figs. 12 and 12a).

These matters differ in some important respects from the
usual results of carbonising coal in horizontal retorts, or in
retorts which are inclined at an angle not greater than that
of the natural slope of a heap of coal, in which cases the
retort is never quite filled up. This is the principle on

T.G. E
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which gas retorts have been worked from the beginnings of
the industry—that the retort should not be crammed full of
coal, but a clear space should always exist over the charge.
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F1a. 12a.—Vertical Retorts. Sectional elevation.
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The chief reason for this was to leave room for the insertion
into the retort of the iron rake used in drawing out the
coke; and it had incidentally a powerful influence on the
result of the carbonising operation. It meant that the gas,
as given off from the coal lying in contact with the hot
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floor of the retort, rose up into this highly heated space,
through which it had to pass lengthwise of the retort to the
mouthpiece and the ascension pipe. In its passage the gas
was exposed to the heat of the upper half of the retort, and
suffered a greater or less alteration of its composition
according to the length of its travel. Meanwhile, the
charge of coal would melt into a semi-fluid mass, if North
of England or other coking coal, and give off whilst in
.this state a heavy, smoky, tarry gas, rich in the illuminating
hydro-carbons, such as may be seen spurting out from the
coal in a household fire. Part of this gas would be baked
and altered in the clear space of the retort, leaving its
most valuable constituent, carbon, behind as deposited
graphite; which had to be periodically removed, or it would
completely block the retort in time. As the period of the
charge drew towards the end, the character of the effects
produced inside the retort changed. The plastic mass
of coal, having parted with its gaseous and liquid
components, became solid again in the form of coke.
The gas proceeding from the later period of the carbonis-
ing operation would be of a poorer quality, dry, and
increasingly sulphurous. Indeed, the last squeeze of the
charge might well be spared by the gas manufacturer,
were it not that he must finish off his coke so as to be
saleable; and also allow the retort to gather heat for the
next charge.

It will be understood from the foregoing description of the
ordinary course of carbonisation of coal in a retort with a
clear space over the charge, that the product continually
varies in character from the moment the charge of raw
coal is introduced to the end, when the coke is ready to be
drawn. An experience extending backwards through two
or three generations of gas managers has taught how
to adjust the working conditions so as to obtain the

E 2
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best average of commercial results in the respec-
tive commodities of gas, coke, tar, and ammonia ;
but, as already remarked, the whole scheme of operations
upon this plan is a compromise. What is best for
making gas is bad for making coke; and the same

F1c. 13.—Arrangement of pipes over the retort bench for collecting the
first fluid distillates.

difficulty extends to the production of tar, ammonia and
cyanogen.

The gas as it comes away from the retort is a highly com-
plex mixture of chemical elements and compounds. The
following is a chemist’s statement of the immediate results
of carbonisation :—

“The greater part of the hydrogen of the original coal
passes off, partly in combination with oxygen as aqueous
vapour, and partly combined with carbon as marsh gas and
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olefiant gas or ethylene, together with smaller quantities
of acetylene, benzol, and other hydro-carbons, while a

F1a. 14.—Condensers.

portion passes off in the free state. The nitrogen of the
coal is driven off, combined with hydrogen, in the form of
ammonia, and with carbon in the form of cyanogen, and



54 TOWN GAS AND ITS USES.

the sulphur which is present in the original coal, in the
form of iron pyrites or brasses, i8 evolved in two forms,
namely, as sulphuretted hydrogen and as carbon
bisulphide, and, according to some authorities, as sulphur
dioxide.

“Part of the aqueous vapour driven off from the coal is
likewise decomposed by the action of carbon at high
temperature, forming carbonic acid, carbonic oxide, and
free hydrogen. As the various gases leave the retort, and
the diminished temperature permits chemical affinity to
have more play, several of the substances previously
alluded to recombine.” (Hornby).

All the volatile products of carbonisation leave the retorts
by the “ ascension pipes,” at a temperature sufficiently high
to carry off the water and tarry matters in the state of
vapour, the whole then being a dense, brown smoke. The
temperature soon falls below the boiling points of the water
and some of fhe oils, which therefore drop down in the
liquid state in the pipe connections immediately following
the ascension pipes (Fig. 18) and drain away to the tar and
liquor wells. The same stage of the purifying operation is
continued in the condensers (Fig. 14), where the gas is
cooled to nearly the atmospheric temperature, leaving the
rest of the fluids in the wells, with the exception of some
mechanically suspended particles of tarry “fog.” This is
got rid of by friction against wetted cake, or boards,
in a section of plant called the washers or scrubbers
(Fig. 15). Here the gas is treated to a shower bath,
first of its own condensed ammoniacal liquor, which
becomes stronger in ammonia by the process. The
strong ammoniacal liquor also absorbs a portion of the
- gaseous sulphur and carbon dioxide. The washing is
completed with cold clean water, which has an affinity
for the gaseous ammonia, and removes all of it but
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the merest trace. In some cases the gas at this stage
is washed with a solution of an iron salt in water, to
recover the cyanogen.

F16. 15.—Washer-Scrubber.
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After this, the gas is passed through vessels containing
slaked lime, or iron oxide, supported on trays or “ grids,”
for the removal of its sulphur impurities and carbon
dioxide. The sulphur readily combines with either lime or
iron oxide, with the exception of a small residuum which
has hitherto resisted every means employed to dissociate it
from coal gas (Fig. 16). After slaked lime has performed
its office, it has largely become converted into inerf
carbonate of lime, with some sulphur; and is then known
as ‘“gas lime,” which is a useful dressing for grass

F16. 16.—Purifier.

lands. Oxide of iron will go on absorbing sulphur from
thoroughly washed gas, until so heavily charged with
it as to be worth treatment for its recovery. The gas on
leaving the last purifier is ready for sale.

Gas is measured on the works, for administrative reasons,
by station meters; and stored in the large floating shells
called gasholders until wanted. This storage, besides being
a practical convenience and safeguard for the continuity of
the supply, fulfils a highly important purpose in the
economy of the industry. It compensates the working for
the lack of correspondence between the irregularity of the
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demand, and the continuous production. In summer,
when the greater number of shops and places of business
never light up at all, the heaviest consumption of gas in a
residential district is between eleven and one on Sunday
mornings, while dinners are cooking; yet in no well
organised gasworks is there any gas making on Sundays.

Fi16. 17.—Gasholder.

The gas is simply drawn out of stock accumulated during
the week, and keeps without deteriorating or wasting
(Fig. 17). '

The proportion of storage capacity in gasworks is usually
aboutequal to the maximum twenty-four hours output; which
enables the works manager to regulate the production on
the most economical basis, with the minimum of stand-by
expenses. The discharge of gas from the holders into the
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F16. 18.—Connelly’s automatic governor.

N

This apparatus
needs only to be
adjusted ounce to
the maximum and
minimum pressures
required, when it
will continue to
automatically put
on and take off the
pressure according
to the demand at
any time, and in
strict proportion to
the maximum and
minimum for

which it is set.

The governor
consists of a bell in
a tank with water
seal, and connected
by a rod with two
valves of the disc
type. The outlet
pressure is com-
municated to the
bell by meaus of
the small pipe (b),
an increase causing
the bell to rise and
a decrease to fall.

In use the annu-
lar ring is suffi-
ciently weighted to
give the minimum
pressure required,
and a quantity of
mercury is intro-
duced to give the
necessary maxi-
mum, and this mer-

| cury is free to flow

between the glass
receptacle (2) and
annular ring (3) by
means of a rubber
tube. As the de-
mand for gas in-
creases, the bell
falls, the glass re-
ceptacle which is
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town mains is automatic, being controlled by an ingenious
apparatus called a ‘‘governor,” which opens or shuts the
main gas valves according to the pressure on the town side.
When the pressure backs up against the governor, owing to a
diminished demand upon the distributing mains, the con-
nection with the gasholders is throttled in exact proportion,
and enlarged again the moment that more gas is required
in the district (Fig. 18). Sometimes, in spring and autumn,
dense local fogs appear in parts of the district without the
briefest warning, whilst the atmosphere elsewhere is clear.
On these occasions the benefit of the gasholder and its
accessories is most marked, as it responds instantly to the
general lighting-up in the darkened region, which may only
last for a few minutes.

There are several other forms of the same order of
apparatus, as Cowan’s “ pressure changer *’; which are the
equivalent of the electrician’s “ switch board,” and are
more or less automatic in their action, according to the
requirements.

The economy of gas manufacture is carried to a high
pitch. Gasworks are designed and organised as engineering
works in which large quantities of heavy and bulky materials
have to be taken in and sent out, and handled throughout
with the least expense. The weight of coal carbonised daily
in a gasworks of the first magnitude far exceeds the fuel
consumption of any “ power house ” in existence, running -

rigidly fixed to it follows, and the annular ring rises, causing mercu
to flow from one to the other, thus increasing the weight on the bell,

iving more valve opening, and consequently more pressure; whilst a
g(lacrea,se in the demand reverses this movement, so decreasing the
pressure. If a record is taken it will show at a glance the hours of
cooking and lighting, the latter of course varying according to the
weather; but no matter what the difference in the daylight may be,
even on two consecutive days, the governor attends to all requirements
without any manipulation whatever. :
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well into four figures of tons.
material is accounted for will appear by the following table,
which also gives a comprehensive statement of the results
of the daily operations of a gasworks.

TOWN GAS AND ITS USES.

How completely this raw

STATEMENT OF THE PRropUCTS OBTAINED BY THE CARBONISA-
TION, IN NORMAL HORIZONTAL LRETORTS, OF DERBYSHIRE

UNSCREENED Gas NuUTs.

1905. (Proc. Inst. G.E.)

By J. H. BRowN, NOTTINGHAM,

September | September | September
6th to 7th. | 7th to Sth. | B8th to9th, | Averages.
Duration of test . . 24 hours 24 hours 24 hours
Number of charges . 48 48 48
Weight per charge . 2} cwt. 2} cwt. 2} ewt.
Total weight . . .| 5 tons 4 cwt. | b tons 4 cwt. | 5 tons 4 cwt.
Charges worked off in. . 5 hours 5 hours 5 hours
Condition of retorts .| verygood very good very good
working heat | working heat | working heat
Gas made, corrected . 60,991 3,985 65,348
’ per ton . 11,295 11,849 12,101 11,748
Orudegas . . . . . 11,514 12,038 12,310 11,952
Illuminating power of gas . . 15°84 15°88 15°11 1526
Sperm, 1bs. per ton - .| 564905 62278 6269 61458
Calorific power of gas . .| 652-591 689-578 625-565 689-578
- gross & net,
B.Th.U. per ton, net, millions 6175 6°849 6837 6787
Crude gas contains cent. 07 06 ? 07
» ” 12 11 078 10
” »n O » 2:2 26 20 2:8
Grains NHg per 100 cub. ft. . 80°56 57 ? 69
,» sulp.cpds. ,, . 1878 2201 8678 say, 24
Purified Gas, sp. gr. . 0°476 0°456 0°456 0463
Analysis COg . . 14 08 10 11
. O . . . 11 13 18 14
5» CnHm . . 41 89 40 40
2 .. . 84 78 88 83
Methane series . 27°5 268 25'9 26'5
H . . . . 508 54'8 526 52-4
N . . . . 72 56 60 63
Total for 3 days. Averages.
tons. cwt. lb.
Coke made 9 3 0
Breeze ,, 0 11 3
Dirt ,, . 0 12 1
Bats ,, . —_
Total residue . 10 7 0 Coke
1287 cwt.
per ton
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STATEMENT OF THE PRODUCTS, ETC.—continued.

Total for 8 days. Averages.
Quality of coke . . . . . . . 07
Ash in coke . . . . . . . . 524
Tar made, gallons . . . . . . . 257
,, per ton . . . . . . . 1587 Tar
1557
per ton.
Specific gravity of tar . . . B . . 1-130
Fixed carbon in tar, per cent. . . . . . 2227
Volatile matter . . . . . . . . 66-73
Liquor made, gallons, 10 oz. . . . . . 856
’ ”» ” per ton B . . 22 .
Lls. sulphate of ammonia per ton equivalent . 1852 l%lg;?!:
s/a per ton.

Analysis of Ash from Coke

8i0g = 45'92 per cent.
CaQ = 1819 ,,
MgO = 897 »
FegO3 = 1445 ,,
AlgOg = 1459
Alkalies = 217 ”»
804 = 056 ’

99°85 »

Coal, bright, shining black. Contains & few thin layers of charcoal in the plane of
stratification. Fracture cubical with a few laminse of carbonate of lime and traces of
sulphide of iron. Cross fracture irregular, showing a bright resinous surface. Streak,
reddish brown. When heated the coal fuses and swells up considerably. When burned
completely away it leaves a light brown ash. Per cent. ash in coal = 3-28.

Weights per ton.
Gas . . . . . . . . 4371b. -
Coke . . . . . . . . 1,482,
Tar . . . . . . . . 179 ,,
Liquor . . . . . . . . 225 ,,*
HS . . . . . . . . 14 ,,
COg . . . . . . . . T
CSg and CN . . . . . . . 8ayé6,,

Total . . . . 2,300 lbs.*

* Includes water used in washing.

The strength of liquor is expressed in terms of the
quantity of sulphuric acid required per gallon to neutralise
the ammonia content. Thus 10 oz. liquor requires 10 oz.
of the acid per gallon.

The cost of gas manufacture depends upon numerous
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elements of expense which differ in almost every case. The
most influential, in respect to the price at which it is
possible to sell the gas at the profit allowed the undertakers
by their private Act of Parliament, is the charge for capital,
which is usually an affair of history. British gas companies
are not as a rule allowed to reduce their capital, but the gas
capital of municipalities, like all their other loans, is
reducible by sinking fund. Owing to considerations which
must be sufficiently obvious, few old-established gas under-
takings in the United Kingdom have so low a capital as
they might set up in business upon at the presentday. On
the other hand, in cases where the undertaking has grown
considerably, the greater cheapness of the extensions has
lightened the whole capital burden. The scale of the
undertaking, also, affects the standing charges within a
certain range, small works being at a disadvantage in this
respect. It does not follow, however, that the very largest
concerns are necessarily the best off as regards fixed
charges, bulky outputs having their drawbacks as well as
their advantages. The capital charges of the Metropolitan
Gas Companies - run from 8d. to 1s. per 1,000 cubic feet
of gas sold. The works costs, in the same typical under-
takings, range from 103d. to 1s. 23d. Rates and taxes
vary from 1%d. to 8}d. (It will be perceived by this state-
ment, that even where a gas undertaking is not * munici-
palised,” it may contribute as much to the local exchequer
ag if it were.) These elements make up the price of gas
everywhere; and as the accounts are published, it is always
easy to obtain the actual figures in any case.

There is an entry in analyses of gasworks accounts which
requires some explanation. It appears under the title
* Unaccounted-for gas,” being the difference between the
volume of gas registered as manufactured, and that paid for
and used on the works. It usually amounts in ordinary
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cases to 5 per cent. of the output, more or less. If the
quantity is much higher, as it often is in mining districts,
where earth settlements are frequent, it means undue
leakage. This figure is one to which the careful gas
manager always devotes particular attention, as its magni-
tude is understood to indicate the condition of the distributing
plant. It has been too readily assumed, however, by some
without technical knowledge of the subject, that this figure
means leakage in every case, thus leading to the drawing of
fancy pictures of the condition of the subsoil of towns, and
other imaginary consequences of the continual escape of so
much gas. In fact, although the risk of leakage, as already
remarked, is one against which every gas manager is per-
petually on his guard, very little gas indeed is actually lost
in this way in localities of an ordinary character as regards
subsoil stability. In the newer streets of London, subway
tunnels are provided for the gas pipes, and these are
perfectly tight. The same condition would exist in the case
of gas pipes buried under roadways, but for the occasional
damage done to them by traction engines, road rollers, and
other exceptionally trying traffic. Breakages do occur from
such causes, resulting in waste of gas, but they are usually
detected before long. The figure in question is really the
cover of every sort of shortage. Thus, it has already been
explained that consumers’ meters may show a turn of
1 per cent. against the vendors, which helps to swell the
unaccounted-for figure. The supply to the multitudinous
public street lamps is not measured, but may be regulated by
small governors supposed to pass the contracted-for quantity
of gas. Any excess is unaccounted-for. Besides all these
and other “loose ends” which might be mentioned, the
effects of varying atmospheric temperature and barometric
pressure make it physically impossible to secure an exact
correspondence between the volumes of gas measured in
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Producer.

Carburettor.
F16. 19.—Carburetted Water Gas Plant at Liverpool (Humphreys and Glasgow’s system).

Superheater.

Safety Gas Seal.

bulk before storage, and in detail at the points of consump-
tion. Hence the appearance in the best-managed gas
companies’ books of an entry so open to misconstruction as
this of * Unaccounted-for gas.”
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An important ancillary of coal gas, in town gas manufac-
ture, is ¢ carburetted water gas.”” This kind of illuminating
and fuel gas is made, in British gasworks, from coke, the
residual from coal carbonisation, and steam, with an
admixture of heavy mineral oil. It originated, in the form
adopted in the British gas industry, in the United States,
and has spread over the world so rapidly of late years that
it is claimed to constitute one-third of the bulk of the gas
consumed by English-speaking peoples. The reasons for
this are the comparative cheapness of the plant both in first
cost and in working, the small ground space occupied by i,
the facility with which an auxiliary plant of the kind can be
got into full work at short notice, and one or two other
recommendations so well appreciated by gasworks managers,
that where a good plant has once been put down it is never
turned out. The type of plant now in question is that
known as the “Lowe.” It comprises a cupola, or
¢ generator,” with air and steam blast connections which
enable the coke fire within to be raised by the former to a
high pitch of incandescence, whereupon the air is shut off,
and steam turned on, which decomposes by contact with
the glowing carbon, forming what is technically termed
‘ blue,” or non-luminous water gas. This latter operation
cools the contents of the cupola, and it is therefore only
continued for a few minutes, when the steam is shut off and
the air blast resumed in order to raise the fuel to its former
state of high incandescence. The air blast, after doing its
work upon the coke in the cupola, is led through another
similar vessel lined and filled with firebrick chequer-work,
called the ‘ carburettor,” to which it imparts most of its
own sensible heat. It next passes with the same purpose
through a third vessel, similar to the “ carburettor,” which
is called the ‘‘superheater,” after which it escapes by a
chimney. The steam, however, as converted in the cupola

T.6G. F
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into water gas, follows the same course as the air blast,
with the difference that it is met in the carburettor with a
spray of oil, quickly gasified by the heat of its surroundings.
Water gas and oil gas thus travel onward in company to
the superheater, whose heat finally cements their union,
and the current of ‘ carburetted water gas” is drawn off
through a pipe to mix with the coal gas being made at the
same time. Such, in brief, is the process of manufacture
of carburetted water gas. It is quite as permanent as coal
gas, its only residual being a light tar.

Carburetted water gas was originally adopted in the
United Kingdom at the period when the native cannel coal,
which was required to enrich the gas manufactured from
common coal to the illuminating power then in vogue, was
becoming scarce and dear. This was about the year 1890.
It was at first, therefore, made of relatively high illuminating
power—say 21 or 22 candles—but when the standard of
illuminating power for town gas was lowered, as already
recounted, this gas was correspondingly reduced from the
grade of an enricher to that of the bulk production. This
was merely a matter of diminishing the proportion of oil
gasified. The manufacture of carburetted water gas in
British gasworks has largely increased under the modern
conditions, its economy being especially felt where the coal
has to be transported to the works by land carriage. In
such circumstances its cost into the holders is about the
same as that of coal gas, or slightly less. Some agitation
against the admixture of carburetted water gas with coal
gas has been attempted, as might be expected when an
ancient monopoly is threatened, the fear being expressed
that the comparatively high proportion of the poisonous
gas, carbon monozxide, in the combined product would prove
a menace to public safety. A Home Office Committee
inquired into the matter, but no action was taken, the
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evidence of increased risk being inconclusive. Since then
the manufacture has so greatly extended in municipal as
well as privately-owned gasworks, that it would be extremely
difficult to restrict it even if such a course were indicated as
justified by a sufficient body of testimony, which is not
the case.

The percentage composition of purified carburetted water
gas of 20%- candle power, made in London, is given as
follows :—

Hydrogen . . . . 2985 .
Carbon monoxide . . . 8819 %Comzlrllztlb]es
Marsh gas . . . 2048 Iluminants
Light-giving hydloca.rbons . 11-82 :
Nitrogen . . . . 517
Carbon dioxide . . . 017} Inert gases.
Oxygen. . . . . 082

10000

This description of gas is largely supplied in the United
States, anthracite coal being used as the carbon material.
In England, as already stated, coke resulting from the coal
gas manufacture is invariably used for this purpose, the gas
output of the works being therefore a mixture of about the
percentage composition given on p. 5. Such a mixture
is not practically distinguishable in useful properties from
all-coal gas, except that its flame is rather shorter than a
flame of coal gas of equal quality.

There is one consideration respecting the supplementing
of coal gas with carburetted water gas which is deserving of
mention, as an argument for the practice. Itis that by this
means, and by this alone, so far as existing technical know-
ledge goes, the high fuel value of the world’s production of
heavy petroleum oils, unfit for burning in lamps, is made
available for the public service. It is scarcely necessary to

F2
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labour the point of the great economical importance of this
market for these mineral oils, which form the greater por-
tion of the crude petroleum output of every field. The only
other use for them is for direct burning as fuel in special
furnaces of marine and land boilers. Only in a limited
number of localities, however, can the oils be laid down ata
price corresponding to their fuel value, and the quantity
available is far from being sufficient to supersede coal
generally. Fortunately for the petroleum and allied
interests, including the shipping, gas oil is saleable for
about 50 per cent. more money than oil fuel, so that the
bulk need not be wasted, as it otherwise would be.

In the manufacture of carburetted water gas after the
English fashion, about three gallons of heavy oil, itself a
residual of petroleum refining, and 40 to 50 lbs. of coke
inclusive of boiler fuel, go to make 1,000 cubic feet of the
finished product. In no other way could these residual
' matters reappear so efficiently as raw materials of a high-
class fuel and illuminant. It is a better market for both
than any other. Incidentally, the coal resources of the
country are sensibly spared by this manufacture, in which
80 gallons of oil and 8 cwt. of coke take the place of a
ton of gas coal.

“Blue” water gas—i.e., the product of passing steam
through a bed of glowing carbon in the form of anthra-
cite coal, or coke—is not suitable for general distribution
as a gaseous fuel. It is non-luminous. Its percentage
composition averages as follows, when made with coke :—

Hydrogen . . . 5192
Carbon monoxide . . 8962 | Combustibles.
Marsh gas . . . 078
Nitrogen . . . . 846

L1
Carbon dioxide . . 499 ) nert gases.

10000
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This gas has a calorific power of about 800 B.Th.U.
net, and requires 8-17 times its volume of air to burn it.
The objections to its distribution as a town gas, apart from
its non-luminous character, and the risk attached to pos-
sible leakage of a highly-poisonous inodorous gas, refer to
the intensity of its flame temperature and the rapidity of
its ignition when mixed with air in the bunsen burner. It
“burns,” rather than warms, being only really convenient
for welding iron. Its atmospheric ignition is too explosive.
Outside a gasworks or a blacksmith’s shop, therefore, it may
be truly said that nobody has any use for “ blue”” water gas.

It is manufactured to some extent for mixing with coal
gas, either by itself, or carburetted by the addition of
benzol. At one time it was thought that oil might be
economically carbonised in retorts, like coal, and the gas
either used to enrich coal gas, or to carburet water gas.
There is no technical difficulty in making pure oil gas, as is
proved by the practice of lighting railway trains by such gas,
which has the recommendation for this purpose of bearing
compression without too much loss of illuminating power.
This compressed oil gas is conveniently carried in cylinders
attached to railway carriages, and serves both for lighting
and cooking. It cannot, however, be manufactured advan-
tageously on the scale required of town gas manufacture,
oil carbonising retorts being slow of operation, and
requiring an impossible amount of space for anything like
a large output.

As employed to mix with coal gas, ‘‘ blue ”’ water gas is
‘ made by plant of the * Dellwik,” ¢ Methane-Hydrogen,”
“Kramers and Aarts,” or other systems based on the
method of producing the water gas from steam and coke
in a simple cupola, by which it is possible to obtain nearly
70,000 cubic feet of such gas from a ton of coke in the
best condition, or suy 60,000 cubic feet from a ton of coke
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in average working. It is found advantageous under
favourable conditions to add a proportion of this gas to
common coal gas. Or, the water gas can be carburetted
by the addition of benzol, a volatile residual hydrocarbon
of tar distillation and a bye-product of the blast-furnace
coke manufacture, and so added to the bulk of the output
a8 a luminous auxiliary. The question of the expediency
of these processes is for the manufacturer, who must be
guided by the local values of the raw materials, of his
labour, consideration of the condition of his works, and
many other cares with which the public has no concern.
So long as the standard of quality of the town gas is
properly maintained, the industrial problems of the manu-
facture can be classified as revolving round the central con-
sideration of value for money, which in the end affects
supplier and consumer in exactly the same way.

Schemes have been propounded, and in a few instances
tried, for the supply of towns with a cheaper and inferior
kind of gas as compared with the universal commodity of
which we have been writing, to serve as ‘ fuel gas.” A
brief examination of this proposition will also serve to show
why gas companies and local authorities, who have a per-
fectly free hand in this enterprise, go on supplying the
particular class of town gas known by this title everywhere.
The technic of gas manufacture recognises the existence of
a cheaper article to make, but not to distribute for general
consumption. This is the distinction.

Any inquiry into the economics of gas supply must begin
with the inquiry, “ Why gas?” With respect to any pro-
posed use of gas, it is advisable to first put the question
whether this is really the best means of going to work. For
there is no magic about the gaseous form of fuel, to render
it preferable to the solid, or the fluid form, in all cases.
The question of lighting is different. In times now past,
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when gas lighting was the only available means of obtain-
ing the desired effect, the supremacy of luminous gas over
any non-luminous variety of the commodity was unchallenge-
able, as it still remains. But there is some superficial
reason for the inquiry whether the same make of gas is best
for fuel purposes, requiring in many cases a large bulk of
the combustible.

Upon facing this question, the preliminary query must
be put as to what is the best private practice in the particular
case. Town gas supply started as a private convenience
and economy, before it was organised into a public service.
The same remark applies to the larger applications of other
gas. It must be shown to be the favourite of fuel users,
before its public supply can be hopefully undertaken as a
separate undertaking. This proof fails. In the United
States, there were at one time 27 public ““fuel gas” companies,
including undertakings in Chicago, Boston, and St. Lonis.
They all came to grief. The reason was that such gas as
they made showed no advantage over coal for any purpose to
which both were applicable; and it had no other uses.
As compared with the higher-priced town gas, it cost a
very little less to make, but just as much to distribute; and
being of lower heat value, the works, mains, services, meters,
etc., had to be larger than is necessary to deliver an equal
quantity of heat in the same time by illuminating gas. The
capital investment pro ratd, therefore, became excessive.

What is distinctively called  fuel gas,” to distinguish it
from town gas, is also classified by the names of “ producer
gas,” “Dowson gas,” “Mond gas,” and lately “suction gas.”
These names refer to a type of gaseous combustible, non-
luminous, usually impure, and of low ealorific power, pro-
duced by the imperfect combustion of coal or coke with
air alone, or with air and a certain proportion of steam.
“Producer” gas, made from coal or coke, and air, is
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admittedly too poor to carry economically any distance
from the producer. It is, therefore, only locally used
for heating furnaces required to be kept at a constant
temperature, as the settings of retorts in gasworks. In
itself it shows no economy over solid fuel ; but inasmuch as
it lends itself to heat ‘regeneration” i.e., the economy of
warming, by the waste gases of combustion, the air supply
to the furnace, it practically does effect a considerable saving
of the raw fuel. It is useless, however, where the heating
is intermittent; and the cost of the structural dispositions
is considerable. A sample from a Siemens gas plant using
coal shows the following percentage composition :—

Hydrogen . . 86)

Carbon monoxide . 24'4 } Combustibles, 35'4.
Marsh gas . . . 24

Nitrogen . ’ - 594 Inert gases, 64°6.

Carbon dioxide . . 52}

1000

This gas has a calorific power of about 110 B.Th.U., and
requires about an equal volume of air to burn it. The gas
will scarcely ignite cold, It is, therefore, necessary either
to use it straightway as made, while sensibly hot, or to
reheat it at the point of combustion. It is never purified,
and yields no bye-products.

A stronger fuel gas is that called after the principal
improver of the process of manufacturing it, Mr. J. E.
Dowson. “Dowson” gas is a product of passing air under
pressure, together with as much steam as can be introduced
without too much reduction of the fire temperature, through
glowing anthracite coal, or coke. Its continuous production
is theretore a question of hitting and maintaining the happy
mean of fire, air, and steam. This was the kind of * fuel
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’

gas” which the American companies already referred to
dealt in, with such disastrous financial results. There was
no market for it before the gas engine was made a com-
mercial success by Dr. Otto, about 1880. Since then,
Dowson ‘“ power "’ gas, a8 it has come to be called, has been
extensively made for this application ; always, however, on
the spot.

A sample of very good Dowson gas, made from anthracite,
showed the following percentage composition :—

Hydrogen . . . 158
Carbon monoxide . 276 } Combustibles, 44°8.
Marsh gas . . 14
Nitrogen . . . 518 |
- 1 | A,
Carbon dioxide . . 891 nert gases, 55°7
1000

It had a calorific power of 168 B.Th.U. (gross) per cubic
foot, and required 1°15 vols. of air to burn it. This gas is
made by blowing in the air and steam to the fuel in the
producer, and the plant is therefore distinguished as being
of the “ pressure ” variety. A small gasholder is usually
included in a power and fuel gas set of this type, to
equalise the production to the demand, and also to provide
a store of gas to start with. This accessory apparatus costs
money ; and occupies ground space, which is not always
available. Consequently, of late years preference has been
shown, where the gas is only to be used for driving an engine,
for a simplified form of plant called “suction gas plant,”
from the circumstance of the air and steam being drawn
into and through the fuel in the producer, by the movement
of the piston of the engine cylinder itself. The subject of
gas power generation will be discussed later ; but as regards
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the operation of suction power gas plant, it appears that its
convenience and compactness have to be paid for by a
weaker gas, the reduction of the engine power being
estimated by Messrs. Dowson and Larter at 7 per cent.
The net calorific power of suction gas is not much, if any-
thing, higher than common Siemens’ producer gas (ante),
showing only about 87 per cent. of combustibles, and taking
an equal volume of air to burn it. As there is no reserve,
the best class of fuel is necessary to ensure the regular
working of these producers.

The only other distinct make of fuel gas known is “ Mond”
gas, called after its inventor, Dr. Ludwig Mond. It differs
from the others in being a low temperature product, which
is brought about by passing a very large quantity of steam
through the cupola. The raw material is bituminous coal,and
the objects of the excess of steam (two-and-a-half times the
weight of the coal gasified) are to prevent the formation of
clinker, which would clog the producer, and to absorb the am-
monia of the coal. In order to enable so much steam to pass
through the fire without extinguishing it, a highly elaborate
and ingenious system of heat recuperation is provided. The
excess steam is not decomposed, as the steam is in water
gas and Dowson plant; but condenses in the form of water
out of the gas as it cools, carrying the ammonia with it.

The average percentage composition of Mond gas differs
when the ammonia is recovered, which is only worth doing
in the largest plants, and when it is left in. The calorific
power does not differ much, however, being given as about
155 B.Th.U. (gross). It requires 1-10 vols. of air to
burn it.

It will be seen by the foregoing particulars of industrial
and commercial gas manufacturing systems, that town gas
is a far stronger fuel than any of the specially named
“fuel ” or “power” gases. Ranged in order of calorific
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power, net, the comparison of all known manufactured
full gases comes out as follows:—

Cheapest town gas B.Th.U. per cubic foot 500 to 550
““ Blue ” water gas (non-luminous) . 280 ,, 800

“ Dowson’* pressure gas ’ . . 185 ,, 145
“Mond ” gas ' . . 185 ,, 145
Suction gas y . . 110 ,, 120
Siemens’ producer gas ” . . 100 ,, 120

So that, all other things being equal, it would need mains,
service pipes, meters, and all other necessary apparatus of
proportionately greater capacity, to carry any of these weak
gases in sufficient equivalent volume to do the work of
town gas. The cost of purifying them from sulphuretted
hydrogen would be excessive, on account of the bulk to be
dealt with ; and if this purification were omitted, a serious
nuisance would ensue, wherever the gas might be burnt.
Inasmuch, moreover, as these gases are twice as heavy as
town gas, the transmission of them would require more
power, and be costlier still. Therefore, whilst circumstances
may favour the private manufacture of one or another
variety of ‘ producer ” gas, for consumption on the spot,
it would not pay to distribute any of them for general
consumption, even if they were capable of subserving all
the uses of town gas, which is not the case.



CHAPTER III.

THE BYE-PRODUCTS8 OF COAL GAS MANUFACTURE.

The residual products of gas manufacture from coal—Coke—Coal tar
—Products of distillation of coal tar—The method of distilling
tar—Short history of the origin and development of the coal tar
products industry—The work of Perkin—Commercial uses of coal
tar products—Ammonia recovery—Recovery of cyanogen com-
pounds—Recovery of sulphur—Account of the tar and liquor
works of The Gas Light and Coke Company and list of the pro-
ducts, with their chief uses—General view of the economy of the
treatment of coal in gas manufacture—The economics of a chief
product, and of residuals.

Ix the previous chapter, at p. 60, there is given a very com-
plete and accurate statement of the results of carbonising
a sample of gas coal. This showed that besides the gas,
which weighed 487 lbs., one ton of coal yielded the following
valuable products :—

Lbs.
Coke . . . . . . . 1,482
Tar . . . . . . . 179
Sulphate of ammonia . . . . 183

These are the products of coal carbonisation, in town gas
works, which are commonly designated *residuals.”
Sometimes a cyanogen salt is recovered also, but this is
not commonly done.

Coke is the most valuable residual of coal gas manu-
facture. 'The works itself takes the first toll of it, for fuel
to heat the retort furnaces; and also for the carburetted
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or “ blue” water gas auxiliary plant, if any. In handling
it a portion becomes crushed, and is then called “ breeze, ”
which is also burnt by forced draught in the boiler furnaces,

or sold off for a
similar use, or
as the ‘agglo-
merate” in a
light kind of
Portland cement

concrete much .

used by builders.
This residual
sells for a large
proportion of
the cost of the
coal, being a
strong, smoke-
less fuel. As it
requires a good
draught in order
to burn well and
brightly, it is
best adapted for
burning in close
stoves. Except
being broken
into a suitable
size for small
stoves, it is not

Fia. 20.—The ‘‘ Quaker” Grate for burning
coke.

treated in any way for the market. Coke from vertical
retorts is denser than the ordinary, more resembling the
product of coke-retorts.

Quite recently (June, 1907) projects have been started
simultaneously in various quarters for the manufacture of
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a special description of gas coke by carbonising coal at a
low temperature, which has the effect of leaving some of
the volatile components of the coal in the coke, instead of
their being converted into gas, as in ordinary gas manu-
facture. This variety of coke ignites readily in open grates,
and burns with a short, hot, smokeless flame. It has been
called coalite,” * carbo,” and other trade names. The
other products of carbonising coal at a low temperature, with
the particular object of making this flaming coke, naturally
differ from those obtained either from metallurgical coke
retorts or from gas retorts. The commercial prospects of the
manufacture in question must depend upon the possibility
of profitably disposing of all the products of the coal; for
(except as regards the bee-hive coke oven, which occupies
a peculiar position in relation both to the coal and iron indus-
tries) the economy of carbonising coal for one, or less than
the sum of all its possibilities, is doubtful.

Coal tar is an extremely curious and interesting fluid,
having regard to its remarkable potentialities as the raw
material of much chemical industry. To the gas manu-
facturer, strangely enough as it may be thought, this
aspect of his tar does not specially appeal, and he reaps
little or no profit from the wonderful tar derivatives which
are the glory of modern chemical science. The chief fact
in this connection which strikes him is, that tar fetches no
more than it did before all this development of its hidden
properties. It sells to as much advantage to the gas
manufacturer, for making tar macadam, or tar paving, or
for tarring roads to prevent dust rising from motor car traffic,
as for distillation. Indeed, there are times and places
when it pays better to burn it, in place of coke, for heating
the retorts, than to sell. This seems a hard saying when it
is remembered that the coal tar colour and drug trade of
Germany, which has become the headquarters of this
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branch of chemical manufacture, employs thousands of
workers and turns out millions of pounds’ worth of products
annually. The explanation is, that tar is made compulsorily
in excess of the demand for it from this high-class chemical
manufacture, which is therefore able to supply itself with
its raw material on the same terms as the rest of the world.
Consequently, the gas manufacturer would be as well off if
he could consume his own tar in making more or better gas ;
which he is, therefore, always striving after.

The chemical industry of coal tar colour, scent, and drug
manufacture has only a third-hand connection with town
gasworks. Crude tar is usually sold off to distillers, who
a8 a rule treat it simply for the recovery of a series of fluid
distillates, and for the residual pitch, which has lately
realised the best price of any of these products. A few of
the largest English gasworks have tarworks of their own;
but the gain thereby is not enough to tempt the majority
to do likewise ; which, indeed, local conditions rarely favour.

The immediate products of the distillation of tar are as
follows, the sample being a typical London coal gas tar, of
specific gravity 1:192 (Water = 1°000), at 60° Fahr.

Per cent. by weight.
Aqueous ammoniacal liquor. . . 353
Lighter than water.

Light oils (dietilling over before 338°F.)  1:99 : Include benzol, the
source of aniline.

. . =1q0 . Include naphthalene
Middle oils » » BI8°F. 18:46) 7 3 carbolic acid.

Anthracene oils ’s above 518°F. 12:20 Source of alizarin.

‘ For paving, roofing,
Pitch (medium) . . . . . 5920 (varmsh, insulating,
etc.
Loss . . . . . . . 462
« 100°00

A ‘simple order of tar distilling plant, suitable for a
medium size gasworks situated in a neighbourhood where
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no question of nuisance is likely to arise, would consist of a
pair of pot stills of thirteen tons capacity, fed from an overhead
storage tank fitted with a steam coil, to keep the tar in the
best condition for the purpose. The condenser would be
made up of ordinary cast iron pipes formed into a nest by
bends. The collecting boxes for the runnings of the con-
denser would have thé necessary taps for turning the
successive distillates into the several storage tanks; and
away from these would be the pitch cooler, followed by pitch
bays, and storage yard. The still, which must only be
refilled when quite cold, is fired very gradually the first day,
the fires being banked up for the night, which gently warms
up the whole charge ; the working off of the still being com-
pleted during the following day. Immediately after the
last runnings are taken off, the pitch is run out into the
cooler, which is covered, and from here into the bays when
cool enough.

The products of distillation, being of the various natures
classified in the foregoing tahle, may be simply disposed of
by passing the ammoniacal water into the storage tanks for
the similar fluid recovered in the gas manufacture, to be
treated as will shortly be described ; and selling the light oils
or naphtha, the heavy or creosote oil, and the pitch. It is
an historical fact that tar distilling as an industry originated
in the invention of Bethell, in 1838, for preserving timber,
especially railway sleepers and harbour piles, by impreg-
nating it with the heavy creosote oils distilled from gas tar.
The use of the light oils for burning in ‘“ flare” lamps, as
naphtha, and for dissolving indiarubber, was discovered
about the same period, or earlier.

About ten years later, the interest of chemists in coal tar
was shifted from the creosote to the light oils, by reason of
the discovery of benzene in this portion of distillate. From
benzene the step was easy to the preparation of nitro-benzene
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a substitute for oil of bitter almonds, the odour of which
its own exactly resembles. In 1856 a great impulse
was given to the creative, as distinct from the analytical
chemistry of the coal tar compounds, by the discovery of the
first of the aniline dyes, mauve, by W. H. Perkin, then a lad
of eighteen. The jubilee of this remarkable discovery was
celebrated throughout the world in the summer of last year
(1906), when Dr. Perkin, F.R.S. (a8 he afterwards became),
received showers of academic honours and civic distinctions
for his great achievement, which was acknowledged to be
the glory of English chemical science in the nineteenth
century. It was more, inasmuch as it proved to be the
opening up of a new industrial world. Young Perkin’s
personal share in this conquest was more than falls to the
lot of most pioneers. ‘‘He became a manufacturer when
but a youth nineteen years old, and, without ever having
been inside a chemical works, he started an industry for
which there were no precedents. The raw materials had to
be got together, the processes of manufacture had to be
devised, special apparatus had to be designed, and when
the dye was made the right way of using it had to be found
out ” (Armstrong). Perkin earned and reaped a substantial
recompense from these efforts; but when he retired from
business he left no successors in England.

Much ink has been shed in controversy over the reasons
why the coal tar colour and drug manufacture, thus
originating in England, should have been transferred to the
banks of the Rhine. This question is beyond the scope of
the present book, the purpose of which is to give the facts
of the industry as they exist. To return, therefore, to the
treatment of the coal tar distillates, which starts with the
geparation, from the light oils, of the fluid hydrocarbon,
benzol. It may be desirable to explain here that the
nomenclature of these compounds is apt to confuse the

T.G. e}
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uninitiated. Thus benzene, spelt with the “e,” is the
product characteristic of coal tar, and only found in it;
whilst ¢ benzine,” spelt with an “i,”” comes from petroleum
only. The word “benzol ” is employed for the commercial
mixture of benzene, toluene (a nearly allied liquid having a
higher boiling point) and one or two other substances.
Benzol is quoted in the chemicals market as “50° or “90 per
cent.,” which refers to the proportions that will distil over at
under 176° and 212° Fahr. respectively, the balance being
less volatile. Although chiefly obtained from coal tar, a
further supply of benzol comes from the gas resulting from
the manufacture of metallurgical coke in products-recovery
ovens. Benzol is sometimes used in gasworks to raise the
illuminating power of gas, which readily absorbs a certain
percentage of it ; but the economy of the device is doubtful,
and it is only practicable on a comparatively small scale,
which will not affect the price of the product. It has lately
found a use as fuel for automobiles.

Lunge remarks of benzene that it is not merely a most
important substance for industrial purposes, but even
more so for theoretical chemistry. It is the origin of the
enormous array of so-called aromatic compounds, the key
to the composition of which is the celebrated ‘‘hexagon
formula” of Kekule. Few tar distillers carry the process
of obtaining commercial benzols, or the next product of the
light oils, commercial toluol, farther. The remainder of
the distillate at this stage is ‘‘ solvent naphtha,” used in the
manufacture of waterproof fabrics from indiarubber; and
also for dissolving grease, and cleansing clothing. A
residuum  may be separated as ‘ burning naphtha,” if
there is a sale for it. This makes the familiar street-stall
flare light.

The further rectification of commercial benzol inte pure
benzene and toluene is mostly done at the colour works,
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those in Germany alone being estimated to consume
monthly nearly 2,000 tons of it.

The so-called “‘ middle oils,” distilling over between 338°
and 518° F., contain naphthalene and carbolic acid. The
former crystallises at ordinary atmospheric temperatures
into white flakes which occupy a great deal of space for
their weight. Some naphthalene occurs in coal gas, and
is apt to cause considerable annoyance by crystallising in
the mains and services, where it obstructs the flow of gas.
It burns brightly, with a smoky flame, and was at one time
used to brighten the light of town gas by means of the
apparatus called the ¢‘albo-carbon” burner, now almost
obsolete. In colour works, it is the source of a green dye,
but the quantity required for this manufacture is limited.
The crude carbolic acid recovered by tar distillers from
their middle oils is a dirty-looking, thick fluid, which
requires several redistillations to yield the pure crystals of
“ phenol.” These do not dissolve readily in water; and
the article is therefore usually prepared for the market in
less pure forms. It really has a close affinity with alcohol,
and is not an ““acid.” Its antiseptic action is chiefly
exercised in preventing the development of lower organisms,
which it does not actually destroy. In the living subject it
coagulates albumen, corroding the skin and paralysing
the nerve centres. Accidental “burns” by phenol are best
treated with a fatty oil. In the pure state, phenol is
employed in the manufacture of colours, and also of picric
acid, used in the preparation of certain high explosives.

The fraction which distils over after the carbolic oil, at
above 518° F., is a mild, greasy fluid, known as green
creosote, or anthracene oil. It has been used as a lubricant,
and often for burning, as its commercial value varies con-
siderably. When the use of anthracene—which oceurs in
it as heavy crystals, capable of being filtered out after

¢ 2
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cooling—was discovered, it commanded a high price. This
was because anthracene is the sole source of alizarin, which
is the basis of artificial madder dye-stuff. The price soon
fell, however, until in the ordinary way it scarcely pays to
recover the anthracene. The reason for the commercial
weakness of coal tar in this regard, as in others, lies in the
compulsory nature of its origin in gas manufacture. As a
mere accidental residual, its production cannot be governed

Fi¢. 21.—Small Sulphate of Ammonia Plant.

by reference to its market value; a circumstance of which
buyers are usually able to take full advantage.

Ammonia occurs in the aqueous condensation from
crude coal gas, and also in the gaseous form in the impure
gas itself, from which it has to be washed out with water.
A small quantity of ammoniacal water also, as already
mentioned, comes over as the first distillate of coal tar. By
far the largest proportion of the ammonia recovered from
the coal carbonised, coked, or gasified, in the United
Kingdom, is produced in town gasworks, in the marketable
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form of sulphate of ammonia.

Its chief use is as a

fertiliser of soils deficient of nitrogen, at one time only

) Fic. 21a.

supplied artificially in the form of farmyard manure.! At
present, sulphate of ammonia has to compete in the market

with another concentrated
source of nitrogen, nitrate
of soda. Its selling price
accordingly varies; but it
has for some years ranked
next to coke as a con-
tributory  towards the
reduction of the net cost
of coal in gas manu-
facture. The production
of sulphate of ammonia
in British gas-works in

Fi1c. 21B.

1905 amounted to 156,000 tons, representing upwards of
one-and-a-half million pounds sterling. Even so, owing

! Particular information relating to the qualities and application to
culture on every scale, of sulphate of ammonia, is supplied gratis
by the Sulphate of Ammonia Committee, 4, Fenchurch Avenue,

London, E.C.
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to the exigencies of the principal manufacture—that of
gas—probably less than one-half of the available ammonia
of the coal is actually recovered. The process practised in
gasworks for the production of sulphate of ammonia from
the liquor collected in the works is simple (Figs. 21, 214, 2183).
The cold liquor is warmed by the waste steam on its way to
the still, where it is heated by steam pipes for the evapora-
tion of the “free” or uncombined portion of the ammonia,
which readily comes off at 200° F. Lime is then added to
the liquor, which expels the remainder of its ammonia.
The gaseous ammonia is led into a *‘ saturating ” vessel,
containing sulphuric acid, with which it combines to form
the sulphate, in the form of a whitish powdery salt. This
substance is removed from the mother liquor, and the
moisture drained off. It is then fit for sale.

Sometimes the plant is so arranged as to enable the
ammonia to be recovered in other forms besides the
sulphate, to suit the market for the time being; as the
muriate (sal ammoniac), or liguor ammonis, now largely
used for washing, and as a refrigerant. The sulphate,
however, is the product in greatest demand. Its chief use
as a fertiliser is for growing sugar beet in Germany and
France. Attempts to create a demand for it among British
agriculturists have not met with great success ; although it
is appreciated by some, and the experimental farms all
recommend it. Possibly the home demand for fhis, the
strongest of nitrogenous soil-foods, may increase when the
land is scientifically treated as a raw material of vegetable
production, and the principles of manufacturing industry
applied to this object.

Cyanogen compounds are produced in gasworks, especially
where the carbonisation is carried on at a relatively high
temperature. Like the ammonia, these are derived from
the nitrogen originally contained in the coal; and as gas
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coals vary in their content of nitrogen, as well as in the
temperature at which they are distilled, it follows that the
yield of cyanides is also uncertain. Inasmuch, however, as
in some works the coal carbonised is of a pretty constant
character, and the retorting maintained at a regular high
standard, the recovery of a cyanide as part of the purifica-
tion processes can here be conveniently practised. Insuch
cases, a proportion of cyanogen amounting to about 8 or 9
per cent. of the ammonia recovery has been reported. The
method of recovering the cyanogen from the gas (in one
process) is by washing at a particular stage of the purifica-
tion with a solution of an iron salt, which arrests it in the
form of ferrocyanide. The commercial demand for this
product, which is used chiefly in the treatment of low grade
gold ores, is fluctuating; and therefore the price it com-
mands is both uncertain and not very profitable, although
the temptation not to throw away any possible additional
source of revenue is pressing, in view of the constantly
rising labour and other expenses of gas manufacture. The
limited sale for cyanide, coupled with the consideration
that there are other supplies of the commodity that would
- be thrown on the market if inducement offered, keeps down
the margin of profit in the recovery of this residual to a
limit that does not encourage the multiplication of cyanide
plants in British gasworks.

Sulphur is met with variously in gasworks. It occurs
naturally in the coal, some descriptions containing more of
the element than others, usually in the visible form of
“ brasses,” or pyrites. No pit coal, however, is free from
it. In the process of gas manufacture, some of the sulphur
is distilled off with the gas, and some left behind in the
coke. Of that which accompanies the gas, a portion is
removed by the washing, which at the same time arrests the
ammonia, and appears later in the waste gases from the
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sulphate saturator. The whole of the remainder which is
in the form of sulphuretted hydrogen, is taken out of the
gas, as already described, by the thorough process of dry
purification to which the latter is subjected. The oxide of
iron commonly employed in British gasworks for this
purpose becomes so saturated with sulphur that it has a
value for ftreatment for the recovery of this substance.
Another source of sulphur is the waste gases from the
sulphate of ammonia plant. In some works, this sulphur-
etted hydrogen is burnt in acid chambers, and oxidised to
sulphuric acid for use in the same plant that it came from.
Or it is burnt directly to sulphur (brimstone) in a “ Claus ”
kiln.

The following account of the works, and list of the
products manufactured at the Tar and Liquor Works of The
Gas Light and Coke Company, situate at Beckton, near
Woolwich, and exhibited by the Company at the Inter-
national Gas Exhibition, Earl’s Court, 1904, will serve as
a summary of the state of the chemical industry of gas-works
residuals and bye-products at this period, and their uses :

(This statement was kindly prepared for the use of the
author by Mr. T. Wilton, the Manager of the Works, and is -
published by permission.)

The Products Works of the Gas Light and Coke
Company, adjoining the Beckton Gasworks, were founded
in 1879, and at the present time occupy an area of some
ninety acres, and afford employment to about eight
hundred men.

The whole of the tar and ammoniacal and cyanogen
liquors produced in the purification of the gas at the
various stations of the Company is converted into market-
able products at these works. Forty-eight tar stills, each
of a capacity of 2,500 gallons, are used in the initial
distillation of the tar, producing the materials known as
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light oil, carbolic oil, creosote and anthracene oil, while the
residue left in the still constitutes pitch, from which much
of the “briquette” fuel, so largely in use on the Continent,
is made. Some quantity is also used in electrical work as
an insulating medium. The annual production of pitch at
the works amounts to 60,000 tons. From seventeen to
eighteen million gallons of tar are thus dealt with in the
course of the year.

From the light oil are here recovered benzol, toluol and
solvent naphtha. Benzol is the parent substance from
which are derived the aniline and azo-colour industries,
the well-known “magenta” (fuchsin) being one of these
dyes. Toluol is also the starting point for some valuable
coal-tar colours, artificial indigo being formerly made from
this product. It also is a most useful solvent, and is
employed in the manufacture of xylonite. That wonderful
substance saccharin, which is three hundred times sweeter
than cane-sugar, and has largely supplanted the latter for
some purposes, is manufactured from toluol. Creosote is
still the most valuable preservative for timber, and from it
and the carbolic oil are obtained naphthalene and carbolic
acid. Apart from the well-known use of the latter product
as an antiseptic, it is a starting point for a further series of
important dye-stuffs. Lyddite (picric acid), is made from
the pure crystal carbolic acid.

Naphthalene is made in various forms, such as “Flake,”
“Tablet,” ‘ Candle,” ‘Balls,” ¢ Powder,” * Rice,” etec.,
suitable for its various and important uses. As a moth
preventive it is known to everyone, but few people,
perhaps, are aware that artificial indigo is now made from
this substance, besides other valuable colours. From
anthracene oil are obtained anthracene, from which is
made alizarine (Turkey-red), and a number of madder dye-
stuffs. A valuable lubricant is also made from this oil.
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The refined tar is used for tarring rough woodwork and
iron structures and for the manufacture of roofing felts.
It is used with road metal for making a dustless and
excellent covering for roads.

Other bye-products obtained from the tar are a dis-
infectant known as ‘ Bectol”; pyridine, which is largely
used for denaturising alcohol, and is also used in the
manufacture of certain dye-stuffs; and soluble creosote, a
valuable disinfectant largely used with sheep dip.

At the ammonia works of the company 54 million
gallons of ammoniacal liquor are treated every year. From
it are made 16,000 to 17,000 tons of ammonium sulphate
per annum.

Muriate of ammonia is also made from this liquor, some
200 tons per annum being manufactured for the use of
galvanisers and calico printers,and also for charging galvanic
batteries. Nearly 500 tons of liquid ammonia of various
strengths, and 150 tons of anhydrous ammonia are manu-
factured each year from the gas liquor. The former is
used for cleansing and other purposes, and the latter,
which is the liquefied gas, and is sold in steel bottles under
considerable pressure, is largely used in refrigerating
machines. Nitrate of ammonia is also made from the
ammoniacal liquor. It is the important constituent of the
modern “ amide " gunpowders, and is used in the
manufacture of explosives and also for the preparation of
nitrous oxide (laughing gas), used so largely in dentistry
and surgery.

The extensive sulphuric acid plant which is necessary
for the manufacture of the ammonium sulphate is capable of
producing 25,000 tons of acid per annum.

From the cyanogen liquor are produced cyanides of
sodium and potassium of great purity, also Prussian blue;
besides a large quantity of the prussiates of soda and
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potash. The cyanide is also employed in the electro-plating
industry, and in photography; and is one of the most
deadly poisons known to science.

The Prussian blue is made in a number of grades and
tints ranging from an exquisite bronze to a deep indigo
blue. It is used in the manufacture of fine printing inks,
and also for paper staining.

List or BrckroNn Tar Propucts (1904).

Solvent Naphtha.—Used in the manufacture of waterproof
fabrics, and solvent for indiarubber.

Pure Benzol.—A solvent for waxes, fats, sulphur, phos-
phorus,iodine, and gutta percha. Manufactureof anilinedyes.

Pure Tuluol.—Partly a solvent; also used in the
manufacture of aniline dyes.

Benzol, 90 per cent.—A solvent for waxes, fats, ete.

Sharp Oil.—Lampblack and soluble creosote manufacture,
and also used as fuel.

Creosote, Liquid.—Lighting, fuel, and manufacture of
soluble creosote.

Creosote, Ordinary.—Manufacture of naphthalene, and
pickling timber. ‘

Creosote Salts.—Manufacture of pure naphthaline.

Naphthalene, Various Forms.—Manufacture of dye-stuffs,
preserving skins, furs, etc. Also moth preventive.

Carbolic Miscible, A.—Disinfectant.

Carbolic Miscible, B.— Disinfectant.

Creosote, Soluble, Special.—Cleaning and disinfecting (for
cold climates), sheep dip.

Bectol.—Disinfectant.

Carbolic Acid, Crude.—Disinfectant; also used in the
preparation of picric acid.

Sodium Cyanide.—Gold extracting and silver plating.
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Cyanogen, Purple.—Pigment.

Hatchet Brown, Light Shade.—Largely used in artistic
and mural decorative work.

Hatchet Brown, Dark Shade.—Largely used in artistic
and mural decorative work.

Various Preparations of Prussian Blue.—Used for
printing inks.

Cyanogen Purple Solution.—A new pigment.

Sulphur.—Manufacture of sulphuric acid.

Iron Oxide—Manufacture of paint.

Oxide Paint.—Preserving iron work.

Liquid Carbolic Acid.—Preparation of soluble creosote,
sheep dip, ete.

Carbolic Acid, Detached Cr ystals —Antlseptlc

Carbolic Acid, Liquefied Crystals.—Antiseptic.

Carbolic Acid, Crystals, 839-40 per cent.—Preparation of
picric acid; also used in the manufacture of salicylic acid
and soap. .

Carbazol.—Dyes.

Green Oil.—Constituent. of wagon grease, and "also used
as a fuel.

Anthracene Oil.—Manufacture of anthracene.

Anthracene, 40 per cent.—Manufacture of alizarin.

Anthracene, 80 per cent.—Manufacture of alizarin.

Anthracene, 90 per cent.—Manufacture of alizarin.

Anthraquinone.—Manufacture of alizarin.

Alizarin.—Alizarin dyes.

Crude Bases.—Preparation of pyridine, lutidines, ete.

Pyridine.—Principally for denaturising alcohol.

Nitro-Benzol.—Production of aniline; sometimes used as
a perfume.

Aniline.—Aniline dyes.

Pitch.—Briquettes for fuel, and asphalt; also for
electrical work.

-
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Refined Tar.—Tarring rough woodwork, roofing felts,
and for asphalt.

Creosote, Soluble, No. 1.—Cleaning and disinfecting, sheep
dip.

* AmMoNiacaL Liquor Propucts.

Ammoniacal Liquor.—Preparation of liquid and anhydrous
ammonia, also ammoniacal salts.

Ammonia, Liquid, Sp. Gr. *880.—Preparation of ammonia
salts, toilet and cleaning purposes.

Ammonium Carbonate.—For smelling salts, ete.

Ammonium Chloride (Muriate) Crystals, Refined White.—
Galvanising and calico printing.

Ammonium Chloride (Muriate) (Dog’s Tooth Crystals).—
Galvanising and calico printing.

Ammonium Chloride (Muriate) (Ordinary).—Battery
purposes, galvanising, ete.

Ammonium Sulphate.—This salt is a constituent of arti-
ficial manures, and is also largely used in the preparation
of liquid ammonia, alum, and in the ammonia soda process.

Ammonium Nitrate.—Much used in the preparation of
nitrous oxide gas and explosives.

Anhydrous Ammonia, Cylinder and Case.—Refrigerating
purposes.

CyaNogEN LiQuor Propucrs.

Cyanogen Liquor.—Preparation of Prussian blues.

Prussiate of Potash, Yellow.—Manufacture of Prussian
blue and potassium zyanide.

Prussiate of Soda, Yellow.—Manufacture of Prussian
blue and sodium cyanide.

Red Prussiate of Potash.

Potasgsium Cyanide.—Gold extracting and silver plating.
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It will appear from the foregoing account of the
multifarious activities of the residuals department of a
modern gasworks, that nothing extracted from the raw
~ material, coal, is lost sight of or permitted to escaps, if it is
worth saving for the market. Two of these bye-products,
coke and tar, may be described as having always had their
ohvious uses, and corresponding money values. In the
case of the other bye-products now brought into the revenue
accounts of a town gasworks, they long remained in the
category of ““ impurities ” which had to be got rid of some-
how, before their proper uses were found and their market
values determined. If the economy of the gasworks treat-
ment of coal is contrasted with the wastefulness of burning
it directly by means of a fire-grate, industrial or domestic,
for its sensible heat of combustion alone—every other com-
comitant of this proceeding being disregarded or permitted
to constitute a nuisance—the conclusion that must be
drawn is that the former is by far the preferable method of
treating the national coal capital, or at least so much of it
as is suitable for the purpose.

It is quite true, although the fact is not always under-
stood or viewed in the light of all the circumstances and
conditions, that in some places and at times the residual
products of coal gas manufacture bring in enough money
to pay the prime cost of the coal. It is, however, absurd to
deduce from this accidental circumstance, as is sometimes
done by non-technical persons, that therefore the gas costs
nothing, and might be given away in these cases. Apart
altogether from the profound economic truth that nothing
can be had for nothing, in town gas manufacture the net
cost of the raw material forms only one element of the
total cost of the supply, and never a preponderant
one. In the public service of town’s water supply, with
which gas supply has so much in common that the law
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of one is often the law of the other, the raw material
never costs anything, yet the distributed supply often costs
a good deal. The economic weakness of the whole gas
residuals trade, from the sellers’ point of view, proceeds from
the fundamental condition, perfectly well known to the
prospective buyer, that the volume of the production is not
under control. The manufacture, whether of coke, tar, or
sulphate of ammonia, must follow the demand for gas,
whatever the state of the respective markets. It is this
helplessness of the producer in their regard which distin-
guishes bye-products or residuals from the staple article of
his trade. The distinction is sometimes lost sight of in
amateur discussions of matters of industrial economics, so
that one hears talk of prospects of making the largest
profit out of bye-products; or by the working-up of waste
products which are to be had for next to nothing.

It is the absence of any economic relation between the
value of the chief product, for which the concern has to be
carried on at all hazards, and of the accidental bye-products
or residuals, which is fatal to schemes of the former variety.
The demand for town gas must be met, whatever the cost
of the raw materials used in the manufacture. The. price
of gas coal is governed by other influences than the
demand for gas—which varies little—usually by the state
of the iron, engineering, and shipping trades, and by
colliers’ wages. When these trades are brisk, so that their
demands for fuel are large and increasing, gas coals rise in
price, gas oil becomes dearer in sympathy, and the cest of
gas manufacture is disproportionately greater ; because it
by no means follows that the market for residuals moves
in the same sense. The economic doctrine of * equivalent
values,” in virtue of which all possible substitutes for a
commodity participate in its enhancement or depression,
hits the gas manufacturer in his oil supply, as already
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remarked, whenever his coal goes up ; but the coke he has
to dispose of is not such an exact substitute for coal that he
can always depend upon obtaining an equivalent price for
it. And tar and sulphate of ammonia are never affected
by the cost of the coal from which they are produced.

Therefore, in town gas manufacture, it is rarely possible
to “get back by the swings what is lost on the round-
abouts,” as the doctrine of economic variations is succinctly
expressed in the terse language of the showman. Coal
may cost a gas company 3s. or 4s. per ton more this year
than last; bat the coke may not fetch more than a few
pence per ton in advance of the old price, whilst tar and
ammonia may even fall. It is impossible to rely upon the
bye-products for a permanent ratio of return on the cost of
coal. When they do happen to sell well, the best course to
follow is to let them go, and put the money by in the shape
of reserve fund against the inevitable rainy day.

With regard to the other economic delusion, that
abnormal profits are to be made by working up waste
material that can be had originally for nothing, whether
for gas manufacture or any other purpose, those who enter-
tain it only do so by ignoring the * principle of rent.”
They forget the landlord, or ‘‘reckon without their host.”
It may be, and often is, possible to pick up something
which other people have no use for, or have thrown aside,
and turn it to account. There is commonly a drawback to
the proceeding, which miust always be of an accidental and
limited validity. If one could only go to the pit’s mouth,
where oven coke is made from the small coal, one might
apparently have a good deal of excellent gas, the waste of
the ovens, for nothing. But this condition would only
endure for so long as nobody really wants the gas that
is wasted. If it were seriously proposed to lay down
works for taking advantage of this gas, the owner would
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immediately put a price upon it. This operation has been
exhibited time after time in connection with all kinds of
commodities; and yet there are to be found people who delude
themselves and others that the principle can be overlooked.
There are a few small gas undertakings in different parts
of the country, which are able to obtain the supplies of
high-class coal they require at remarkably low cost, because
the large works are not in the market for the same raw
material. The same fortunate works may happen also to
be favourably situated for disposing of their residuals
locally at good prices; but no argument can be founded on
such facts, respecting the possibilities of other undertakings
which must be carried on elsewhere under their own
peculiar conditions.

T.G. H



CHAPTER 1IV.

GAS LIGHTS AND LIGHTING.

Original object of coal gas manufacture—Self-luminous burners—
Regenerative gas lamps—The invention of the incandescent gas
light—1Its struggles and triumph—Its effect upon the policy of
gas companies—Description of the system—Details of the burner
—Fundamental principles—The ‘¢ Kern > burner—Other upright
incandescent gas burners—Inverted incandescent gas lamps—
‘Wide range of incandescent gas lights—Self-intensifying lamps—
High-pressure lamps—Descriptions of various systems in use—
Possible developments.

THE purpose for which coal gas was originally made and
used, was that of giving light by its flame. Gas being self-
luminous, this is a very simple matter, as the gas must
show a light when burnt in air. It was very early observed,
however, that the design and construction of the ¢ burner”—
meaning the modified termination of the gas supply pipe
from which the flame starts, and sometimes the dispositions
made for the access of the necessary quantity of air for
combustion, including the chimney—exercised a great
influence upon the luminosity of the gas. Thus the
practical value of any sample of town gas as an illuminant
has never been regarded as a fixed quantity inherent in the
gas; but always with reference to the particular burner
employed. This aspect of gas light, so far as is necessary
to explain the selection of standard test burners and the
rating of the gas in terms of statutory illuminating power,
is sufficiently discussed in Chapter I. So early in the
history of the gas industry as 1815, the advantages of the
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Argand type of burner for developing the luminosity of
common coal gas were recognised, so far as it lent itself to
the regulation of the air supply. But the very fact of burners
of this type owing their virtue to carefully-proportioned
air currents means that they are too sensitive to draughts
for general use. Consequently, for this reason, and also on
account of their cost and the trouble of keeping the
chimneys clean, Argand burners never suited the mass of

Fia. 22.—Improved flat-flame burners.

gas consumers; but were confined to the dignified and quiet
atmosphere of banks, libraries, ete.

The common run of gas lights, alike for private use and
in public street lamps, was made up of various patterns of
flat-flame burners, without exception of low efficiency as
light yielders. They were called batwing, union-jet, or
fishtail burners, from the shape of the flame of the burning
gas. They were made of metal, the first like a small
thimble with a saw-cut across the top, the latter of similar
construction, only with two round holes pierced in the top,
looking towards one another nearly at a right angle. The
effect of this disposition was that the two issuing gas jets
met and flattened one another out into a joint fan-shaped
flame, which spread less sideways than the batwing, and

H 2
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was therefore more suitable for glass globular shades.
Down to the present time there exists no other pattern of
flat-flame gas burners; but their efficiency has been greatly
improved, chiefly by making the actual burner tip of steatite
or porcelain, which preserves the shape and size of the slit
or holes better than metal, and, being a non-conductor of
heat, also keeps the flame hotter, and consequently brighter
(Fig. 22).

A marked improvement in flat-flame burners and
their economy, was brought about some years back by
the introduction of regulators, or governors, of the gas
pressure at the point of combustion. All luminous flame
burners do best at a low pressure and a uniform one (say
five-tenths of an inch of water). When such burners sing,
roar, and flare in ragged points, too much gas is passing, and
not giving its proper light: As it is practically impossible
to check excessive pressure and consumption in the case of
domestic flat flames by the burner tap, and quite impossible
in the case of public street lamps, this object is attained by
making the gas pass through a little appliance in which
excessive pressure lifts a valve which chokes the supply,
restoring it as the pressure falls. Or the same effect is
obtained well enough for most practical purposes, by putting
a Bray’s “ economiser ”’ of & higher number, upon a Bray’s
burner—as, for example, a No. 7 “ economiser *’ on a No. 4
regulator burner. This arrangement is effective in dealing
with the increased main pressures usual at the present time.

Flat-flame burners still have their uses for particular
purposes and in certain situations. They are all that is
required when the object is merely to *“show a light,” and
they will withstand rough usage. For safety lights in
cellars, corridors, and public stairways they are invaluable,
as they do not need any attention. They are obsolete,
however, for every purpose of public and private lighting
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in which either brilliancy of luminous effect or saving
of gas is a consideration; as gas lighting by incan-
descence (Welsbach’e system) is at least ten times more
efficient, with a far greater range of power. Just before the
Welsbach invention appeared, there was a brief era in the
development of gas light in which what were known favour-
ably as the “ regenerative ”’ lamps of F. Siemens, Wenham,
Grimston, and Bower figured conspicuously. In this system
of using gas for lighting, the self-luminous flame was
employed, supplied with heated air, which materially
enhanced its brilliancy. All these lamps worked on a
closed cycle of heat exchanges, in which the hot products of
combustion imparted some of their heat to the inflowing air
and gas. Their efficiency was three or four times that of
the ordinary flat-flame burners; but they were costly, and
required careful adjustment and looking after. Their
greatest recommendation was that they lent themselves
readily to assist the general ventilation of interiors, for
which purpose they are still retained in some smoking-
rooms, etc. They can usually be refitted to advantage for
" the incandescent system.

Actual modern gas light dates from the invention, in 1885,
by Carl, Ritter von Welsbach, an Austrian chemist of repute
in the higher walks of metallurgy, of ‘“an illuminant
appliance,” to quote the specification of the famous master
patent, ““consisting of a cap or hood” of textile fabric,
which, having been steeped in a solution of the nitrates of
the so-called ““rare earths,” thoria and ceria, was to be
suspended over a bunsen (atmospheric or non-luminous)
gas flame. Hereupon the substance composing the fabric
would burn away, leaving a skeleton of its form consisting
of the oxides of the rare earths in question, which, being
very refractory, would be raised to brilliantly luminous
incandescence by the heat of the burning gas. The
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Fi1¢. 23.—Diagrammatic drawing of a Welsbach ‘“C” burner.

A, Gas injection nipple, screwed to take D; B, Air inlets ; 0, Guard
plate, to prevent the flash when burner is lighted from entering 8 and
igniting the gas at the nipple ; D, the shaft of the burner, in which
the gas and air mix ; E, the burner top, sliding over D, and ing
the gallery 1, which holds the glass chimney K : ¥, the burner head,
expanded to fit the mantle, and ending in the wire gauze top @, and
the socket for the rod H supporting the mantle MM ; L, crutch top of
the mantle rod, taking the asbestos loop of the mantle.

invention had a weak and perilous infancy. Much mystery
wrapped its earliest appearances in Vienna, and no experi-
enced firm of gas lighting engineers anywhere would touch
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it. How it eventually struggled through the inevitable
trials of new and great inventions would take a volume to
narrate in detail. It has been truly said that the critical
stages of the development of all true inventions are the
same. First, the knowing ones declare it is of no use;
next, that it is not practical ; lastly, that there is no novelty
in it, and it is not the property of the inventor and patentee
—in short, that everybody knew about it all along !

All this, and more, was adduced against von Welsbach’s
invention, which was not only hampered by the imperfec-
tions of youth, but was also prejudiced by the fact of its
dependence upon the properties of certain natural mineral
elements, previously of the rarest occurrence, and only
mentioned in the extant text-books as curiosities of
mineralogy. Driven back upon their own resources by
the coldness of all expert opinion, von Welsbach and his
associates had to attack the problem of the supply of the
raw material necessary to their manufacture; and were
rewarded by the discovery that the scarcity of these
minerals was not positive, but merely temporary, and that
they exist in various localities in adequate quantity. They
also worked out the method of applying the illuminant
elements to the best advantage, so that the formula they
arrived at for the dipping solution (thoria, 99 per cent. ;
ceria, 1 per cent.) has held good ever since. Another grave
objection to the system was, and still is, the fragility of the
illuminant body, which came to be called the ‘mantle.”
This weakness the original exploiters of the invention only
partially cured by adopting a treatment of the mantles
by varnishing, which enables them to be handled and
transmitted in packing-cases (Fig. 28).

During the several years after the success of the system
became assured, and its universal adoption by gas con-
sumers was perceived to be only a question of price and
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time, the gas companies were feeling their way to officially
adopting it, in the sense of carrying out public and private
installations of the system. Although the public were
taking very kindly to the new fashion of gas light, the
difficulty of the fragility of the mantles, and of the necessity
of paying more attention to the condition of the burners
and chimneys than gas consumers were accustomed to
bestow upon the lights these displaced, finally constrained
the gas companies to come to the rescue by offering not
merely to instal, but thereafter to maintain at a nominal
charge, the system in good and satisfactory condition.
This was a notable new departure and altogether fresh
responsibility for the gas companies; who had previously
regarded their duty to the consumer as ending with the
supply of gas at his meter. In effect, it has entailed almost
everywhere the setting up by the gas companies of a
complete gas appliance and fittings department of their
undertaking, to the great gain and convenience of the
public generally.

As actually used, to the supersession of all other methods
of gas lighting, the Welsbach system falls normally into
three main divisions of appliances. These are—

(1) Upright burners ; with normal gas and air supply.

(2) Inverted burners ; ’ ’ "

(8) Burners with increased pressure gas or air supply.

There is