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INTRODUCTION.

OF the many inventions which have tended
to benefit mankind, and to administer to their
comforts, perhaps no one has been of much
greater utility than that which taught them
to procure artificial light, for supplying, in
some measure, the place of the sun, dur-
ing the time that he is sunk beneath the

horizon.

From the earliest ages we have accounts of
fire having been used ; and it follows, in con-
sequence, -that from time the most remote,
man has been able, by means of it, to make
the hours of night more cheerful than he

could possibly have done had he been un-
b
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acquainted with its use. It would be useless
to inqure how it was first obtained, for al-
though the inquiry might be carried to
great length, and with much ingenuity, it
could be but theoretical ; and were such in-
quiries pursued by a bundred philosophers,
it is probable the results would be numerous,
and perhaps not one of them perfectly
correct. ;

Whether, in the first age of the world, man
was accidentally led to observe that the fric-
tion of one branch of a tree against another
generated heat; whether-he found that by
the collision of hard bodies, sparks of fire
were produced; or whether it was not first
kindled by the lightning’s blaze from hea-
ven, by the very hand of Deity, and care-
fully preserved till the human mind had
become so enlightened as to be able to pro-
cure it from bodies where it was latent, the
outward appearance of which exhibited no
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marks leading: to expectations of finding it
within them, is not the subject to be inquired
into. The speculative mind might find much
amusement from its endeavours to establish
the fact; b'ut,' luckily for mankind, the age
of theory is at an end, and experiment has
taken place of it. We no longer take for
granted the different hypothetic systems
which have existed without bringing them to
the test of experiment. We thus know how
to detect what is false, and to estimate the
value of truth ; for experiment builds upon a
sure and safe foundation.

By carefully pursuing our inquiries, whilst
making actual experiments, we can hardly fail
to obtain the knowledge we may be in search
of. Wise men in former times lamented to ob-
serve the adorations paid to hypothesis whilst
experiment was neglected. They anxiously -
- exerted themselves to introduce the latter,
~ and their endeavours, though not in their
b 2
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own day, have ultimately been crowned with
success.

Whilst in rude and uncivilized countries
man sinks in the scale of being, we find, in
those where science has shed her rays, the
mind expanded, and the faculties so en-
larged, that, were we to compare an en-
lightened philosopher of the present day
with the uncultivated savage, we should
pause, with - astonishment, to observe what
culture can perforrh. But, for our greatest
improvements in science and the arts, we
are indebted to experiment.—Let us turn
our inquiries whatever way we please, we
shall find it has been resorted to. In the
science of chemistry what has it done? In
little more than a century it has dispelled the
dreams of alchymy, and supplied their place
by sober research : it has stripped that sci-
ence of the jargon of unmeaning words, and
so simplified its terms, that, what was once a
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dry and barren study, occupying the whole
period of a man’s. life, without much real
profit in the article of useful knowledge, has
become easy, delightful, and instructive to
almost every class of society.

But, to return to the subject of artificial
light :—we shall, on inquiry, find, that, in
uncivilized countries, where travellers have
had opportunities of making their observa-
tions, the means for procuring it, which are
most generally known, are the rubbing pieces
of dry wood briskly against each other ; thus,
by friction, obtaining what is much more
easily procured by collision, and still more
so by chemical preparations.

When the destructive effects of fire-arms
were first witnessed by the inhabitants of the
new world, we are told that they looked upbn
the men who used them as more than mortal :
with what astonishment would they have be-
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held an European obtain light by means of
a portable fire-box ! and to what pitch would
it have been raised had it been possible to
have introduced them into a theatre, which,
as if by enchantment, blazed forth in a mo-
ment with ten thousand lights, and in a mo-
ment was again almost in utter darkness !

If we look at the blaze of wood (the only
artificial light known to the rude and un-
cultivated savagé, and compare it with the
light emitted by a tallow candle, we shall
observe how far the use of one exceeds the
other; but, going a step further, by com-
paring it with the light which is obtainable
by means of coal-gas, the disparity increases
to a degree almost beyond calculation. By
reverting to the time when, in this metropolis,
the rush-light was the most improved arti-
ficial one known, and comparing it with the
lights which are now to be found in almost
every house, we see. how much has been
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done in our own country ; and is it not
reasonable to expect that other nations will
ultimately be equally enlightened? The
steps leading towards improvement are not
always rapid; but, when the search is dili-
gent, constant, and persevering, it must un-
doubtedly be found.

The subject of the following pages, which
treat of the theory of the production of
artificial light,—the cost of various modes of
obtaining it,—the natural history of pit-coal,
—its various combinations and uses,—toge-
ther with its application in the production
of carburetted hydrogen for the purpose
of illumination, being the result of experi-
ments, in the large way, can hardly fail of
being useful. In no part of them has the
author lost sight of those experiments which
he has made, Awith the greatest care -and
attention, on the generation of gas. He has
looked, with the most scrutinizing exactness,
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at the expenses attendant upon the various
modes adopted for the distillation of coal ;
and, as it has been his duty to attend and to
report upon the experiments made, for the
purpose of ascertaining which is most likely
to answer the purpose of the manufacturer,
the information he has gained is such as
actual experiment alone can give, when con-
stantly pursued for many months together.
In vain may it be attempted, by experfments
made in the small way, to come at any thing
near the truth ; for when those experiments
are brought in comparison with the larger
and more extended process, experience has
taught that no dependance can be placed

upon them.

Whilst paying attention to the retorts, and
the best mode of working them, he did not
neglect to observe improvements that might
be made in the different adjustment of pipes
leading therefrom, so as to save expense and
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labour. The condensation of the gas, prepara-
tory to its being submitted to the purifying
process, the purification thereof in the best
manner and at the least expense, and the
construction of gas-holders, on the most ap-
proved principles, are subjects which he
proposes to speak of. Other minor branches
of the science of procuring artificial light,
by decomposing pit-coal, will meet with due
attention ; and, in short, his object is me-
thodically, but plainly, to describe every
part of the gas-light apparatus, so as te
enable any one who is at all acquainted with
mechanics, to erect such, either for supply-
ing his own premises with gas, or for lighting
up large manufactories, streets, or even
towns.

In performing his task, he trusts he shall
be able, on all occasions, to speak of the in-
ventions of ingenious men, who have, by
their talents, promoted the interests of the
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manufacturer, with that candour which ought
to be attended to by every writer, not at-
tempting to damp the spirit leading to im-
provement, where failures have unfortunately
happened. He is well aware, that, although
much has been already done, that still more
is wanted ; and that, as experiment alone
can bring the science to perfection, some
failures may be expected, and some will
doubtless happen. '

Knowing that the results of experiments,
when thrown into a tabular form, exhibit
more strikingly the advantages or disadvan-
tages attendant upon different systems which
have been pursued, the author has been par-
ticularly careful in selecting such matter as
has enabled him to furnish the reader with
several on different subjects connected with
the science. '

He has only further to observe, that in no
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.

one instance does he intend to lay before the
Public, experiments which have not been
made under his own observation ;—unless of
such a nature as are likely to be beneficial,
and then by stating his authority.
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Philosophical ank Peactical Teeatise
- GAS LIGHT.
CHAPTER L

Theory of the Production of Artificial Light, and of the
Action of Candles and Lamps ; with Directions fot ascer-:

- taining the illuminating Power of Candies, Larupy, and

- Gas Lights ; and for computing the relative Cathalm’
of Light emitsed by each. . s

SHCH Sume as issues from any body' thatis e
mitted {0 the aetion of fire consists of that mmtier
which, if eollected, is knownl by the term hydso-
gen gas, which is moze or less pure according to!
the matter uded for its production, and the gix-
cumstances under which it is generated. . Should;
$he circumatances under which the combustion,
ofsueh inflammable mattey is carried on be favour
able, the flame will be: perfect and. brilliant; but,

the combustion: be. incomplete, past..of the
watter, capable of ﬁu‘mslmg ight and heat, wil}
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pass off in smoke: it therefore follows, that, where-
ever much soot is found, we are to conclude that
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the inflammable matter to mix with the surround-
ing atmospheric air than could be consumed. If
it be allowed to exhibit itself in bulky diameters,
much of its effect will be lost; for, under such
circumstances, the interior of the flame cannqt be
completely burnt, for want of that due proportion
of oxygen which is absolutely necessary to com-
plete combustion. If the matter submitted: to
combustion be thrown out at a very low tempera-
ture, it will not burn in the open air; it is, there-
fore, of consequence that the matter for producing
flame should be produced at a proper heat, and
thrown into the atmosphere with that velocity
which will allow it to be wholly decomposed by its
burning, and so that no smoke may arise from it.

It must, however, be borne in recollection that
if the stream of air acting upon the combustible
matter be too great, it will defeat the desired
-effect, whilst the contrary will tend so'to weédken
the flame as to render it nearly useless. At the
mouth of an oven the flamé i§ large and powérfid,
yet, notwithstanding the mattér ‘producing such
fldme 75 ‘contaihed within'the oveii, the situation
is unfavourable-'to’ dombustion. ' If, ‘for expéri-
ment, we conveyéd paper into it, by niears 6f‘a
_ mbtal tube, We shdlild fikd it would not'bdiset fisd
to'} 4 want of aif 'would prevent it from’ burning? -
and the same’ "thifg holds good” with' réspect to
any gaseous Huil’évolved, which never presents

- B2
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itself as flame unless it be mixed with a current
of air to support it. The necessity of a proper
supply of air for supporting combustion to advan-
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buring to be certified of the fact. Such variation .
doees not depend upon the medium which supports
the process, but is to be attributed solely to the
matter of the combustible body. By considering
this matter, we can easily comprehend the possi-
bility of tinging the colour of the purest kind of
flame, by mixing the body producing it with sub-
stances for that purpose. As for the colours of
flame exhibited when coals, wood, and other com-
mon combustibles are used, their different shades
amount but to a few of red, purple, and yellow.
These, doubtless, arise from the greater or lesser
gquantity of watery vapour or smoke which passes
through the flame unburnt with other incombus-
tible products. - ,

By observing the flame of a common candle
carefully, we shall perceive that the colour of it is
not uniformly alike; the lower part, next to the
cup formed in the tallow, where the distillatory
process is carried on, is always blue—the centre
or middle part eontiguous to the wick is opake—
the exterior to the same height bright and lumi-
nous—as it is also to the top, immediately after
‘the candle is snuffed—but when the flame becomes
lengthened, and the top of the wick has a fungus-
like appearance, the apex will be of a reddish or
brownish colour.

Before the theory of the action of candles is
spoken of, it may perhaps not be considered al-
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together foreign to the subject of procuring arti-
ficial light should something further be mentioned
relative to combustion. By combustion is un- .
derstood the throwing out of fire from a body in
which it existed in a latent state, by which the
change of some other body is effected. Air con-
tains the largest quantity of fire, the oxygen
whereof being disposed to unite with many other
matters, most of the ordinary processes of com-
bustion are the result of its sudden union with
some other substance, in which case the fire which
was contained the air is disen-
gaged. With respect to coal, it has but a weak
attraction for oxygen tompared with some other
substances, or to speak in other words, its par-
ticles have a stronger attraction amongst them-
selves. In the ordinary process of exciting com-
mon fire, when a quantity of this material is heaped
together and fire introduced among it, by the ac-
tion of fire a part of it is first expanded from a
state of solidity into that of inflammable vapour;
it comes then necessarily into contact with the
pure air of the atmosphere, and the action of the
fire still continuing, the fire which the oxygen
contained is attracted from it, it unites with the
inflammable matter, and both are combined into
water, in the form of vapour or smoke. Hence
there cannot be combustion without a due supply
of oxygen; and therefore the common bellows, by
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‘bringing a greater supply of air causes a fire to
burn better. Flame is vapour in an ignited state,
and that part only of such vapour which is in con-
tact with the air can be inflamed. The flame of a
candle may be considered as a cone of fire, the
hollow part of which is vapour, and such hollow
part is not inflamed. It is precisely the same
case with that part of the matter emitted by a
candle when lighted which surrounds the wick,
which has before been adverted to, when speaking
of the flame exhibited at the mouths of furnaces—
when compared with the want of oxygen within,
which renders complete combustion there almost
impossible.
Having observed, in a preceding page, that
flame may be tinged of different colours, it may
here be noted that
“ Spirit of wine burns with a bluish flame.
¢ Sulphur burns with nearly the same tinge.
. ¢ Zinc burns with a bright greenish white flame.
¢ Preparations of copper, or of the substances
with which they are mixed, burn w1th a bright,
vivid, green flame.
:» ¢ Spirit of wine mixed with-common salt, when
set on fire, burns. with a very unpleasant effect, as
may be.experienced by observing the death-like
appearance of spectators illuminated by such
means.
« Spirit of wine and a little boracic acid, or
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nitrate of copper, stirred together and set fire to,
burns with a beautifully green fame.

s Spirit of wine, mixed with nitrate of stronm,
‘burns with 4 carmine red colour.

“ Muriate of lime tinges the flame of burning
spirit of wine of an orange colour*.”

Having spoken somewhat at length on the mode
of procuring artificial light, the next thing which
presents itself to notice is the theory of the action
of candles, lamps, &c. In proceeding to illus-
trate this theory, it may be observed, that when-
ever light is to be proeured for ordinary purposes,
the most ready means of obtaining it is by the
process of combustion. The most common me-
thod of obtaining light where science has not
pointed out the use of candles or of lamps, is by
burning masses of wood, or other matter, in their
solid state ; but, where improvements have gained
soms footing, artificial light for most general
purposes has till of late been obtained by the
use of Jamps or candles.

‘When lamps are used, it is necessary that the
combustible material should be such as will re-
main in a fluid state at the usual temperature of
the atmosphere. In the use of candles, the case
is different, for the matter of which they are
formed doea not hecome fluid but by a very com»
siderable application of heat.

* Vide Experiments, Parkes' Chemical Catechism.



" OF ARTIFICIAL LIGHT, &c. 9

Of whatever substance the imstrument for
yielding light .is composed, it is required to be
rendered volatile before flame can be produced ;
for this purpose, however, it is not necessary to
volatilize much of the matter at a time, a very
small portion of it will be sufficient to afford a
useful light. A candle or a lamp contains suoffi-
cient -combustible matter to last several hours.
Either is furnished with a wick, and, by its
action, the operation of generating light is ef-
fected. = . : ,
In using the lamp, the oil should be such as
will readily inflame, and the wick of sufficient
capacity to convey to the place of combustion, by
capillary attraction, such quantity of ail as by
admixture with the oxygen of the air will be
completely consumed. By this attraction, the
oil continually flows to the laboratory, where the
decomposing process is carried on.
~ On a candle being first hghted such a degnee
of heat is given to the;wick as is sufficient to melt
the tallow, which is formed into a kind of cup,
where it is decomposed. It is in this part that
the carburetted hydrogen gas and vapour are
mixed with the air, and yield a. bluish flame.
This, however, communicates so much heat to
the higher part of the gas evolved as .togive ita
yellowish tinge. As the tallow melts, and be-

~
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comes decomposed by the action of the wick, a
fresh supply continues to be given.

The upper part of the wick, which is- surrounded
by the flame becomes black, owing to part of the
carbon and hydrogen entering into its composition
having been acted upon by combustion, whilst
the wick itself is defended from the action of the
air by the flame surrounding it. That from this
circumstance it owes its protection there cannot
be a doubt, for when, by the consumption of the
tallow, the wick becomes too long ‘to support
itself in a vertical . position, the top. projects be-
yond the flame (which will invariably be the case
when it deviates from a perpendicular line,) it
will no sooner be exposed to the action of the
air than it will burn, and soon be converted to
ashes.

Part of the tallow which is volatilized is not
burnt, but passing through the centre of the
flame it is not acted upon by the oxygen of the
surrounding air, it passes off in smoke ; hence it
follows, when the wick and flame are large, there
is proportionately greater waste of combustible
material than when the wick and flame are small.
Indeed, when a candle is made with a wick of a
single thread, though it yields but a very small
flame, yet such flame is not only peculiarly
bright, but free from smoke; whilst, on the con-

’
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trary, in common lamps, where a very large
wick is used, the smoke is very considerable,
and tends to lessen the strength of light, which,
from the quantity of matter used, might naturally
be expected. As in the process of combustion of
candles, the fluid tallow is contained in the cup
formed at their top, it follows that.the thickness
of the wick is a circumstance requiring attention,
for, if the wick be not of sufficient capacity for
carrying off the fused material, as rapidly as it
becomes so0, it will run down the sides of them.
This inconvenience arising from the nature of the
material of which the candle may be formed, it
would appear that, as wax is not fusible at so low
a temperature as tallow, the wick of the latter
deseription of candle may be made much slighter
than that of the former. A candle, with a thick
wick, on being first lighted, and snuffed short,
yields a flame perfect and luminous, unless the
diameter of the wick be very great, in such case
the middle of the flame will be opake; for, as
has before been observed, for want. of a proper
supply of oxygen, the combustion cannot be
completely effected. But, when the wick be-
comes lengthened, the distance between its top
and the top of the flame given. out will be short-
ened ; and therefore the tallow which- is decom-
posed having a shorter distance of flame.to pass
through, is not entirely burnt, and that part
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which is not so, passes off in smoke. The wick,
if not snuffed, continues to lengthen, till, unable
to support the accumulation of soot which is
_ formed round the top of it, (and which arises

creases ; but then, as the wick is very thin in
comparison with that of a tallow candle, it
sooner falls from the middle of the flame, and the
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top becoming exposed to the air, is burnt off.
When the wick of a wax candle is in the centre of
the flame, it is not of sufficient magnitude to
cause the diameter of that flame to be so enlarged

as to prevent the air from having access to it.

It follows, from what has been observed, that
as wax is with difficulty fused, a large quantity
of it may be burnt by means of a very small
wick, which, of course, is pliant, and soen
becomes unable to support itsef in a vertical
positiorn. This position it no soemer loses than
the action of snuffing is performed by the method
just noticed with greater precision tham can be
done mechanically.

Taking into consideration what has been said
on the subject of wax and of tallow candles, it

- will appear that the making of the latter so as to

be equal to the former cannot be effected, unless
by some contrivance, tallow can be readered as
difficult of fusion as wax:—for the advantage
which & wax candle has over one of tallow arises
from wax requiring a higher temperature to fuse
it; consequently, the fusion is mot so rapid, amd
the cup formed by the action of the flame not'so
soon . idastroyed. . Fherefore, to render tallow,
when wsed fox generating light, eqaal to wax, ikt
must: either: be ‘budnt ‘m a lamp, so avoid the
melted material renning to waste ; the wick mast
be made of & mope pliant material than what i
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at present used; or otherwise the tallow itself,
by some chemical arrangement, must be made
less fusible. The attempting to make tallow-
candles equal to those of wax, in many points of
view, is deserving the attention of the manu-
facturer.

It is generally supposed by chemists, that the
difficult fusibility of wax is owing to the greater
proportion of oxygen which it contaiis. It is
intimated by Mr. Nicholson, in the quarto series
of the Philosophical Journal, volume I. page 70.,
that the spontaneous snuffing of candles made of
tallow, will hardly be effected, unless by some
material being discovered for. the wick, which,
whilst it is' of sufficient capacity to absorb the
tallow as it melts, will be flexible enough to bend
on one side, causing the top to verge through the
flame so as to allow the action of the air to play
upon it and burn it off. :

For ascertaining the illuminating powers of
candles, or other luminous substances, recourse
must be had to some ‘method different from ‘that of
examining the lights themselves, for.the organs.of
human vision are not fitted for such purpose. ' No
one could by only seeing: two orimore lights of
different inrténsities detérmine what proportion the
light from, one bore:ito;that which whseriittediby
the otlier.; Though from the:examination oflights
their intensities cannot be ascertained accarately;,

¢
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yet is the eye peculiarly adapted for judging of
the strength of shadows—so much so, that, by a
proper arrangement, the proportional quantities of
light emitted by two or more candles, lamps, or
gas lights, may be determined almost to mathenia-
tical exactness; and the comparative strength of
light emitted by a gas light, compared with what
is given out by one or more candlés of certain di-
mensions. ' Light always travels in straight lines,
and in every direction from the body yielding:it;
therefore, its strength must decrease in proportion
to the distance from the point of divergency.
Now, supposing two or more lights are placed at

such distances from an interposing object as to )
cause shadows of equal intensity to be cast upon
a wall behind it, by measuring the distance of each
light from its respective shadow, data is obtained
for ascertaining the illuminating power. of each.
Should it be stated that whatever light is emitted
from a candle, or other luminous body, remains
undiminished at all distances from that body, the
statement' may be ‘considered:correct..- We are
therefore to conclude, that whatever light falls
" upon any-body, ‘such light would have fallén upon
the place -occupied; by its shadow, had:it not
beén ‘there ;-and this position ‘may be established
by the following--methiod, 'which is taken from
Dri Smith’s Optits; book 1. art. 57. ' Let ithd
light, - (suppose-of a candlé,) which flows from a
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point A, plate I, fig. 1, and passes through a
square hkole B, he received upon a plare C,

parallel to the plane of the hole; or, let the

figure € be the shadow of the plane B; and when
the: distance € is double of B, the length and
breadth of the shadow C will be each deuble of
the length and breadth of the plane B; and
treble when AD is treble of AB; and s0 on;
which may be easily examined by the light of a
candle placed at A. Therefore, the surface of
the shadow C, at the distance AC double of AB,
is divisible imto- four aguares, and at a treble
distance into nime squares, each equal to the
square B, as represented in the figure. The

" light then which falls upon the plane B, being

suffered to pass to double that distance, will be
uniformly spread ever four times space, and,
congequently, will be four times thinmer in-every
part of that spdace ; at a treble distance, it will be
nine times thinner ; and at a quadruple distance,
sixteen times thinner than it was at first; and so
on, acvording to the increase of the square sur-
faces B, C, D, B, built upon the distances AB,
AC, AD; AE. Gensequeatly, the quantities of
this rarefied light, #eceived upon a surface of any
given size and shape whatever, removed success
sively to:these sevaral distances, will be but one-
fourth, one-ninth, one-sixteenth of ‘the whole
quantity received by it at the fisst distance AB.

h?mqi
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Or, in general words, the densities and quantities
of light, received upon any given plane, are
diminished in the same proportion, as the squares
of the distances of that plane from the luminous
body are increased: and, on the contrary, are
increased in the same proportion as these squares
are diminished. '
From what has been said, it follows, that as
the shadow of any body at twice the distance of
the surface from the point of illumination, will
occupy a space four times the area of the inter-
posing object, consequently, the strength of light
will decrease as the square of the distance is
increased. Therefore, by placing two lights in
such, situations as to throw shadows of equal
densities upon a wall, from some opake substance
placed between them and that wall, the intensity
of light afforded by each will be inversely as the
squares of their distances from the shadows.
When two lights of unequal illuminating powers
are so placed as to produce shadows contiguous to
.each other, from an opake interposing body, the
stronger light will yield the deepest shadow, and
the weaker light the faintest shadow. In making
experiments for ascertaining the intensities of
different illuminating bodies, it is necessary that
they should be so placed as to produce shadows
contiguous to each other, and of equal intensity.
When it is requived to compare the intensities
c
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of light produced by candles of different magni-
tudes, the process might be after the following
manner. Having fixed a sheet of white paper
upon the wall of your room, at a convenient
height, place a small fire-screen at the distance
of a few feet from it, the part which is to cast
the shadow upon the paper being raised to a
proper height for doing so. Then let one of your
assistants take the ecandle which yields the small-
est quantity of light, and proceed to such a
distance from the screen as may be convenient,
but so as to allow the shadow produced to fall
upon the paper. Next, let him who holds the
candle yielding the strongest light, proceed in
nearly the same direction from the screen as the
former, till the shadow from his candle falls
nearly upon the same place on the papet as that
produced by the weakest light. Should the
intensity of shadow from the strongest light be
greater thap that produced by the weaker, let
your second assistant increase his distance from
the interposing object, till the shadows from each
candle have: an equal blackness; this being done,
measure the distance of each light from the paper
.receiving their respective shadows; then say

-As the square of the dlstance of the weakest light

e -t

+So is the square of thendlstance of the strongest

>
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light from the shadow, to the proportion of
light it yields in comparison with the former.

But, by way of example, let us suppose, that
having proceeded on the plan already pointed out,
with two candles of different illuminating powers,
the distances of each from the shadows were
measured, the weaker light was found to be at
six feet distance, and the stronger at twelve from
the shadow, it is required to know what number
of candles of the least illuminating power, if
placed in the same situation as thé stronger,
would produce a shadow of equal intensity there-
with, and consequently yield the same quantity
of light.
The square of @ is equal to 36
12 to 144

Therefore,as36 : 1:: 144
1

36)144(4 the numberof candles neces-
144 sary to produce the same inten-
sity of light with the larger one.

This method may be adopted, whenever the
illuminating bodies are such as can be moved;
but, in some cases, a tnfling deviation from it
will be necessary. ~ Thus, when one of the bodies
emnitting light 'is stationary, as is the case with
gas-busmers, - in making thé experiment it will

c 2
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require but one candle to be used, which must be
moved backwards and forwards between the
interposing body and the burner, till the shadows
from each upon the paper are of equal intensity.
Then the distances from the gas-burner, and
from the candle to the shadow, are to be
measured and proceeded upon, as already di-
rected: _ ]

ExaMPLE.

Having adjusted a gas-burner to a flame of two
inches in height, and placed an opake object
between it and a sheet of white paper fixed to a
wall twelve feet distant from the burner, a mould
candle, of six to the pound, was introduced
between the burner and the body producing the
shadow, and moved backwards and forwards till
the shadows were of equal blackness; on their
being so, the candle was found by admeasure-
ment to be 4% feet from the shadow produced :
it is required to ascertain what number of such
candles would yield the same intensity of light as
the burner emitted.

The square of 4,9 = 24,01
12,0 = 144,00
Then,—as 24,01 : 1 : : 144 : 6 nearly,— .

the number of candles necessary to produce the
same intensity of light as given by the burner.
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From experiments conducted in this way, it
may be determined whether more or less light is
obtained by burning several small candles, or one
or more of greater dimensions, during a given
time, at the same expense; for, by such, the in-
tensity of light afforded by each is:ascertained,
and the quantity of matter consumed for obtain-
ing it is easily ascertainable. The same thing
holds good with respect to lamps or gas-burners.
It is easy to compare the illuminating power of
each, and to ascertain the relative cost of any
substance which may be employed for furnishing
light. It is almost needless to repeat that when
a candle and a gas light, at equal distances from
a wall, produce shadows of equal darkness, the
intensity of light afforded by each is equal. As
the great command of gas, by turning the stop-
cock supplying the burner more or less, is such
as to enable the operator to adjust the light to
that afforded by a well-snuffed tallow candle, he
will easily equallize the lights afforded from each,
and, weighing the candle before the experiment is
commenced, and again when it is ended, (the
- price per pound being known) he will ascertain
the cost of procuring light by such candle. The
quantity of gas consumed, as pointed out by the
index to the gas holder, will enable him to ascer-
tain the cost of procuring a similar light by the
use of gas. It must be observed, however, that
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before he can attempt to do so, he must inform
himself at what cost a specific number of ¢ubic
feet of gas is generated. :

. It has been determined, from experiments made
by Count Rumford for the purpose of ascertaining
the quantity of materials necessary to produce
a light of a certain intensity, for a given time,
that there must. be burnt by weight,

Of WaX v oveiiiiiiienneennnnn. 100 parts.
Oftallow .....covvvunvnnnnn.. 101 —
Of oil, in an Argand’s lamp...... 129 ——

Of an ill-snuffed tallow candle.... 229 ——

By several experimepts made on coal gas, it
" has been found, that about 20 cubic feet are re-
quired to produce light equal in duration and in
illuminating powers to a pound of tallow candles
(six to the pound), if set up and burnt out one
after another.

There has been occasion to state, in a former
part of this Treatise, that, though the light of
a candle is very brilliant when first snuffed,
yet the intensity of light very soon diminishes to
less than a half, and continues to do so till re-
duced to as low as one-sixth, This causes the
eye to feel uneasy, and induces us to apply the
snuffers : it follows, therefore, that if candles
could be so made as not to require snuffing, the
quantity of light afforded by them in a given time
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would be more than double what is emitted in
the ordinary process of burning them, when the
application of the snuffers is so frequently re-
quired. It is a very natural conclusion, that, as
by using candles which require snuffing, the in-
tensity of light is continually varying, either much
reading, writing, or working, by candle-light,
must be injurious to the eye; indeed, it is
fronr this circumstance, more than any other, that
it has been found so. 1If a lighted candle is so
placed as neither to require snuffing, nor to pro-
duce smoke, it may reasonably be supposed that
the whole of the matter consumed is converted to
the purpose of producing light; and that the in-
tensities of light afforded in a specific time, by
candles of various dimensions, must be in propor-
tionto-the quantity of matter consumed; or, in
other words, when candles made of the same ma-
terials are used, that which produces double the
quantity of light afforded by another, will, in the
same time, lose twice as much weight of matter.

For various experiments, made to prove the
- truth of what has been advanced, we are indebted
to Mr. Ezekiel Walker, who has stated them in
the fourth volume of Nicholson’s Journal, 8vo.
series, from whence the following table is ex-
tracted, but with a trifling alteration in its ar-
rangement :— '
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TABLE.
COLUMNS.
Iz l 2nd. 3rd i 4|.h I 5th | th I 7th l 8th l gth.
5 R v - a R I
= o . . - 5
s |8 |35zl 2 15Gd] 5 (Su, | B |5
8 S3%| 2 [CEs| § |geg| I |5
we| B, |88 = |8S%] 8 “B88 | « le&
cB| (8 |528% | a | %22 (w85 3 g
g 8% o §8a| 5 |233 | |82
RS HERE HE R LR
a k- ]
28| 5° 284 g |338] £ |2R# £ [3ce
' H. M.|oz. dr. Feet
1 14 851 10 |13 oo 15 1 7
o1 2] 13 |90 12
£ 3| 10 974 14 |3 ot 13| 147
P 4 8 (10,0 | 20
5| 6 |10,25 24
Mould 6 *13,0*““"‘ 3 oo 15| 1t |7
-] 1 | 55l0 -
5 3 dle'l;he number of can-g 521 1(5) : + g
Q to the pound, th )
&3 _|Mould length in mcb'g: and2_ 550 15 8
- 1 || the number of threads|3  0/0 153 1 8
:".':-:3 3 of cot:.on to each wick, 3 o1 P) 1§ | 8,75
& |Mould || ore.ed spainst EE;?’ o1 ol 118
corresponding number,
= 5 |[in the first experi-l3 Ol 5| 1,18 8,75
3 |Mould |jment. 3 ‘oft 1 ,80 8
= .

The experiments on which the above table is
founded, were performed nearly in the following
manner :—

Three candles, such as described in the 3d,
4th, and 5th columns of the table, first experi-
ment, against 1, 3, and mould, in the second
column, having been weighed, were lighted at the
same instant. At the end of the time expressed
in the sixth column, they were all extinguished,
and again weighed; the loss of weight of each
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tandle is noted in the seventh column. In this
way were all the experiments made, but as the
three first were performed under very favourable
circumstances, the results come nearer to the
truth than is required for useful practice. But,
in consequence of the great variability of light
emitted by No. 5, making it necessary to move it
very often, in order to keep the two shadows
equal, it was found necessary to put down the
mean distance from the wall by estimation.
However, as this was done before the candles
were weighed, the mind of the experimentor
could not be supposed under any influence of
partiality for a system. From this circumstance
of the distance of the candle, No. 5, from the
wall not being accurately ascertained, in making
the fourth experiment, it cannot be so much
depended upon as the three former ones. In
making these experiments, Mr. Walker adopted
a method for ascertaining the intensity of light
given out by each candle, somewhat similar to
what has been described at page 18 preceding.
His experiments were not all made at one time,
nor.is it to be understood that the mould candle
which was made the standard for comparing the
lights of the others by, gave the same strength of
light in every experiment. When the sign + is
placed against any candle, as it is in two in-
stances in the eighth column of the preceding
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Table, it is intended to convey.an idea that such
candle gave a stronger light than the others.

From the results of the experiments contained
in the foregoing Table, it appears to be esta-
blished, where combustion is complete, that the
quantities of light produced by tallow-candles are
in such proportion to each other as would be
expressed by multiplying the time that the candle
18 burnt, by the quantity of matter consumed.
Thus, in the first experiment,

- The candle, No. 1, burnt three hours, during

"~ which time 15 drams of tallow were con-
sumed. )

The candle, No. 3, burnt the same time, and
consumed 17} drams of tallow, and

The mould candle burnt the same time, and con-
sumed the same quantity of matter as the
candle, No. 1.

On examining the Table, it will be found, that
the strength of light afforded by the Mould and
No. 1 candle was equal, whilst that afforded
by the candle, No.3, was greater than either:
by calculation, to try how this agrees with
Mr. Walker's practice, let the weight of tallaw
consumed by each candle be reduced to half-
drams, and multiplied by the time of burning,
and the products will express the proportion of
light afforded by each in higher numbers. Thus,
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Candle, No. 1. ‘No. 3. Mould.
» @ »
3 3 3
% wm w

Here it is seen that the lights afforded by the
candles, No.1, and Mould, are equal between
themselves, whilst that from Noe. 3, is one-sixth
greater.

Should the law, which Mr. Walker has at-
tempted by experiment to establish, be admitted,
we have a standard given by which we may com-
pare the strength of various lights: for, if a small
mould candle be lighted, and so placed as neither
to produce smoke, nor require snuffing, it will
lose in three hours -an ounce of its weight. The
quantity of light so produced may be expressed
by unity. Should it, however, at any other time
lose more or less weight in three hours than an
ounce, the quantity of light it yields may be
ascertained, for, the quantity of light produced
in a given time (the combustion being perfect) is
always in a direct proportion to the quantity of
matter consumed.

From what has been said on the subject arise
the two following theorems :—
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TueoreMm I,

When the quantities of matter of two or more
bodies consumed are equal, and times of burning
the same, they will give equal quantities of light.

TaeoreEMm Il

When the times of burning two or more bodies
are equal, the quantities of light emitted by each
will be in direct proportion to the respective
weights of matter consumed.

COROLLARY.

" Therefore, it follows, as has been before ob-
served, that the light produced by any number
of bodies, used for the purpose of generating it,
is always in the compound ratio of the time of
burning, and weight of material burnt. :

Hence we are able to lay down the following’
rules for investigating these subjects :— '

Let

M represent the mould candle,
d its distance from the wall, . on which the
- shadows were compared,
m its quantity of matter consumed in a given time,
t express that time, and
Q the quantity of light emitted by A/ in the same
time.
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Let

C represent any other candle,

3 its distance from the wall,

¢ its quantity of matter consumed m a given time.

= that time, and

g the quantity of light emitted by C in the same
time. .

The intensities of light being directly as the
squares of the distances of the two candles from
the wall, we have ‘

As @ : Q :: ¥ :g, the quantity of light
emitted by C in the same time.

Then, supposing the quantities of light to be
in direct proportion to the quantities of matter
consumed in the time ¢, we have

Asm : Q :: ¢ : g, the quantity of light emitted
by C in that time.

Therefore a;"ﬁ:%, and the quantities of

light of M and C are in proportion to the quan-
tities of matter consumed by each in any specific
time.

To make this matter easy to every reader, I
shall subjoin the two following Rules for solvmg
questlons of this descnptlon —

PROPOSITION I

Given, the distance of one candle from the wall
where the strength of shadow is observed, the
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quantity of light emitted by the same in a given
time, and the distance of another candle throw-
ing a similar shadow on the same wall from it;
to find the quantity of light which will be pro-
duced by the latter in the same time as the former.

RuLE.

As the square of the first candle’s distance from
the wall, is to the quantity of light emitted -
thereby in a given time;

So is the square of the second candle’s distance
from the said wall, to the quantity of light
emitted by it in the same time

PROPOSITION IIL

The weight of one candle consumed in a given
time, the quantity of light emitted by the same,
and the weight of another candle consumed in a
like time, being given (the candles being so placed
as to throw shadows of equal intensity upon the
same wall,) to find the quantity of light which will
be produced by the latter in the same time as the
former.

L RuLk.

As the quantlty of matter consumed by one can-
dle in a given time, is o the quantxty of light
emitted thereby; :

So is the quantity of matter consumed by the
other in a like time, to the quantity . of hght
which is by it emitted.
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These rules may be used for comparing the
strength of light of candles of different sizes with
each other. They are capable, by transposition,
of producing various statings ; consequently, when
any three of the data are given, the fourth can be
found—and as they are so easily applied to prac-
tice, it is useless to take up further time in
explanation. ‘
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CHAPTER II.

On a Method for Increasing the Light afforded by Tallow
Candles, for obviating the Necessity of snuffing them, and

" for rendering them more fit Substitutes for Candles made
of Wazx.

IT hasbeen shewn by by Mr. Ezex1eL WALKER,
that if a trifling alteration be adopted in the man-
ner of using tallow candles, they will become very
excellent substitutes for candles made of wax.
The method which he proposes for obtaining so
desirable an end, is by placing the candle in such
a direction as to recline thirty degrees from a per-
pendicular:—for doing this, candlesticks may
easily be constructed, or they may be made to
hold the candle at any angle which may be de-
sired. A common candle of ten to the pound,
with a wick of fourteen single threads of fine
cotton so placed and lighted, réquires no snuffing;
and what is of more importance, it yields a light
nearly uniform in strength, and free from smoke.
The position of the candle when placed at an
angle of 30° from the perpendicular, is such as
will prevent the necessity of snuffing it—for when
it burns thus, the flame rises vertically from the
upper side of the wick, exposing the top of it pro-
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jecting beyond the flame to the action of the air.
If the candle is placed in front of the observer, so
that its inclindtion is towards his right hand, the
flame will appear to him in the form of an obtuse
angled triangle—the base of which will be the ek-
treme edge of fltame above the wick towards the
left—the shorter leg will be parallel to the wick
beneath it towards the right—and the longer leg
will be also towards the right, rising from the top
of the wick to the apex of the flame. It will be
evident that, under such an arrangement, the top
of the wick will project beyond the flame at the
obtuse angle: by its thus becoming exposed to
the oxygen of the air it will be burnt to ashes, and
thereby be rendered incapable of carrying off any
part of the matter submitted to combustion in the
form of smoke. By this mode of causing the
candle to snuff itself, that part of the wick which
is acted upon by the flame must necessarily re-
main of nearly the same length ; and if the wick is
uniformly twisted throughout, the flame Will Te-
main of the same strength and dimensions. This
can never be effected when candles are snuffed by
-an - instrament—for the light afforded by such is
-very fluctuating, and highly injurious to the eye
‘when, for any length of time, small objects are to
be viewed by its light. The wavering of the light
Ais an inconvenience which cannot be remediéd by
-using any shade; but when a candle is so placed
D
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;).s to snuff itself, the light is steady, and at the
same time so invariably bright that the eye feels
no pain or uneasiness in performing its office : —
when the light does not remain uniformly alike,
the eye requires such frequent adjustment as
cannot fail to be productive of both.,

The description of Candles on which Mr.
WaLkER made his experiments are exhibited in
the following

TABLE.
ot | e of oo msin | Mok b
the Candle, | Avoirdupois Weight.] Inches. ton in the Wick.
1 14 8,5 10
2 13 9, 12
3 10 9,74 14
4 10, 20
5 10, 25 24
Mould 6 " 13,

The candles No. 1, 2, and 3, when placed to
form an angle of thirty degrees with the perpen-
dicular, and lighted, do not require to be snuffed :
they afford nearly equal quantities of light, and
the process of combustion is carried on with such
great regularity, that no part of the matter sub-
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mitted theretd escapes unconsumed, unless from
accident.

The candle No. 4, placed at the above-men-
tioned angle and then lighted, requires no snuf-
fing—the light it affords is very little stronger
than that emitted by the candle No. 1. Its
colour is not so white, nor is the flame so steady.

The candle No. 5, placed at an angle of thirty
degrees and lighted, does not require snuffing;
its flame is rather fluctuant, nor so white as
that afforded by No. 4, and the quantity of light
it yields is not much greater than what is pro-
duced by No. 1. When the air in the room where
it is burnt is put into motion by the opening of a.
door, or other cause, the melted tallow will some-
times overflow the cup; but notwithstanding this
inconvenience, by placing it in an inclined position
its light is much improved.

If the mould candle: be treated in the same
manner, it affords a very pure and uniform flame,
void of smoke and not requiring snuffing. Its in-
tensity of light is nearly equal to that afforded by
No. 1.

There has not been a sufficient number of ex-
periments made to determine with accuracy,
whether a candle of given dimensions placed ver-
tically or reclining from the perpendicular, affords
the most light at the least expense; but, those
which have been made prove, almost to demon-

D2
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stration, that the quantity of light is in direct
proportion with the quantity of combustible matter
consumed. Therefore, a candle placed in an in-
clining position must of necessity give a greater
proportion of light than one of the same size
placed vertically, and for this reason:—When a
candle is so placed as neither to require snuffing,
nor to allow any part of the combustible matter to
pass off in smoke, no part of it is lost; but when
it is placed perpendicularly, the light is ever
varying—it is sometimes clouded with smoke, and
that part of it which is snuffed is thrown away.
The loss arising from imperfect combustion, which
happens whenever candles are burnt in the ordi-
nary way, is not the only inconvenience attending
such mode of using them, and which the method
proposed by Mr. WALKER is free from,—the light
given on account of its variableness cannot but be
bad. Between the times of snuffing a candle, its
strength of light seldom remains equal for a mi-
nute together. The variation which takes place
in the height of the flame of a candle when burnt
vertically, is another inconvenience; sometimes
the flame is more than three inches high, again it is
barely two—and according as the wick lengthens,
so does the flame, till it has increased to such
length as will not allow the melted tallow to be
consumed, which is consequently carried off in
. smoke; thus lessening the light, wasting the
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combustible material, and rendering the eye
uneasy. ' '

The great variability in the strength of light
afforded by candles when used so as to require
snuffing has been noticed on a former occasion—
and it is to this, Mr. WaALKER observes, and not
to the nature of candle-light itself, that we are to
attribute the injury sustained by the eye of the
student and the artist. The injury may easily be
prevented by using two small candles placed in
such a position as not to require snuffing, instead
of one large one used vertically where the snuﬁ'ers
would be required. -

" In the Monthly Magazine for 1805, page 206,
are some observations relative to this subject,
from whence the following is ¢opied :—

“ It.is scarcely necessary to observe, that the
combustion of candles proceeds the quicker in
proportion as the inclination is greater. From
the experiments which I have made, I should con-
sider an angle of forty degrees with the perpen-
dicular as the maximum of inclination, beyond
which several considerable inconveniences would
occur; and I should take twenty-five' degrees as
the minimum of . inclination, -léss- than which does
not sufficiently expose the pomt of the wick to the
action of the air. | )

“ By those- .who are much in the hablt of reade
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ing or writing by candle-light, it will also be
esteemed no inconsiderable addition to the ad-
vantages already mentioned, that the trouble of
seeking and applying the snuffers is superseded.
A candle of common size requires the application
of the snuffers forty-five times during its complete
consumption.

“ But I found an obstacle to the adoption of
Mr. WaLker’s plan, which, from the inclined
position of the candle, it did not immediately
occur to me by what means to counteract. Any
agitation of the air of the room, occasioned either
by the opening or shutting of a door, or by the
quick passage of a person near the candle, caused
the melted tallow to run over, or, in more familiar
language, caused the candle to gutter; which,
with the candle in this position, became an insu-
perable bar to the use of it.

“ For the prevention of this inconvenience, I
have had a wire skeleton-shade adapted to a rod
bearing the same inclination as the candle, and
which at the bottom joins the candlestick in an
horizontal line of about two inches, terminating in a
nozzle fitting that of the candlestick. The dis-
tance of this rod from the candlestick, or, which
is the same thing, the length of the foot or hori-
zontal line, is of course to be determined by the
distance between the two circles which form the
upper and lower apertures of the shade. It may
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serve, perhaps, more familiarly to describe this
part of the apparatus, to state that it bears per-
fect resemblance to the two first strokes of the
written figure 4; and the third stroke, if carried
up as high as the first, and made sloping instead
of upright, will very well represent the situation
of the candle.

“ When a strong light, for the purposes of
reading or writing, is required, white silk or
paper may be used, as is common, over the ske-
leton ; but when it is required that the light should
be dispersed over a room, a glass of a similar
shape may be adopted, for the purpose of pre-
venting the flame from being influenced by any
agitation of the air of the room. If the upper
circle of the shade be four inches in diameter, the
apex of the flame will be within it during more
than half the time of the complete consumption
of the candle ; the shade will not, therefore, re-
quire adjusting for the purpose of preventing
injury to the silk, or whatever else may be used
over the skeleton, more than once during that
time. .

‘ Being myself much averse to the interruptions
which a candle used in a.vertical position occa-
sions, and which, though short, may under some,
circumstanees be highly vexatious, I wish to ex-
tend to others a benefit which I prize rathep -
highly.” : ,
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In the Repository of Arts, Vol.1. page 86,
Lorp StanHOPE published an account of a me-
thod of manufacturing candles, which his Lord-
ship représenfed to be superior to that usually
. employed. The process depends upon the follow-
ing principles :

First: When the candle is of wax, or sper-
maceti, the wick is to contain but three-fourths
of the usual number of cotton threads; when of
tallow,’ but two-thirds.

‘Becondly: The wick must in all cases be per-
fectly free from moisture, a circumstance but
little noticed by the manufacturers of candles in
general.

Thirdly : The wick of wax candles must be
deprived of all the air which is entangled in its
fibres, which may be done by boiling it in melted
wax, till neither air-bubbles nor froth appears on
its surface.

By attending to the principles, as above stated,
- in the manufacturing of candles, it will be found
that three candles of any size will last as long as
four of the same size made by the common
methad. - The light they afford is better and
steadier, and whether made of wax, spermapetl,
or tallow, do not require so often snuffing. They-
flame less, and are therefore better for most uses
than ¢andles made-in the common way. The
observations which follow will assist such as may



" INCREASING L1GHT, 4c. 41

be desirous of trying the candles made on the
plan suggested by Lord Stanhope, in ascertain- -
ing the merits of his improvements. With them
are given ‘the results of some experiments rela-
tive to the expense of burning oil in lamps with
wicks of eight and of four threads of cotton.

" A taper-lamp, fitted with a wick of eight threads
of cotton, will consume in one hour O, 50775 oZ.
of' spermacet1 oil.

s do
(5 O per gallon is 11,25 farthmgs
The expense of burn- | 6 0 18,50
g such lamp 12 7 0 15,75
hours, when the oil | 8 0 18,00
is at 90 20,25
« (10 0 22,50

This lamp, trimmed with a wick as above
specified, yields a light equal to the candle,
No. 3, described in the Table at page 24. It
requires snuffing but seldom, and casts a steady
and strong light. .

A chamber lamp, with a wick of four ordinary
threads of cotton, consumes in an hour 0,22283
oz. spermaceti oil.

s d.
5.0 per gallon is 5,013 farthings.
60 6,016
The expense of burn- 70 7’01 9
ing it 12 hours,\ o o 8.022
g ® 2
when the oil is at 90 0,025

10 0 10,028
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Note :—One pint and a quarter of whale oil,
when used for the purpose of generating light, by
means of a lamp, is found to be equal in illumi-
nating power to a pound of tallow candles, eight
to the pound, set up and burnt out one after
another. :

To enable the reader to determine the real and
comparative expense of burning candles of dif-
ferent kinds, and of various sizes, a series of
experiments have been made, which are exhibited
in the following Table. In it, the description of
wick, the number of candles to the pound, the
weight of one candle with its durability, and,
from thence, the time that one pound of such
candles will last, are shewn; from thence, the
expense of burning each kind for 12 hours, ata
specific price. The time that one candle lasted,
as therein expressed, is the average of several
experiments made for the purpose of ascertaining
‘the fact. :
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TABLE.

'Expeuse of burnin,

Length candles of each d

- scription 12 hours
Descrip- [Number of] Weight | of time | Time | when at 10s. per
dozen, in farthings,)
+ tion of | candles to| of one fone can thata | and 100th parts,
which shews tl

wick, |the pound. | candle. | dle will | pound | proportional ex-
. peuse when they
burn, |will last] are at any other

price.
oz.| dr. JH.|M. | H. | M.

Small 18,28 | Oj14 | 3 8,078

wick. | [ 18,96 | O[13%] 2 9,495

16,51 | o153} 2 10,909

12,04 | 1| 53] 3 11,557

10,66 | 11 8]13. 12,511

D |{ 76| 1] 14,907

* 800 | 204 14,118
5,68 | 213 L 5 15,894 3

Mould - can|dles| at J12s.

: 5,82 A12 ) 7 18,502
Waxed 4,00 9 15011 |

e 3,09 |' 5 2317 10,654

The suggestions of Dr. Franklin, relative to a
greater proportion of light being obtained by
using two candles in such a position as allows
the flames to touch each other, than when they
are burnt separately, has been proved by many
experiments to extend to the flames of gas lights.
These, when combined, yield a much stronger
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light than they would afford if used in a separate
state. 'Whenever flames for producing light are
placed near to each other, the consequences
ensuing are always most beneficial, inasmuch as
thereby the heat of the flames are preserved ;
for, they act in mutual defence against the cool-
ing influence of the surrounding air. This prin-
ciple Suggested the construction of the Liverpool
lamp, which acts by flat wicks placed so as to
exhibit, when lighted, a cylinder of flame. From
¥ unquestionably arosc the idea of the Argand
Burner used by the different gas.light establish-
ments.  Ag the illuminating power of the Liver-
pool lamp is supérior in its effect, and, at the
Same  time mgre economical than any other, so,
Much greater advantages arise from burning gas
Upon a simjl,y principle. By its use, the junction

Y flames is effected, without any fear of a

Of man
lps.ss of light from its not being exhibited in a

t;lnn Surface ; for, as one flame is perfectly trans.

Barent to that of another,. there cannot arise ar
aPPrehension of the strength of light afforded by
2 burner o 4 lamp being diminished on accoun
of the flapgeg being by each other covered.

L
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CHAPTER IIL

On the Natural History of Coal and its component Parts,
as ascertained by Analysis.

COAL, or pit-cdal, as it is called in mineralogy,
is a solid inflammable substance, somewhat
shining, dry and light, compared with the strata
in which it is found. In this country it is very
abundant, and may be considered almost inex-
haustible. It is peculiarly adapted for domestic
purposes, as well as various uses in the arts. It
is found chiefly in the countries lying nearly in
the same latitude with Great Britain. It is like-
wise said to be found in the northern parts of
China. In the southern hemisphere, it is stated
to be very abundant in New Holland; but we
have no distinct account of coal in the continent
of Africa. Of this substance, there are

1. Jet.

This substance is found in France, Spaiq,, Ger-
many, Britain, and other countries, in detached
kidney-form masses of various sizes, from an inch
to seven or eight feet in length. The colour is a
deep black; internal, glossy, opaque; not so
brittle as asphaltum; texture striated; fracture
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conchoidal ; specific gravity 1,259.- It has no
smell, except when heated, and then it resembles
asphaltum in its odour. It melts in a strong heat,
burns with a greenish flame, and leaves an earthy
residuum. It becomes electric by friction, and
when distilled, yields a peculiar acid.

2. Cannel Coal.

Cannel coal is found in Lancashire, and in dif-
ferent parts of Scotland. It is of a bright black
colour, opaque, structure sometimes slaty; tex-
ture compact; it breaks easily in all directions,
and if broken tranversely, presents a smooth
conchoidal surface. It burns with a lively flame,
like a candle, as its name implies, but is very
apt in burning to throw splinters to a great dis-
tance: itis said, however, to be deprived of this
property by being immersed in water for some
hours previous to being used. In the coal field
at Wigan, there is a stratum of this coal unmixed,
nearly four feet in thickness. Cannel coal is
susceptible of polish, and, like jet, is often
wrought into trinkets.

A specimen of Lancashire cannel coal, analyzed
by Mr. Kirwan, contained

75,20 charcoal.
21,68 maltha.
3,10 alumine and silica.

99,98
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A specimen of the slaty kind, from Ayrshlre,
called splent coal, was composed of

47,62 charcoal.
32,52 maltha.
20,00 earths.

100,14

The specific gravity of cannel coal is from 1,232
to 1,426. This coal does not stain the fingers.

3. Common Coal.

This very useful combustible is never found in
the primitive mountains, but only in the secondary
mountains, or in plains formed of the same ma-
terials with them. It is always in strata, and
generally alternates with clay, sandstone, or
limestone. The colour is black, more or less
perfect, lustre usually greasy or metallic, opaque,
structure generally slaty, texture often foliated,
fracture various, specific gravity 1,25 to 1,37,
usually stains the fingers, takes fire more slowly,
and burns longer than cannel coal, bakes more
or less during combustion.

Of this specxes there are many vanetles, dis-
tinguished in Britain by the names of caking
coal, rock coal, &c.

“Mr. Kirwan analyzed a variety of different
kinds of coal. The results of some of his expe-
riments are exhibited in the following
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TABLE.

White- | New-

haven. | castle. Wigan. |Swansea. | Leitrim.

57.. | 58, 61,73| 73,58| 71,43| Charcoal.
41,3 | 40, 36,7 | 23,14| 23,37| Maltha& Asphalt.
1,7 2 1,57| 3,33| 5,20| Earths.

100,0 | 100 |1oo,oo 100,00 | 100,00

4. Spurious Coal.

This species is generally found amidst strata
of genuine coal. It is also called parrot-coal in
Scotland. The colour is greyish black. Struc-

- ture usually slaty, texture earthy, specific gravity
1,5 to 1,6 ; generally explodes and bursts when
heated. It is composed of charcoal, maltha, and
asphalt., and above ,20 of stony matter.

5. Anthracite.

This substance, as Dolomieu informs us, is
found exclusively in the primitive mountains. It
is commonly amorphous, sometimes crystallized in
short hexagonal prisms, colour black or brownish
black, structure slaty, fragments rhomboidal,
specific gravity 1,3; often stains the fingers.
This species burns precisely like the spurious

* Earth and metallic matter and sulphur.
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coal, leaving ,40 of white ashes. According to
Dolomieu, it is composed of about

64,0 charcoal

32,5 silica

3,5 iron

D —

100,0

6. Kilkenny Coal.

This mineral has been found in Hungary, Italy,
France, Ireland, and Wales. It occurs in strati~
fied masses, or in lumps nested in clay. The co.
lour is black. Opaque. Texture foliated. Specific
gravity 1,4 to 1,526. Often stains the fingers. In-
soluble in acids. Deflagrates with nitre. Does
not burn till wholly ignited, and then consumes
slowly without emitting flame or smoke. It con-
sists almost entirely of charcoal and sulphur; the
latter is in a very large proportion, which sends
out while burning a suffocating effluvia. It does
not produce any soot, but whitens the places
‘where the fumes are condensed.

7. Culm Coal.

". This species of coal has nearly the same ap-

pearance as that of common coal, but its texture

is more dull. In Sweden it is considered a dis-

tinct species: but, what is commonly called culm

in England, is the refuse or dust produced by
E
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working the different kinds of coal. It will not
kindle except in furnaces where there is a great
draught of air. It is not subject to the high duty
laid upon other kinds of coal.

8. Sulphureous Coal.

This is a dull and heavy species of coal—it
contains a very considerable portion of pyrites,
and produces a great quantity of ashes. There is
a great danger in working this coal, for if any con-
siderable quantity is left together, it generates
heat, and will set the mine on fire.—Specific

gravity 1,5.
9. Bovey Coal.

This coal consists of wood penetrated with pe-
troleum or bitumen, and combinations of sulphuric
acid. It is found in many parts of the continent,
but is most abundant in England at Bovey, near
Exeter, from which it derives its name.

The foregoing are the kinds of coal commonly
known ; but the different qualities and proportions
of their ingredients make a number of other va-
rieties used for different purposes. Thus, various
kinds of coals are often found mixed with one
another under ground, and some of the finer sorts
run like veins between those of a coarse kind. On
subjecting pit-coal of any kind to distillation, it
first yields a watery liquor, then a volatile oil,
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afterwards a volatile alkali, and lastly, a thick oil;
but it is remarkable, that, by rectifying this last
oil, a transparent and light oil is produced, which,
being exposed to the air, becomes black like ani-
mal oils. From this and other observations it is
generally supposed, that coals derive their origin
from vegetables buried in the earth. ¢ The
amazing irregularities, gaps, and breaks,” says
M. MaGELLAN, “ of the strata of coals, and of
other fosgil substunces, evince that this globe has
undergone the most violent convulsions, by which
its parts have beeén broken, detached, and over:
turned, in different ways, burying large tracts of
their upper surfaces, with all the animal and ve-
getable productions there existing. And itis easy
to be conceived, that the various heaps and con-
geries of these vegetable and animal substances,
remaining for ages and ages in the bowels of the
earth, have obtained various consistencies, and
still produce those oily and bituminous juices
which find way to gush out, leaving behind their
thiokest parts on the same places where they are
found, and in many others where the industry of
mankind will never be able to penetrate.” The
most diligent investigation must fail in predu-
cing any certain conclusions on the subject; for,
in pursuing our inquiries, we meet with diffi-
culties which appear to be insurmountable. It is,
however, a,singular fact, that remains of species
E2
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of plants are found in the coal mines of Great
Britain, which now exist only in the equatorial
regions.

Although it is in some measure digressing from
the subject, it may not be considered uninterest-
ing to the reader, should something be said on the
theory of the earth and of stratifications, the coal
strata forming one amongst the various mineral
productions, which to account for is found so
difficult by theorists. Theories have been various,
and some excessively wild; yet, amongst such as -
have some shew of reason on their side, it is diffi-
cult to subscribe to one bearing such striking
marks of truth as to leave full conviction of a su-
perior claim to notice.

The mind of man, though exceedingly capacious,
and enlarged by experimental research, when en-
gaged in theoretic speculations, which are above
human reason, becomes bewildered. Thus the
theorist fixes his attention upon what appears to
him plausible—argues himself into a belief of its
merits, and then sits down to endeavour to con-
vince the world that his theory is true. We are
completely lost amidst the contradictory state-
ments that have arisen upon this important sub-
ject. Some of these theories we shall here
briefly notice.
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Burnet's Theory.

The object of this theorist was so to account for
the formation of systems, that the opinions he ad-
vanced might be in consonance with Scripture;
consequently, in no part of his work are argu-
ments to be found which can in any wise militate
against the work of creation being effected by an
almighty Being. The earth, in its original state,
he supposed to have been in form spherical—its
surface smooth, the exterior forming a solid in-
crustation over a fluid interior mass. In short,
except as to shape, according to this theory, the
earth would in point of construction bear great
similarity to an egg,—and it is very well known
that amongst the most venerable ancients an egg
was the solemn and remarkable symbol of the
world, and thyt nothing was more celebrated in
the most early authors than the original *2os "0gpixor,
which it is most reasonable to suppose was refer-
red to the entire and internal constitution of the
earth. He supposes the surface to have been de-
void of irregularities, and accounts for those which
now exist as arising from the general deluge.
According to his theory, the flood was occasioned
by the rays of the sun penetrating through
the surface of the earth, and so heating the in-
terior waters as to cause a considerable expansion
thereof, by which the incrustation was broken,
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and the water rushing forth in vast torrents
formed the different seas. In doing this, it na-

genius will soar ; but, whilst we are so doing, we
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ward differs from Burnet on the subject of the
smoothness of the earth’s surface prior to the
general deluge. Burnet ascribes the origin of
rivers to watery condensations in the polar re-
gions. Dr. Woodward attempts to prove that
rivers could have no existence were the earth
void of mountains.

M. de Buffor’s Theory.

The reasonable suppositions and the moderation
with which they were advanced by the theorists
already mentioned, were such as could not fail to
claim some attention; but M. de Buffon’s theory
so abounds with improbabilities, that we can
hardly give him credit for any thing beyond
having given the utmost limits to his imagination.
He supposes that about 75,000 years ago a comet
in performing its revolution struck against the sun;
by the violence of the shock a considerable por-
tion of the sun was broken off and carried into the
regions of space. On such event occurring, the
part se disunited was in a red-hot liquid state—
it separated, and was formed into the various
planets. By this theory it does not appear that
the earth could become cool in less than about
22,000 years—condensation of water did net com-
mence till the end of 25,000 years, and to com-
plete this process it required .a lapse of ¥0,000
more.~-After this condensation was accomplished,
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he allows the creation of shell-fish and the forma-
tion of the various strata of the earth in the besom
of the waters. Another period of 15,000 years he
considers to have been necessary should elapse
before the waters receded—that when such event
took place, the valleys were occasioned by dif-
ferent currents, which carried on a regular system
of calcareous formations, and formed the beds of
alluvium.

“ Alluvium,” says Mr. Phillips, in his Qutline of
the Geology of England and Wales, < occasionally
‘¢ covers the more elevated tracts in this country,.
“ but oftener rests upon their sides, and still more
¢ frequently forms the surface of low lands, some-
¢ times to such a depth as hides from observation
¢« the nature of the stratum on which it is de-
¢« posited. It occurs beneath the vegetable soil,
< and consists of the ruin of the neighbouring
“ rocks, or even of distant strata, fragments of
« which are often enclosed in the gravel, or sand,
¢ or loam, or mud, or silt, of which the deposition
« consists. Some of them enclose the bones of
¢ animals, not in a mineralized state, and occa-
« gionally shells, of which it is remarkable that
¢« some have been found more nearly approaching
« those now existing in the sea, than such as oc-
“ cur even in the newest of the regular strata.
« The name of this deposite is descriptive of its
« undoubted origin; alluvies, in the Latin, signi-
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-
-

fies a land-flood. This term, however, might
“ seem to confine the cause that has produced
“ ruin of so great extent to ancient agency of
“ almost universal floods: but it is certain that
“ there exist accumulations of some of the sub-
* gtances already named, which are not of an-
“ cient date, but that result from causes even
“ now operating. Such are the consequences of
“ mountain-torrents and rivers. These, carrying
‘- down the portions of rocks, detached by the
“ action of the atmosphere, or of water, some-
“ times leave accumulations of detritus, which
“ tend materially to alter the features of a coun-
“ try; and, by reasoning on the smaller opera-
‘ tions of nature we are sometimes enabled to
« form an estimate of those which are on a larger
“ scale.” :

But, to return. to A1. de Buffon’s theory.—The
creation of man he fixes about 6,000 years back,
and accounts for animals having existed, by sup-
posing a number of living atoms, capable of pro-
ducing new species, and perpetuating those al-
ready existing.
‘ ) Kirwan's Theory. ‘
-, The. opinion advanced by Mr. Kirwan on the
subject of the production:of the different moun-
tains and.rocks, whether stratified or not strati-
fied with valleys, &c., supposes, that, originally,
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the globe, to a certain extent, was liquid; and
that, in consequence, when its upper menstruum
was in a state of solution, the revolution of the
earth upon its axis produced them. '

Dr. Hutton’s Theory.

As to the manner in which the earth and seawere
originally produced, Dr, Hutton does not seem to
give any explanation ; but the formation of hills and
valleys he ascribes to the continued operation of
rivers and currents in general. These, carrying
along with them the soil, over and through which
they pass, ultimately lodge it in the ocean: there
it accumulates to a prodigious extent, and, by the
action of subterraneous fire, becomes consoli-
dated: and are we not daily presented with
various instances to prove how the water acts
upon the soil it passes through? It makes en-
croachments upon one coast whilst it conveys soil
towards another. Considering, therefore, that
the revolution of the earth upon its axis is per-
petual, and what effects may be produced by
immense bodies of water continually rolling back-
wards and forwards between the poles and the
equator, we need not be surprised if extended
periods of time produce great changes in the ap-
pearance of the earth, and considerable alterations
in the structure of mountains, of rocks, and also
of stratification in general.
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In support of this theory, we might bring, as
an argument, that the alluvial formations are, in
many parts, constituted of different materials: that
some spaces are hard, calcareous, and rounded,
whilst others are in an original state of roughness:
others, being in some sort rounded, are partly de-
prived of their sharpened edges, as if they had
been brought from such distances as were inferior
to that from whence was brought the rounded
pebble.

In addition to the theories already noticed,
there are others by Bertrand, Humboldt, Werner,
Saussure, Cuvier and Bakewell. In Thomson’s
Annals are some very interesting papers, written
by Mr. J. B. Longmire, on formations and their
different pheenomena. This gentleman classifies
the primitive formations under new names, ac-
cordingly as they are stratified or not stratified ;
the latter he calls “ concrete,” the former of pri-
mary formation, ‘“ concrete, earth, stome, or by
such other name as is significant of the matter of
which they arg formed.

Cuvier's Theory.

This eminent naturalist very fully examines the
organic system of nature, and ascribes the differ-
ent formatians of the earth to the joint operations
of fire and water. He is clearly of opinion that
the whole of what is described by those who
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ad Opt the Wernerian syst;m, as secondary forma-
tiomns, hag been formed since the creation of fishes
amnd animals, and the primitive rocks were formed
before animals were created. According to .the
Sy stem just alluded to, when primitive formations
Aaxe spoken of, we are to understand. such as are
devoid of organic remains, or marine impressions :
these are to be considered as having been formed
amntecedent to the secondary, which bear evident
xnxarks of organic remains, marine impressions, and
v egetable matter. In support of his theory, he
£ tates that the primitive rocks bear no marks of or-
£ anic remains, and have no impressions of shell-ﬁsh
in their strata, and the oblique direction in which
they pass beneath such rocks as are of seconda?ry
formation. The manner in which thaws and rains
operate in forming new alluvial matter, he ex-
‘plains, and also, when their action is joined with
that of rivers, how, in process of time, the forms
of rocks, coasts, and valleys, are changed.
¢ The ground of this theory,” says Mr. Holmes,
in his Treatise on the Coal Mines of Durham and
Northumberland, page 65, &c.,  appears to be
¢ more generally supported than any other, and
“ at once opens to the imagination a striking and
wonderful sublimity in the plans of nature. If
we contemplate the slow, though progressive,
revolution of systems; if we unite with them the
frequent and extraordinary effects of volcanic
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eruption, the mind is lost in its ideas of an ori-
ginal creation, and calculates in vain to discover
the embryo of nature.

“ We can only depend, however, upon our own
powers of judgment, and the additional means
of evidence which are furnished us for the re-
conciliation of these theories to our individual
suppositions.

“ It appears most probable that the different
strata have been formed by the mutual co-
operation (under various circumstances) of de-
composition in the internal laboratory of nature
and velcanic eruptions ; that subterraneous fires
forced a passage through the superincumbent
strata, and created a series of formations by
the lava, which, descending from the crater, or
mouth of the volcano, formed into pyramidical
lamina. Supposing these eruptions to have been
periodical, depositions of alluvial matter, which,
in some cases, might, by compression, become
concrete and consolidated, would take place,
and produce alternations of soil and strata.

« It is observed in many mountains, particu-
larly the Brocken mountain, in Hartz Forest,
Lower Saxony, that the bed which forms the
base of the strata in the surrounding valley, is,
at the summit, the uppermost stratum. This
is supposed to be occasioned by a subter-
raneous, matter intensely acted upon by heat,



62 ON THE NATURAL

1]

€€

¢

({3

¢

[

s¢

€

€

13

(19

(3

€

€6

€<

$¢

€<

({4

¢

€€

<€

<<

€

€6

€<

“”

€6

«

having forced its way through the several strata
when in a liquid or tangible shape, and thus
caused the elevation of the lower stratum, and
rent the upper ones asunder. This will be
better understood by laying four or five elastic
planes, one upon another, fastened down at
each end, and then force a conic substance un-
derneath up the centre, until the point breaks
through or penetrates the whole of the planes.
“ Is it not, however, equally probable that an
eruptive mass might, for a time, accumulate it-
self into a conical mountain ; that, by becoming
cool, it would concrete until its central region
was again dissolved by heat, and emitted fresh
eruptions of lava, forming new layers round
the original cone, and so, by alternate cessations
and eruptions, produce many and different sub-
stances ? This is the more probable from the
extremities being thinner and more shattery
than almost any other part. These alternating
strata have, in general, the remains of shell-fish
imbedded in them, from whence is deduced an
idea of their having been originally horizontal ;
but, according to the theories of Burnet, De-
scartes, and Demaillet, these materials might
have been deposited during the earth’s im-
mersion in water; so that what would be con-
tradictory in one theory, is reconciled by an-
other.
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“ But, as it is not my intention, or the object of
this work, to expatiate fully upon the origin of
rocks and minerals, I hope the explanation of
such parts as relate to coal will be found satis-
factory, according to the information we have
upon the subject.

“ Whatever were the original causes of the
stratifications within the earth, it is certain that
they possess an astonishing resource of different
minerals and fossils, in which the researches of
chemists and mineralogists are daily discovering’
some new principle,—some new cause for ad-
miring the wonderful works of a great and be-
neficent Creator.

¢ These valuable productions of nature, gradu-
ally drew the attention of mankind to explore
the inner regions of the earth, and accelerated
the progress of mining to its present state.”"
Having spoken somewhat at length on the com-

ponent parts of coal, as well as on various theories
of stratification, perhaps, by dividing the different
kinds of pit-coal into fewer classes than those
already noticed, the classification will be simpli-
fied and rendered more familiar to the reader.
Pit-coal may be divided into three classes, accord-
ing to the proportions of the component parts.

-
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Coals of the First Class.

Such coals, as are chiefly composed of bitumen,
are to be consndered as belonging to the first
class.

Second Class of Coals.

Those which contain a lesser proportion of
bitumen and more charcoal, comprehend the va-
rieties of the second class.

Third Class of Coals.

The third class are such as contain very little
bitumen, but are chiefly composed of charcoal
chemically combined with different earths.

Remarks upon Coals of the First Class.

Those coals which come under the first class,
light without difficulty, burn with a bright and
yellowish white blaze during the whole process of
combustion. They do not cake nor require stir-
ring ; neither do they produce cinders, but are re-
duced to white ashes. Coals of this class are apt
to throw out splinters whilst burning ; but, as has
been before observed, that may, in a great measure,
be obviated by wetting them prior to their being
used. At the head of this class is to be placed
cannel-coal. Those of Lancashire, and such as
are obtained on the western coast of this island
also belong to it. It sometimes occurs in the
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coal-pits of Durham and Northumberland. Most
of the varieties of Scotch coal may also be con-
sidéred as forming part of it, and more particularly
the splent, which is an inferior kind of cannel-coal.

Although this class of coal generally produces
gas in considerable quantity, it is doubtful whe-
ther it be worthy of the gas-light manufacturer’s
notice, and particularly in. London ; for, when it
is submitted to distillation, there is no.product
of coke, as in coals of the second class; aed,
what is worse, the gas evolved. is of so much
greater specific gravity that, unless the gas-holder
be worked at an extremely light pressure, it will
be highly offensive in the houses where it is cen-
sumed. . It is not so easily purified as the gas
procured from Bewicke and Crastors Wallsend
coal, nor is it so beneficial: .

Some of the varieties of this class are, the Hart-
leys, Wylam, Tanfield Moor, Eighton Main,
Cowpers Main, Blythe, and Pontops. Of these,
Hartleys and Wylam are well adapted for heating
retorts,—the latter in particular. Tanfield Moor,
though generating a very large proportion of heat,
is not so; it is so very subject to clinker, and to
destroy the grate-bars, as well as the retorts and
fire-work, as to render it very unfit for such

purpose.
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Remarks uj)on Coals of the Second Class.

Coals of the second class do not burn with so
bright a flame as the former. The flame of these
coals is of a yellowish tinge. After laying some
time on the fire they become soft and swell : they
then cake and produce tubercles, from whence
issue small jets of flame. When coals of this kind
are burnt in an open grate, the passage of the

air thiough them is prevented by the top of the
fire caking and closely adhering. The consequence
which follows is this; the lower part of the coal
contained in the grate is consumed and leaves a
hollow, whence, if the upper part were not oc-
casionally broken, the fire would go out. These
coals produce a smaller proportion of ashes than
coals of the first class. They are of a greyish or red-
dish colour, according to the quality of the earthy
part of which the coal may be constituted. They
produce  hard grey cinders, which, being burnt
over again with fresh coals, produce a very strong
heat. The colour of the flame produced from
this class of coal is not so white and brilliant as
that emitted by cannel-coals, and those of similar
properties; and that portion of it which is given
out after the bitumen it contains is disen-
gaged, is of a pale blue colour. The gas which
they produce during this part of the process of
combustion is a mixture of oxide of carbon, hy-
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drogen, and carbonic acid. The coke produced
from this class of coal, during the process of
generating gas therefrom, when carbonization is
properly.carried on, is well adapted for domestic
and culinary purposes; and, when such coal is
manufactured into coke in the ordinary way, it is
calculated to be used in the furnaces of iron-
founders, and for other metallurgical operations.
Coals of this class are, in the market, denominated
strong burning coals. The coals which may be
named under it, are Bewicke and Crastor’s
Wallsend, Bewicke’s Wallsend, Russel's Walls-
end, Bell's Wallsend, Brown’s Wallsend, Wear
Wallsend, Manor Wallsend, Wellington Main,
Temple Main, Heaton Main, Killingworth Main;
Headsworth, Hebburn Seam, Hutton Seam, and
Nesham. Smiths prefer the smaller kind of this
class of coals before any other, in consequence
of its affording the greatest heat, the best cinders,
and standing a strong blast. Swansea coals may
be considered as belonging to this class. Some
of the varieties contain pyrites, others thin layers -
of lime-stone and shells: these are found amongst
the ashes they afford as slates and stones. When
submitted to distillation, a greater heat is required
than is necessary for decomposing coals of the
first class: but the gas which they afford is easily -
purified, and is generally better adapted for use
than that obtained from coals of the first class.
F 2
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The aqueous fluid which passes over, during the
process, contains sulphate, carbonate, and hydro-
sulphuret of ammonia. 'When coals of this kind
are mixed with those of the first class, in the pro-
portion of two-thirds of the former with one-third
of the latter, an excellent fuel is thereby formed ;
and if, in making the mixture, the proportion of
coals of the first class be increased, the fuel will
be' more easily managed, and will burn with
greater cheerfulness ; but then its durability will
decrease in a like proportion.

Remarks upon Coals of the Third Class.

Coals of this class require a very high tempera-
ture to bring them into ignition, they do not burn
till wholly ignited, and then some of the varieties
produce a very weak flame: others, neither yield
flame nor smoke, and merely produce a red heat,
like that which is generated by charcoal, when
under combustion. They contain a very consider-
able portion of charcoal; they produce only a
small quantity of ashes, but these are generally
very heavy. When distilled in close vessels, they
do not produce much tar, and that portion which
is disengaged, comes over in a state nearly re-
sembling melted pitch. Under that process they
also yield a gaseous fluid composed of gaseous
-oxide of carbon, hydrogen gas, and a considerable
portion of sulphuretted hydrogen. Considering
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the nature of the different varieties of this class of
coals, it can hardly be expected, that it would be
profitable to use them for generating coal gas.
The Kilkenny, Welsh, and Stone coal, are va-
rieties forming this class.

In order to form an idea of the probable time
that Great Britain may be supplied with coal
from the mines of Durham and Northumberland,
we are to consider that the seams of coals now
worked in those counties are equal to a bed
twenty miles long by fifteen miles broad, and
that the average thickness of this bed is one yard
and a half: also, that from one-fourth to one-
sixth is sufficient to be left as props for support-
ing the tops of the mines. In making our cal-
culation, suppose we state one-fifth to be left for
that purpose. Then

15x 1760=26,400 yards,

20 x 1760=35,200 yards, and
26,400 x 35,200 x 13 =1,393,920,000 cubic yards
of coal contained in the mines above mentioned ;
from this we are to deduct one-fifth for pillars
to support the roof ;—thus,

1,393,920,000 = 5=278,784,000, and

1,393,920,000—278,784,000=1,115,136,000 cu-
bic yards of coal, which may, in process of time,
be brought to market; and, as each cubic yard of
the various species of coal produced from these
mines is known to be equal to one ton, conse-
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quently, the number of cubic yards and of tons
areequal. Now, as it appears from the register
that the total annual consumption of coals, from
Newcastle and Sunderland, is 2,300,000 chaldrons,
of 27 cwts. each, it follows, that the annual con-
sumption in tons, is 3,105,000.

The total quantity of coals which these mines
are capable of supplying, having been stated at
1,115,136,000 tons ; therefore, if that number be
divided by the tons annually consumed, the
quotient expresses the number of years such
annual supply can thence be given; thus
1,115,136,000+ 3,105,000 =359 nearly, and such
number of years they will afford a source of
consumption. '
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CHAPTER 1IV.

On the Economy of using Pit-coal as Fuel—the Heat it gene-
rates—the Formsof Grates and Fire-places—with Remarks
on the various Abuses practised in the Coal-trade, &c. &c.

WHEN pit-coal is used for fuel in open. fire-
places, the quantity of heat generated thereby
depends very considerably upon the fire being
properly managed. If it be allowed to burn
clear, it will throw out much heat; but, if the
coal be heaped upon it in such a way as prevents
a current.of air from passing through the .mass,
it will be smothered up, and produce a very small
proportion; most of the heat will be lost by its
being employed to give elasticity to the smoke,
which rises in great abundance. The combustion,
under such circumstances, must be very incom-
plete ; for the carburetted hydrogen gas will be
driven up the chimney uninflamed, and therefore
the fuel will be used with little benefit. But coal
is. often thrown upon the fire in this way by
servants, by which the flame is frequently many
bours in making its way through the top of the
fire ; and sometimes before it can do so, the fire
is actually in danger of going out altogether.
Whilst this wasteful process is going on, the fire
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does not communicate any heat to the room, and
the throat of the chimney being filled with a heavy
vapour, void of any heating quality, and having
but little elasticity, the warm air in the room
forces its way up the chimney, and thence escapes
more easily than when the fire burns with a
degree of brightness. Indeed, where chimneys
and fire-places are not constructed with judg-
ment, it often happens, that the current of warm
air from the room, on entering into the chimney,
so crosses upon the aqueous vapour, which escapes
slowly from the fire, as considerably to impede
its ascent, and in some cases to force it back
into the room; and, from this circumstance it is,
that chimneys so often smoke when a large
quantity of coal is heaped upon the fire. Such
a quantity of coals ought never to be put upon
the fire at one time as.will prevent the free
action of the oxygen of the air through.them;
consequently, there ought always to be left a
sufficient passage for the flame produced. Or,
when small coals are used, not more should be
laid upon the fire at once than will be quickly so
heated through as to give out the gas which they
contain in ‘such manner as will allow it to .be
inflamed as it is generated. By paying attention
to the quantity of coals put on the fire .at once,
.and avoiding smothering it.up, much will be;con-
tributed towards cleanliness and comfort, and
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more particularly so if the following rules for pro-
perly managing it be observed :—

1st. Stirring of a fire is of use, because it
makes a hollow, where the air being rarefied by
the adjacent heat, the surrounding air rushes
into this hollow, and gives life and support to
the fire, and carries the flame with it.

2d. Never stir a fire when fresh coals are laid
on, particularly when they are very small, be-
cause they immediately fall into the hollow place,
and therefore ruin the fire.

3d. Always keep the bottom bars clear.

4th. Never hegin to stir the fire at the top,
unless when the bottom is quite clear, and the top
only wants breaking.

Having shewn what is requisite for generating
radiant heat, the means for causihg the greatest
proportion thereof toenter the room for the purpose
of warming it, is next to be attended to. The
rays which are thrown out from burning fuel
possess the properties of generating heat only
when and where they are absorbed, and of
being reflected without generating heat at the
surfaces of certain bodies ; therefore, by knowing
these properties, we shall 'be ‘enabled to adopt
such measures as cannot fail of producing the
effect we may desire, namely, bringing into the
room a large proportion of radiant heat: In
order to do this, we are to cause as many 'of the
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rays as we can that are sent off from the fire, to
come directly into the room, which can be
effected by bringing the fire as far out as possible,
and making the opening of the fire-place ag wide
and as high as circumstances will admit of. The
back and sides of the fire-place ought to be made
of such form and such materials as will cause the
direct rays of heat from the fire which strike
against them to be abundantly reflected into the
room. The bestform for the vertical sides of the
fire-place, or covings, is that of a perpendicular
plane, which makes an angle of about 130 de-
grees with the back of the fire-place. In the
construction of many fire-places, the angle formed
between the back and the covings is a right one,
which, of course, by causing the two sides to be
parallel to each other, is in nowise calculated for
causing the rays of heat which fall upon their
surfaces to be reflected into the room. But, if
the back of the fire-place be about one-third of
the width of the front, the two covings, instead
of being parallel to each other, will each stand at
an angle of about 130 degrees from the back of
the fire-place; by this means, they will present
oblique fronts towards the room, and thence the
rays of heat which had fallen upon their surfaces
will be reflected into it. As to the materials
which may be most advantageously employed for
constructing fire-places, it is clear that those
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are the best which reflect the most or absorb
the least of the radiant heat generated. Such
bodies as absorb radiant heat are of necessity
heated by that absorption; we are, therefore,
to find by experiment, what. bodies acquire the
least heat, by being so placed as to allow the
direct rays from a clear fire to fall upon them
for a given time; and, having ascertained the
fact, we are to consider such body as most fit
for constructing the backs and covings of fire-
places. As itis well known, that iron and most
metals grow very hot when exposed to the rays
thrown out by burning fuel, they are the worst
materials that can be used for constructing the
backs and covings of fire-places . and, as fire-stone
and common bricks absorb the heat given out by
a fire, when so exposed, in a very small degree,
they may be considered as the best materialsforthe
purpose. But, if fire-places are constructed of
bricks and mortar, such should have a thin coat of
cement given them, which, when dried, ought to
be blacked and brushed bright in every part that
is not liable to be soiled by the ascending smoke.
The interior part of the breast of the chimney
ought to be so rounded off, (instead of being left
flat, full of corners and holes,) as to allow a free
current of air to pass under the mantel-piece into
the chimney: under this arrangement, the air
will more easily unite with the smoke.as it ascends,
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and be less liable to cross it, and drive itback into
the room. As to the height which the back and
covings ought to be carried, it will depend on
the height of the mantel, and that part of the
chimney where the breast ends, and the begin-
ning of the upright canal is formed. The back,
and also the vertical covings must be carried
about six or eight inches higher than the breast;
by their being so, the throat of the chimney will
be so formed as to render it altogether unne-
cessary to carry them higher.

For most fire-places, the throat of the chimney
ought to be about four inches wide; but, in cases
where the fire-place is small, and the chimney
well situated, three may be sufficient: how-
ever, it sometimes happens, when the throats of
chimneys are very narrow, by putting on the fire
much coals at one time, the smoke will be puffed
down. Four inches may be considered the best
width for fire-places where coal is to be burnt.
But in large ﬁre-places, it may - be increased to
six or seven inches. :

Grates, to be used in rooms of the mlddle size,
ought to be from six to nine inches from the bars
in front to the back. No grate ought to be less
than five inches wide, for any further diminution

~will cause it to- be very difficult to keep the fire
made in it from going out.

The size of the coal is'an important subject', as
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it regards the productien of heat ; for when smalt
coals are used in fire-grates of the ordinary kind,
they are very wasteful. Whenever small coals
are used, it is found necessary to stir the fire;
by doing so, before they are thoroughly caked, a
great portion of them pass through the bars, and
are taken to the dust-hole without being burnt.

In large grates, small coals may be of some
use when thrown on the back part of the fire;
but fires made with them are neither so strong or
so bright as those made with large coals.

But the loss which is occasioned to the lower
orders of society from using small coals is in pro-
portion greater than in the houses of the rich; for,
in the large fire-places of the latter, the small coal
has a much greater chance of being burnt than in
the small grates of the former. The poor cannot
afford to keep large fires, and have but little
time to spare for preparing their meals; the conse-
quence is, that they must unavoidably stir the
fire, and by so doing, waste a considerable portion
of coal. But to them the loss is increased by the in-
ferior kinds of coal which they are compelled to
purchase, when their supply is frequently obtained
by the bushel or peck from the coal-shed. If they
are supplied from thence with coals of the first
class, the rapidity with which they burn causes
them to consume double the quantity necessary;
if they use coal of the second class, the slowness
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with which it burns makes it to them nearly as
wasteful—for a great quantity thereof goes to the
dust-hole without being burnt.

It is an erroneous opinion, which leads to a
supposition that the actual quantity of coal con-
tained in a sack is diminished by screening the
small from the large coals; and it is easily con-
futed by considering that a compact body does
not occupy so much room as when it is broken
into smaller pieces, or reduced to powder :—the
case in question is similar—the screening of coal
removes only the dusty part of it; consequently,
by that being taken away, room is given for more
small pieces of coal being received into the sack
than are equal in weight to the dust which it
contained prior to the screening process.

“ And with regard to the measure of coal as
¢ offered in the market,” says Mr. Edington, in
his work on the coal-trade*, “ it may be remarked,
¢¢ that many coal-merchants will promise to give
“ sixty-eight sacks to a room; but here it should
““ be observed, that much depends on the size and
¢ shape, or, as it is called, the roundness of the
“ coal, viz., any of the Wallsend, Wellington,
« Benton, Heaton, Heborn, Percy Main, Cowper,
 Blyth, and Hartley, being all put on board of
« ships in large masses and blocks, round as out

* Pages 91, 92, 93.
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¢ of the mine ; it is certain, that in every room of
¢ five chaldron and a half, the in-grain, when. the
‘ round are broken, every room will measure out
¢ from six to six and a half chaldron again, equal
“ to seventy-two or seventy-eight sacks; those of
« the inferior kind being so small, will barely
‘¢ measure out the same measure as they meted in
¢ the Pool. It is now become a general rule,
““ when a room of coals is bespoke, to send in
« sixty-three sacks, and no more, with the meter’s
« ticket, which, if fairly measured, is all that can
““ be expected; the overplus the merchant claims
‘¢ himself. '

« In coal-sheds the measure, as well .as the
*¢ mixing one kind of coal with another, is often scan-
“ dalous, for the act of parliament does not take
‘¢ the least notice of the small measures.. Itisa
¢ known fact, when a fraudulent dealer orders in a
“ room of coals, for every chaldron of thirty-six
¢ bushels, if he does not send them out at the rate
 of forty-two bushels again, he will be dissatis- -
¢ fied with his measure. This is extremely hard
“ upon the lower class of people, who are only
‘ able to purchase a peck or half a peck at a time;
“ and let the measure be ever so bad, they have
“ no means of redress.

¢ But should the legislature determine to do
“ away the present erroneous mode of measuring
“ coals, in which the deception between round and
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*« small coals is so great, there is no way completely
“ to. remove the evil but to have them sold by
“ weight, in proportion, which would put it out of
‘ the power of the seller to defraud, even in the
“ smallest quantity; and as to the coal waggons,
‘“ instead of carrying the bushel measure they use;
“let them have a pair of steelyards, so that a
“ sack, or any quantity of sacks of coal could be
« easily weighed at the over-end of the waggen,
« and if the sack of coals weighs 255 pounds,
“ after deducting the sack, the purchaser may be
«« satisfied that he has his measure.”

Mr. Edington observes*, ‘ the difference is so
¢ great between round coals, with regard to abso-
‘¢ lute quantity, and small damp and dry coals, that
‘¢ no means can be obtained to correct and prevent
« abuse. Thus, if a vat of Wallsend coals be
« measured from the ship, such measure as the
 meter gives,—turn over the vat, and break the
¢ round coals to the size the merchant sends them
“ out to his customers, then fill up the vat again;
< and it will be found to overrun a bushel, more
“¢ or less, according to the roundness of the coal.
¢ Secondly, a score is measured out of Wallsend
¢ coals in the Pool, into a barge having four rooms;
« each containing five chaldrons, and a half the in-
“ grain ; no sooner does the barge arrive at the

* Treatise on the Coal Trade, p.p. 191, 192, and 200.
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* wharf, than the round coals are broken, and if
* very dry, the coals being wetted, will increase
<¢in bulk ; nor is the coal-merchant satisfied if* he
“ does not by this practice send out from six to
“six and a quartér, or even six and a half
“ chaldrons from each room. Thirdly, if coals
“ were sent' out by weight, the deception -by
““ watering thein may be supposed to be heavier,
““ but the contrary is the case: for if a bushel of
“ Wall's End coals be measured up dry, it will
* gshew its weight to be from eighty-four to eighty-
“five pounds; then try another bushel of the
¢ same coals well wetted, the weight will be found
‘““not so great; for the fact is, a bushel of dry
“ coals, if éver so round, has always a part
¢ small; which runs like dry sand, and fills up
 every cavity, making the whole a solid mass;
““ whereas a bushel of wet coals only closes up
- the hollow;cavity, and they clog together and
“ will not weigh so much as the dry coals. - In
‘“ meting coals by measure, take a bushel of coals,
¢ dry, turn them up and wet them well; then fill
s¢.up: the bushel again, and théy will over-run the
-““measure considerably, for, as before observed,
“ they fill up hollows.:

. “ By the proposed method (of adopting the
* sale of coal, hoth by weight'and measurement,
# justice would be done to the revenue, to the
“ consumer of coals, and to all coal-merchants

G
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"* and proprietors of the collieries. But, from the
-““ observations already shewn, it is not to be
““wondered that the coal-merchants give - so
‘ decided a preference to the round coals, be-
" ¢ canse the larger they are, by breaking, §c., the
‘ greater the quantity will run over the mea-
‘“ sure they receive in the pool; nay, they see
“ by the certificates put up in the Change on a
“ market-day, all such cargoes as are loaded by
*“ the spout only, and they will give from twelve-
¢« pence to eighteen pence per chaldron in pre-
< ference to large cargoes, even of the same coals;
« but from the size, the ship being obliged to take
¢ a part of her lading in by keel, not so round as
¢ those wholly loaded by the spout.” '
After what has been selected from Mr. Eding-
‘ton’s Treatise on the abuses practised in the coal-
-trade, perhaps nothing could be brought forward
with more propriety as a conclusion to this chap-
.ter, than the following abridged extracts from the
coal laws. '
« Sea coal brought into the Thames shall be
“ sold by the chaldron, containing thirty-six
¢ bushels heaped up, according to the bushel
« gealed for that purpose at Guildhall.
¢« Coals within the bills shall be carried in
< linen sacks, sealed by the proper officer, which
<« ghall be at least four feet four inches in length,
. and twenty-six inches in breadth; and sellers
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of coal by the chaldron, or less quantity, shall
put three bushels of coals into each sack.”

3 & 32 Geo. 11, c. 26 & 27.
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“ All sellers of coals dare to keep a lawful
byshel, which bushel and other measures shall
be edged with iron and sealed; and using others,
or altering them, incurs a forfeiture of fifty

‘pounds. > -

‘¢ Any purchaser dissatisfied with the measure
of any coals, may, on delivery to him of the
meter’s ticket, have the same re-measured, by
sending notice thereof to the seller, and to the
land coal meter’s office for the district in which
the coals were sold; on which a meter (not
being the same under whose inspection the
coals were. originally measured) must, within

‘¢ two hours, attend to re-measure the coals, and

[

shall re-measume the same sack by sack, in the

« presence of the seller and the purchaser (if they
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attend), and also .in the presénce of a meter
from the two other districts (whose attendance
within London and Westminster is enforced by
a penalty of five pounds; but notin Surry); for
this ettendance the purchaser is to pay each
coal-meter attending six-pence per chaldron.

1If the coals prove. deficient measure, the seller

shall forfeit five pounds for every bushel de-

ficient, and also forfeit the coals to the poor.

The meter- under whose -inspection the coals
G2
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¢ were measured at the wharf, shall also forfeit
* five pounds per bushel deficient, to be recoverved
“ (if not in five days) of the principal coal-meter ;
“ and coal-porters two shillings and sixpence
= per bushel. The carman is to be paid two
«- ghillings and sixpence for his horses, &c., for
“ ‘each hour, whilst the coals are re-measuring.

“ Any coal factor receiving, or coal owner
¢ giving, any gratuity for buying or selling any
« particular sort of coals, and selling one kind
¢ of coals for and as a sort which they really are
“¢¢ not, shall forfeit five hundred pounds.” 3 Geo.
J1. -e. 26. ; .

¢ Qwners or masters of ships shall not enhance-
-¢¢"the price of coals in the river Thames by keep:
¢ ing. turn in delivering coals there, under the
¢ penalty of one bhundred pounds.” 4 Geo. II.
c. 30. “ Contracts between coalg@wners, &c., and
¢ merchants of ships for restraining the buying of
“ coals: are veid, and the parties shall forfeit one
« hundred pounds.” 9 Ann. c. 28.

« Wilfully and maliciously setting on fire any-
-#-mine, pit, or delph of coal, or cannel coal, is
« felony without benefit of clergy.” 10 Geo. II.
~C. 32,7 :

. ¥ Setting fire to, -demolishing, or otherwise
« damdging, any engine or any other thing be-
«¢ Jonging to coal mines, is felony, and transpor-
-« tation for seven years.” 9 Geo. III. c, 29.
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'CHAPTER V.

The Theory of the (,ombustlon of Coal considered, for the

purpose of explaining the Nature of Gas Lwht and zls
Production.

WHEN pit-coal is burnt in an open fire-place
‘it emits flame, which is occasionally exhibited in
streams of peculiar brightness. This flame is
‘coal gas in a state of combustion. But, besides
‘this gas, there are expelled from coal, by the
action of heat, an aqueous ammoniacal 'vapour,
(which, on being condensed, forms liquid ‘am-
monia,) a thick fluid nearly resembling tar, and
‘some non-inflan#nable gases. Thé wavering and
the changing of the colour of flame proceeding
from a coal-fire is occasioned by the variety of
products which coal affords, and, as these are
“evolved, we have, at one time, streams of brilliant
‘light, at adother, clouds of dense and aqueous.
vapour thrown off, as smoke. Seeing then, that
"when coals are burnt in the ordinary way; we
‘have ‘evident proofs that they contain inflamma-
‘ble gas, which, if collected and properly appli¢d,
“would serve as a substitute for the ‘Iights obtained
“by using candles or oil, together with othex
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valuable products,—we must be aware, that,
should they be distilled in close vessels, the
various parts of which they are formed, may be
collected. Such part of the coal as is bituminous
will melt out, and be exhibited in the form of
tar. That which contains ammoniacal salts, will
be thrown off as vapour, and, on condensation,
will appear as an amber-coloured fluid, more or
less charged with ammonia, according to the cir-
cumstances under which the distillation may have
been carried on, and the quality of the coal.
Whilst the above products are evolved, a consi-
derable quantity of carburetted hydrogen gas, and
some uninflammable gases are also generated.
These having all been freed from the coal by the
action of heat, and collected in their respective
reservoirs, its base, which is a carbonaceous sub-
stance, known by the name ofgoke, remains in
the retort. The coal gas, being freed from the
sulphuretted hydrogen, and non-inflammable
gases, is fit for use, and may be forced out of
the gas-holder, where it is collected, to any dis-
tance, by means of cast-iron pipes laid under
ground ; from whence smaller pipes of wrought
iron and copper convey it to the respective
houses where it is to be burnt. At the extremity
of the pipes are fixed burners, to which, by means
of stop-cocks, the gas is admitted, and, through
orifices made in the burners, it escapes, and is
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ignited for the purpase of afferding light, Thus,
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. i we direct our attention to the process of the
combustion of coal, when burnt in @ common
grate, we shall very frequently observe streams’
of flame burst out of the clouds of smoke which
are evolved :—these suddenly disappear, and
fresh ones supply their place, as the quantity of
inflammable gas preponderates over the non-:
inflammable gases and aqueous products. Should-
we apply a lighted taper to the small jets issuing
from that part of the ceal from whence the tar
oozes and points out as bituminous, they will
ignite and burn with a brilliant flame. In short;
it is evident that a considerable quantity of
gaseous matter, which is capable of generating
both light and heat, in open -fire-places, must
escape up the chimney, whilst but a small portion'
of it, comparatively speakmg, is exhlblted ag
flame.

If we compare the theory of the productlon of
gas-light with the theory of the productien of
artificial light by means of candles or of lamps,
we shall instantly perceive that the principlés are
similar ;—for, in candles or lamps, the wick bears
a like situation to that of coal, when submitted to
distillation in a close vessel. The wick of a
candle serves t6 convey the melted tallow by
capillary attraction to where it is to be consumed.
It is there decomposed, and forms carburetted
hydrogen gas; as this is made use of, a fresh
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supply is constantly kept up, which maintains the
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In concluding this chapter, we are to observe
that the system of generating light from pit-coal
is supported not only by reason, but now by ex-
perience also ;—that the discovery ranks highly,
amongst those which have recently been made in
chemistry :—and it appears likely to produce the
most favourable results; for, from its application
we learn, that those uses to which we have been
accustomed to put coal, are not all to which itis
applicable. The production of artificial light, as
it relates to our comforts, is of peculiar import-
ance, and the source afforded for obtaining it by
this new discovery is in this country abundant.

By the introduction of the gas lights, the process
of analyzing coals is so considerably extended,
that what, as far as related thereto, was once
confined to the laboratory of the chemist, is now
performed with great simplicity in the large way,
at every gas-light establishment. Indeed, so
much has the scheme extended, that at some
works in this metropolis, as many as thirty
chaldrons of coals are distilled in twenty-four
hours; and the aggregate quantity daily used
here for generating gas may be estimated at ome
hundred and fifty chaldrons, from whence are
produced about seventeen million cubic feet of
gas, and.other valuable produets. :
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considered as an innovation on former and long-
established habits.

That a permanently elastic and inflammable
aériform fluid is evolved from pit-coal, appears to
have been first ascertained experimentally by the
reverend Dr. Clayton. An account of his dis-
covery was published in the Philosophical Trans-
actions of the Royal Society, Vol. XLI, for the year
1739, from whence the following extract is made:
— 1 got some coal, and distilled it in a retort in
“ an open fire. At first there came over only
¢« phlegm, afterwards a black oi/, and then like-
“ wise a spirit arese, which I could no ways con-
“ dense; -but it forced my lute, or broke my
s glasses. Once, when it had forced my lute,
* coming close thereto inorder to try to repair
“ it, 1 observed that the spirit which issued out,
¢ caught fire at the flame of the candle, and con:
« tinued burning with violence as it issued out in
« a stream, which I blew out and lighted again
« alternately for several times.. I ther had a
« mind to try if I could save any of this spirit;
s in order to which I took a turbinated receiver,
« and, putting a candle to the pipe of the receiver,
« whilst the spirit arose, I observed that it catched
“ flame, and continued burning at the end -of the
“ pipe, though you could not discern what fed the
« flame. I then blew it out and lighted it again
w' geveral times; after which 1 fixed a ‘bladder,
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‘¢ squeezed and void of air, to the pipe of the re-
“ ceiver. The oil and phlegm descended into the

“ quently taken one of these bladders and pricked
“ a hole therein with a pin, and compressing
« gently the bladder near the flame of a candle
“ till it once took fire, it would then continue
“ flaming till all the spirit was compressed out of
“ the bladder; which was the more surprising
“ because no one could discern any difference in
 the appearance between these bladders and
« those which are filled with common air. -

«_ But then, I found that this spirit must be
¢ kept in good thick bladders, as in those of an-
«“ ox, or the like; for, if I filled calves’ bladders
¢ therewith, it would lose its inflammability in
“ twenty-four hours, though the bladders became
“ not relaxed at all.” '
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In the beginning. of the eighteenth century,
Dr. Hales* made chemical experiments on pit-
coal; and in doing so he found, when it was sub-
mitted to distillation in close vessels, nearly one-
third of the coal passed off in inflammable vapour.

The Bishop of Llandafff, in the year 1767,
examined the qualities of the gaseous and other
products, generated whilst distilling pit-coal ; and
observed that the carburetted hydrogen gas would
not only inflame as produced, when allowed to
issue from the distillatory vessel, but that its in-
flammable quality was retained after passing it
through water and allowiag it to ascend by means
of curved tubes. The other products obtained
during the proeess, were an ammoniacal lxquor,
a thick ¢il resembling tar, and-coke.

But the applying of coal-gas, for the purposes
of illumination, is of more recent date, and the
merit of bringing it forward is claimed, and with’
justice, by Mr. Murdoch. The followingaccount]
of his discovery is given by Dr. W.' Henry, of‘
Manchester.

¢ In the year 1792, at which time Mr. Murdoch
¢« resided at Redruth, in Cornwall, he.commenced
« g series of experiments upon the quantity and’
«.quality of the gases contained in different sub-

* Vegetable Statics, Vol. L.

"+ Watson’s Ckemical Essays, Vol. I1.

1 Thomson’s System of Chemistry, Vol. 1., p. 52.
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* stances. Inthe course of these, he remarked tha(:
‘¢ the gas obtained by distillation from ceal, peat,
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west, Newcastle, Shropshire, Staffordshire, and
some kinds of Scotch coals.

. ¢ Mr. Murdoch’s constant occupations pre-

vented his giving further attention to'the sub-
ject at that time ; but he again availed himself
of a moment of leisure to repeat his experiments
upon coal and peat at Old Cumnock, in Ayr-
shire, in 1797; and it may be proper to notice
that both these and the former ones were ex-
hibited to numerous spectators, who, if neces-
sary, can attest them. In 1798, he constructed
an apparatus at Sohe foundry, which was ap-
plied, during many successive nights, to the

lighting of the building, when the experiments

upon different apertures were repeated and ex-

~tended upon a large scale. Various methods

were also practised of washing and purifying
the .air, to get rid of the smoke -and smell.
These experiments were continued, with occa-

« sional interruptions, until the epoch of the peace

in the spring of 1802, when the illumination of
the .Soho manufactory afforded an opportunity

-of making a public display of the new lights;

and they were made to constitutea prmclpal
feature in that exhibition.” X
_The general nature of gas-light 1llum1nat10n was

exhibited by Mr. Winsar, at the Lyceum  theatre,
in London, .in the years 1803. and 1804; but the
apparatus, by the means of which he obtained
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coal-gas, and the mode of purification which he
adopted, Me kept a secret. He shewed the
manner of conveying the gas through the house,
and exhibited various devices for chandeliers and
burners. Instead of the copper fittings, which
experience has since taught to be the most useful,
he proposed long flexible tubes brought from the
ceiling or the wall, to the ends of which were at-
tached different ‘descriptions of burners. Iie
proved, experimentally, that the flame of coal-gas,
when properly managed (by allowing no more gas
to pass the burner than would be entirely con-
sumed), produces no smoke; and that it is not, as
the flame of candles and lamps, subject to emit
sparks ; therefore not so dangerous, nor is it so
liable to be put out by sudden gusts of wind, or
by heavy rain.

Although the discovery of the inflammability
of coal-gas cannot be claimed by any person now
living, it appears that both Mr. Winsor and Mr.
Murdoch have laid claims to the right of bringing
it into notice as a substitute for other lights. We
are, however, mformed by Mr. Accum that Mr.
Murdoch’s priority of right was not heard of till
more than two years after Mr. Winsor’s public
exhibition took place; and, from what he says
on the subject, one would be led to consider Mr.
Winsor as entitled to it. But if we compare
Dr. Henry’s Statement relative to Mr. Murdoch’s

H
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discovery, with what Mr. Accum says of the
most early period that Mr. Winsor pressed on
the public mind the extensive application of gas
light; it will appear that Mr. Murdoch had, ten
years prior to that time, when making his ex-
periments on the gases contained in different sub-
stances, considered, by confining and conducting
coal-gas through tubes, it might be employed as
an economical substitute for lamps and candles.
He distilled his coal in iron retorts, and conducted
it through tinned iron, and copper tubes, to the
distance of seventy feet. In short, so long ago as
1797 he exhibited his experiments to numerous
spectators. In the following year he constructed
an apparatus for lighting the works of Messrs.
Bolton and Watts; and, in the spring of 1802,
these works were illuminated under his direction.

It does not appear that Mr. Winsor’s public
exhibitions commenced till 1803; how, then,
could Mr. Murdoch derive the hint of apply-
ing coal-gas from thence? or, how can there
be any necessity for observing that the ideas of
Mr. Murdoch on the subject may have arisen
_totally independent of all acquaintance with
Mr. Winsor’s? Unacquainted with either of
these gentlemen, I cannot be supposed to speak
with partiality in declaring that from the most
circumstantial and respectable testimony, Mr.
Murdoch appears to deserve the merit of
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bringing the new mode of illumination into notice.
It is certainly a false mode of reasoning, which
leads any person to assert that the claims of in-
vention concern the Public only to a limited ex-
tent; for it must be considered, if the inventor
is liable to have his right doubted on the vague
assertions of another, the spur to exertion of
talent is lost, and few, under such circumstances,
would have sufficient strength of mind to carry
them through the trial. He who wins the palm
should be allowed to wear it, but how frequently
do we witness the reverse.

Mr. Winsor made no new discovery relative to
the decomposition of coal, nor invented the man-
ner of conducting gas through tubes from the
reservoir to the place of consumption. He did
much, by his exhibitions in this metropolis, to-
wards calling the public attention to the subject
of gas-lighting; but, at the same time his pub-
lications acted against the scheme. Perhaps
it was owing to these that the plan was so
long in gaining ground, more than to a want
of support from some great name; for who could
confidently rely on statements which were be-
yond all credence, and which later experience
has proved were so wide from the truth? But, as
Mr. Winsor’s experiments must have been made
in the small way, we can hardly expect the results

H2
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would agree with the more extensive practice
of steceeding operators.

Mr. Winsor took out a patent in May, 1804,
for combining the saving and purifying of coal gas,
for ebtaining ammonia, tar, and other products of
pit-ceal with the manufacture of a superior kind of
coke; since which time he has taken out another
patent for further improvements in the processes.

Mr. NorTHERN, of Leeds, in the year 1805,
called the public attention to applying coal gas for
the purpose of producing light, instead of candles,
&ec., an account of which is extracted from the
Monthly Magazine for April, 1805 :—

« I distilled in a retort fifty ounces of pit-coal
‘¢ in a red heat, which gave six ounces of a liquid
“ matter covered with oil, more or less fluid as
¢« the heat was increased or diminished. About
“ twenty-six ounces of cinder remained in the
« retort ; the rest came over in the form of air,
“ as it was collected in the pneumatic apparatus.
« I mixed part of it with atmospherical air, and
“ fived it with the electric spark with a tolerable
“ explosion, which proves it to be hydrogen.
“ Whether any of the other gases were mixed
“ with it I did not then determine. In the re-.
¢« ceiver I found a fluid of an aeid taste, with a
« great quantity of oil, and at the bottom, a sub-
“ stance resembling tar.
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« The apparatus I make use of for producing light
is a refiner’s crucible, the top of which (after
filling with coal) I close with a metal cover,
luted with clay, or other luting, so as to prevent
the escape of the gas; a metal pipe is soldered
into the ocaver, bent so as to come under the
shelf in the pneumatic. trough, .over .which I
place a jar with a stop-cock and:a small tube ;
the jar being previously filled with water,. the
crucible I place on the common or other fixe, a8
is most convenient ; and as the heat increases
in it, the gas is forced rapidly through the
water into the jar, and regularly displaces it.
I then open the cock and put fire to the gas,
which makes its escape through the small tube,
and immediately a mast bedutiful flame ensues,
perfectly free from smoke or smell of any kind.
A larger light, but not so vivid er clear; will be
produced without passing the gas through
water, but attended with a smoke somewhat
greater:than that of a lamp charged with.com-
mon oil.

« I have great hopes that some active mechamc
or chemist will, in the end, hit on a plan te
produce light for large factories, and other pur-
poses, at a much less expense, by the above or
similar means, than is at present produced
from oil.”

About this time, Mr. Samuel Clegg, of Man
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chester, engineer, communicated to the Society
of Arts an account of his method of lighting up
manufactories with gas, for which he received the
silver medal. To the exertions of this gentleman
the gas-light manufacturer is indebted for various
improvements in apparatus and machinery.

The rapidity with which the gas-light scheme
has since extended has been almost beyond ex-
ample in any other; for, not only manufactories,
but many of the principal towns, in this and other
countries have been lighted with gas, together
with much the greater part of this metropolis.

The application of gas lights was pointed out
in France before it was publicly introduced into
England. M. Le Box had a house entirely lighted
up with gas in Paris in the winter of 1802, which
was witnessed with admiration by a considerable
number of persons. He obtained a patent from
the French government for the art of producing
light from wood burnt in close vessels.

The ammoniacal liquor and tar have latterly
been manufactured on an extensive scale—the
former into sulphate of ammonia and various salts,
and the latter into pitch, prepared tar, oils, var-
nishes, &c. '

Mr. Murdoch, in the year 1808, presented the-
Royal Society with his account of the application
of coal gas—for which the Society complimented
him with Count Rumford’s medal. The follow-
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ing statement is copied from Mr. Murdoch’s
paper.
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“ The whole of the rooms of the cotton mill of
Mr. Lee, at Manchester, which is, I believe,
the most extensive in the United Kingdom, as
well as its counting-houses and store-rooms,
and the adjacent dwelling-house of Mr. Lee,
are lighted with gas from coal. The total
quantity of light used during the hours of
burning has been ascertained, by a comparison
of shadows, to be about equal to the light which
2,500 mould candles, of six to the pound, would
give; each of the candles with which the com-
parison was made consuming four-tenths of an
ounce (175 grains) of tallow per hour.

‘ The gas-burners are of two kinds: the one is
upon the principle of the Argand lamp, and
resembles it in appearance; the other is a

-small curved tube with a conical end, having

three circular apertures or perforations of about
a thirtieth of an inch in diameter, one at the
point of the cone, and two lateral ones, through
which the gas issues, forming three divergent -

“« jets of flame, somewhat like a fleur-de-lis. The
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shape and general appearance of this tube has
procured it, among the workmen, the name of
the cockspur burner. :

“ The number of burners_employed in all the
buildings amounts to 271 Argand and 653
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cockspurs, each of the former giving a light

equal to that of four candles of the description
abovementioned ; and each of the latter a light
equal to two and a quarter of the same candles;
making, therefore, the total of the gas light
a little more than equal to that of 2,500
candles, six to the pound. When thus regu-
lated, the whole of the above burners require
an hourly supply of 1,250 cubic feet of the gas
produced from cannel-coal ; the superior quality
and quantity of the gas produced from that ma-
terial having given it a decided preference in
this situation over every other coal, notwith-
standing its higher price.

¢ The time during which the gas light is used
may, upon an average of the whole year, be
stated at least at two hours per day of twenty-
four hours. In some mills, where there is
over-work, it will be three hours; and in the
few where night-work is still continued, nearly
twelve hours. But taking two hours per day
as the common average throughout the year,
the consumption in Messrs. Philips and Lee's
mill will be 1250 x 2=2500 cubic feet of
gas per day; to produce which, 7 cwt. of
cannel-coal is required in the retort. The
price of the best Wigan cannel coal (the sort
used) is thirteen-pence halfpenny per hundred
weight, (twenty-two shillings and sixpence per
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ton,) delivered at the mill, or say about eight
shillings for the 7 cwt. Multiplying by the
number of working days in the year (313), the
annual consumption of coal will be one hundred
and ten tons, and it cost one hundred and
twenty-five pounds. ,
‘ About one-third of the above quantity, or say
forty tons of good common coal, value ten shil-
lings per ton, is required for fuel to heat the
retorts, the annual amount of which is twenty

. pounds.

“ The 110 tons of cannel-coal, when distilled,
produced about seventy tons of good coke,
which is sold upon the spot at 1s. 4d. per cwt,,
and will therefore amount annually to the sum
of ninety-three pounds. : '
¢ The quantity of tar produced from each ton
of cannel-coal is from eleven to twelve ale
gallons, making a total annual produce of about
twelve hundred and fifty ale gallons, which not
having been yet sold, it cannot yet be deter-
mined its value.

‘ The interest of the capital expended in the
necessary apparatus and buildings, together
with what is considered as an ample allowance
for wear and tear, is stated by Mr. Lee at about
five hundred and fifty pounds per annum, in
which some allowance is made for this ap-
paratus being made upon a.scale adequate to
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“ Mr. Lee is of opinion, that the cost of attend-
ance upon candles would be as much, if not
more, than upon the gas apparatus; so that, in
forming the comparison, nothing need be, stated
upon that score on either side. .
 The economical statement for one year then
stands thus :—

Cost of 110 tons of cannel-coal ........£125
Ditto of 40 tons of common do. to carbonize 20

Inall 145

Deduct the value of 70 tons of coke ....£ 93
¢¢ The annual expenditure in coal, after de-
ducting the value of the coke, and without
allowing any thing for the tar, is therefore £ 52
« And the interest of capital sunk, and

wear and tear of apparatus............ 550
¢« Making the total expense of the gas
apparatus per annum about .......... 600

« That of candles to give the same light would
be about 2,000/ For each candle, consuming
at the rate of four-tenths of an ounce of tallow
per hour, the 2,500 candles burning, upon an
average of the year, two hours per day, would,
at one shilling per pound, the present price,
amount to nearly the sum of money above-
mentioned.

Y
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* If the comparison were made upon an aver-
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lings ; besides a saving of thirty pounds per annum
in candles, oil, and cotton, for soldering, which,
smce the adoption of gas in his premises has been
performed solely by its flame. In short, that he
saves annually thirty pounds out of the fifty pounds
which his lights formerly cost him.

Messrs. Lloyd, of Queen-street, Southwark,
thimble manufacturers and whitesmiths, have also
used the gas light for soldering and other pur-
poses, their apparatus being upon a very small
scale. From their statement, it appears they
gained, as a profit, upon every bushel of coals
distilled, the sum of eight shillings and four-pence,
if the light afforded was compared with the light
of tallow candles formerly used.

The foregoing statements have been mentioned
in order to shew that at a very early period pf
this new era in the science of procuring artificial
light there were not wanting individuals who
chose to adopt the process. Great numbers of
similar experiments might be adduced, if needful ;
but, the avidity with which the gas light is now
almost every where called for, renders the pressing
of its superior claims to notice further on the
Public altogether useless.



< 1,09

CHAPTER VII.

On the Retorts, and the best Mode of setting them.

THE retorts used for the distillation of pit-coal
are of different shapes in different establishments ;
they are either circular, semicircular, elliptical,
or square. There is, however, another description-
of retort for which a patent has been obtained,
and to the manufacturer of coal-gas it is known
by the term ¢ rotary retort.” I shall speak of
these different kinds of retorts in order; but shall
confine my observations more particularly to the
circular and elliptical ones. The latter being, in
my opinion, the most likely to answer the pur-
pose of the manufacturer of gas, will be very fully
dwelt upon. The former having, under my own
observation, been tried through various medes of
sétﬁﬁg, I shall state such facts relative thereto as
will enable the manufacturer to form a just con-
ception of the comparative value between both,
and then leave him to choose which he will adept.

The circular retorts (for, in adverting to the
shape of them, I am to be understood as speaking
of that section which is vertical and parallel to
the flanches at their mouths) are eylinders of abor ¢
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six feet in length and twelve inches diameter in-
side. These have, till recently, been set on the
flue plan, and when set two to one fire, carboni-
zation was carried on at about twenty per cent. ;
or, to speak in more familiar language, it re-
quired twenty chaldrons of coals to keep a suf-
ficient number of retorts so heated as to be
capable of carbonizing one hundred chaldrons in
a proper manner ; when the retorts were worked
at eight hours’ charges*, with two bushels of coals
to one retort each charge.

The fire-place for heating this kind of retort
was opposite to its mouth; and, under these cir-
cumstances, a retort, cast from metal of the second-
running, and weighing about ten hundred weight,
would last from eight to ten months.

In tracing the steps towards the plan on which
cylindrical retorts are now most generally set,
and, comparing the advantages arising to the
manufacturer by deviating from the plan of setting
retorts, as already described, we should naturally
suppose that any deviation therefrom would have

* When we speak of six or eight hours’ charges, it is to be
understood that so many hours elapse between the time of the coal
being introduced into the retort and the coke being drawn from it,.
during which time the lid of the mouth-piece is closed; and, con-
sequently, the different products evolved must pass off through
the hydraulic main to their different reservoirs, the base of the

coal being all that should be left in the retort when the lid is re-
mnoved, preparatory to drawing out the coke.
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in view either the decreasing the per centage of
carbonization, or the expenses attendant on the
wear and tear of retorts; but it will be well if we
find, after a careful investigation, that either has
been effected.

The first step towards the present mode of:
setting retorts was by heating three with one fire ;
on such plan several were set in different works,
and on a range of thirty 1 had an opportunity of
making the most particular observations, from the
time of their being set till entirely worn out.
The fire-places were in front of the retorts, which
so much increased the heat there, as to make it
almost insupportable to the stokers, particularly
during the summer months. One would have
supposed that the suggester. of such pian had for-
gotten that the working man possessed. any feel-
ings, otherwise he would never have thought of
increasing the stoker’s labour by intolerable heat ;
for, unless the situation of the retort-house be so
confined as to prevent the fires from being made
at the back, instead of the front of the retorts, as
was adopted in this plan, nothing can justify it.
The engineer of such establishments as these
should ever bear in remembrance that it is a very
material part of his duty to endeavour to lessen
the weight of labour, instead of wantonly increas-
ing it. Setting aside this inconvenience, if the
expense of setting retorts three to one fire be in-
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quired into, it will be found that it would cost as
much to set any number on that plan as would set
The carbonization,
lower per centage,
ts on which I made
uniformly. When
3 almost at a white
heat, that part which was within eighteen inches
of the mouth-piece, remained quite black. The
coal was not well carbonized—consequently, the
proportion of gas to a chaldron was diminished ;
and, to sum up the evils resulting from this mode
of setting, the retorts were burnt out in about two-
thirds of the time they had lasted when set two to
one fire. When all these things are considered, we
shall not be surprised to see this plan fall to the
ground—for, from it, expenses and inconveniencies
were increased, whilst there was a less return of
products of all descriptions for meeting either.
Retorts set three to one fire having, by experi-
ment on a large scale, been proved to answer
no desirable end, the next alteration in the
mode of setting was that of heating four by
one fire. On this plan a hundred retorts were
put up at one of the establishments in London—
these it was found impossible to heat; for one
part of the retort would have actually melted
before the other had arisen even to a dull red.
A failure in one quarter in no wise disheartened
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others from attempting to get over the difficulty.
A second setting of retorts, in which four were to
be heated by one fire, succeeded better than the
first, for the retorts heated very regularly—but
carbonization was not carried on at so low a per
centage as when only two were heated by one
fire; it was considerably increased, and, what
was still worse, the retorts were sooner burnt out.
The carbonization increased daily in its expenses,
till at last it rose as high as fifty per cent. This
was owing principally to working fewer retorts
than the fires necessary to be kept up would have.
heated, had the retorts placed over each fire in
action remained in a working. state: for it very
" frequently happened, when seventy or eighty.
retorts were working, as many fires were kept
lighted as actually heated a hundred, and for the
following reason :—The action of the fire not being
uniformly directed towards each retort in the
series of four, one of them became ineffective;
when such was the case, only three out of the,
four could, of course, be used; soon afterwards a
second failed, and then but two remained in use,.
and so on:—indeed, it was no uncommeon circum-
- stance to work but two retorts .by that fire which
actually heated four, owing to two of them being:
burnt out. When retorts were set four to one.
fire, it happened that they were frequently worked
under the above disadvantage more from necessity
I
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than choice; for, whenever it became necessary
to remove defective ones over one fire, it followed
that the adjoining fires could not be kept lighted :
for if they remained so, the bricklayers could not
perform their work—consequently, when it was
required to replace a series of four, the use of
twelve retorts was lost to the manufacturer till
such time as the defective ones over the fire-place
undergoing repair were again ready to be brought
into action. The pulling down of the defective
retorts, and the replacing of them so as to be
again ready for charging, in one series, was
seldom accomplished in less than a week ; there-
fore, when the manufacturer was unable, from the
quantity of gas he had to supply, to dispense with
the use of so many retorts, he was compelled to
work them under every disadvantage.

As the expense of resetting one retort, when put
up in a series of four, for labour and new materi-
als, exclusive of the retort itself, amounted to
about eight pounds, or at the rate of thirty-two
pounds for each series, it became a desideratum to
be able to replace a burnt-out retort without
pulling down the brick-work, and allowing the
retorts next adjoining to remain inactive : actuated
by a zeal for promoting the interest of the ma-
nufacturer, my attention was turned to the sub-
ject; and, after very maturely considering the.
matter, I hit upon a plan which would enable
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the operator to remove a defective retort in a few
hours, without any expense save that incurred for
labour, and a few shillings for bolts and cement to
make good the connexions to the pipes leading
from the retort to the hydraulic main. Of this
plan I shall, in its proper place, give a particular
description—suffice it to say here, that at the
time I am now writing (March 1819), it has
never been applied to any retorts save elliptical
ones, where it was most fully proved to answer
the end in view. It is, however, equally appli-
cable to every description of retort, whether
cylindrical, semicircular, or square. :
When retorts were set four to one fire, the top
ones invariably failed first, and this led to a sup-
position that if the top ones were guarded by tiles
from the action of the fire in the same way that
the lower retorts were guarded, they would be
more likely to remain a longer time effective.
Retorts were accordingly so set, and whilst the
fire-places were continued at that side which was
opposite to the side for charging and drawing,
they did last considerably longer, but then they
were by no means so effective as on the former
plan. They feld out of all shape, and conse--
quently were not capable of carbonizing sueh-
quamtity of coals as would be advantageous to the -
manufacturer of coal gas. A-deviation from this -
mode was made by placing the fires in front of- the
12
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retorts, but it failed entirely. The bottom retorts
were soon destroyed—the action of the flame
playing on the ends of them so forcibly as lite-
rally to reduce them into a state of fusion, when
the fire was such as to keep the principal part of
the retort at a bright red heat.

Although retorts of various shapes had been
tried at different establishments, we find no ac-
count of any having been set, save on the flue
plan, that is, by the fire acting under the retort,

"and then returning over it on its way to the main
flue, till the spring of 1817, when Mr. A. Rack-
house adopted a plan for heating retorts of cylin-
drical shape set in ovens. This plan has since
been known to the manufacturer by the name of
the “oven-plan.” His first experiment was made
at one of the gas-light establishments in London,
by heating one retort in an oven. It was reported
to heat very uniformly and at little expense. At
the same establishment he next set two in one
oven, then three, and afterwards five. And it is
but proper to observe that cylindrical retorts set.
in fives on the oven-plan is now by far the most,
general mode adopted at the different gas-light
establishments. Of the cylindrical retorts set in
ovens, under the immediate superintendence of
Mr. Rackhouse, I have only had an opportunity
of making my observations upon twenty ; those I
consider to have been set without that judgment

)
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which was requisite. They were set in four ovens,
each oven being heated by three fires; therefore,
it followed when all the retorts were serviceable,
it required twelve fires to heat twenty retorts.
By adopting the oven plan, we shall hardly find that
there are any advantages gained ; but contrariwise
the retorts, instead of lasting longer, were two-
thirds of them burnt out in less than two months,
owing to the lower ones being placed immediately
over the fire, from the action of which nothing was
placed to guard them. Their form precluded
every hope of carbonization being accomplished
in less time than by others of a cylindrical shape ;
and as to the per centage at which carbonization
was carried on, what could be expected, when,
after the retorts had been in action about six
weeks, it was necessary to keep- up. twelve fires
to enable the stokers to work as many retorts?
The twenty retorts set on the oven plan, of which
I have just been speaking, were erected about
Christmas, 1817, since which time I have had op-
portunities of making very extensive observations
upon retorts set on that plan; but the results
arising from them are not such as would induce
me to set cylindrical retorts at any manufactory
of coal gas of which I might have the management
on that plan. I am here to remark, that although
Mr. Rackhouse appears to have been the first
person who did actually set retorts in ovens, yet
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to Mr. John Malam, engineer, in the employment
of the chartered Gas-Light Company, at their
works in Peter-street, Westminster, very great
credit is due, for having submitted to the Directory
of that Company, without any knowledge of what
Mr. Rackhouse’s plan was, one of his own for
heating retorts in ovens, but which in point of
advantages very much exceeds the former. Vari-
ous have been the alterations made by different
workmen in the fire-work to the retorts since the
oven plan was adopted, but hitherto most have
failed in remedying the very serious evils which
must arise from their rapid destruction. Here-
tofore'a retort of the same shape and dimensions,
when constantly used night and day, lasted from
eight to ten months; but, on the oven plan, the
retort seldom remains in a working state more
thap as many weeks. Indeed, so great has been
the desire of making this plan answer, that it has
been tried almost under every bearing ; and whilst
some attempts have promised to answer, others
from which much had been expected have failed
so far as to cause the retort to be entirely de-
stroyed in three or four days. By referring to
what has been already said on the subject of ecir-
cular or cylindrical retorts, we shall observe that
but little improvement has been made in the mode
of setting them. The plans recently adopted have
only led to a more rapid destruction of the retort,
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and consequently to increased expenses; whilst
from its shape the manufacturer cannot expect
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drical retorts, it may not be improper to notice
the rotary retorts of Mr. Clegg’s invention. In
doing so, we are to observe that Mr. Maiben, of
Perth, -inivented a retort for distilling coal by
exposing it to the action of heat in thin strata.
From his experience he learnt that the gas evolved
during the first part of the process of carboniza-
tion was of too aqueous a quality to be fit for
combustion, and that evolved during the latter
part thereof was so strongly impregnated with
sulphur as to be highly objectionable. To re-
medy those evils, he considered that if the coal
was spread in thin layers in the retort, the action
of the heat thereupon would be more instantaneous;
consequently, the bad gas, evolved in’ the begin-
ning and towards the end of the process, might,
by means of a valve, be prevented from entering
into the gas-holder. The retorts he made use of
" were of a square shape, and of a size sufficient to
carbonize twenty-five pounds of coal, when spread
in a layer of about two inches deep. The coal
was introduced into the retort by means of a
sheet-iron box, which was charged and slided in
whenever the gas was extracted from the former
charge, which, under such management, was ge-
nerally accomplished in two hours. But this
description of retort being much too small to be
serviceable in large establishments, led Mr. Clegg
to construct a retort of sufficient capacity for
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carbonizing about one chaldron of coals per
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-heat, and five others ready for being withdrawn
from the retort. Had not the expense of erecting
retorts of this description been very considerable,
and the wear and tear enormous, they would
doubtless have been adopted in that establish-
ment where they were first tried; but both were
so much against them that every idea of using them
was there entirely relinquished. It is but justice
to state, that those retorts produced gas at the
rate of upwards of fifteen thousand cubic feet per
chaldron (twenty-seven hundred weight) of coals;
that carbonization was carried on at about sixteen
or eighteen per cent.; that the increase of coke
on coal, carbonized, was at the rate of fifty per
cent. ; and, that the process of carbonizing, under
those circumstances, was accomplished in about
six hours. During the time these retorts wete in
action, I had an opportunity of observing that the
statement of Mr. Maiben, which appeared so
reasonable, was verified in practice, even on a
large scale; and from thenee learnt that the more
rapidly the decomposition of coal is effected, ex-
actly in the same ratio we are to expect an in-
crease in the quantity of gas genmerated from a
given quantity of coal: for, wken cylindrical
retorts, charged with Bewicke and Craster’s
Wallsend coals, were worked at a low tempera-
ture; and, at six hours’ charges, were producing
but about eight thousand or nine thousand cubic
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feet of gas, per chaldron, the rotary retorts were
producing from fifteen thousand to sixteen thou-
sand cubic feet of gas from the same quantity of
coal ; three-fourths of which was evolved in one-
third of that time.

The distillation of coal when exposed in thin
strata to the action of the fire, having been proved,
by very extensive experience, to be the most
beneficial to the manufacturer, as far as relates:to
the products obtained ; therefore, if the expenses
of setting retorts proper for such process, and
keeping them in repair, could be accomplished at
any thing near the sum requisite for warking
those of cylindrical form, it would but be natural
to expeet to see the mede adopted: but, as re-
torts for that purpose, of the dimensions men-
tioned by Mr. Maiben, were much too small for
extensive manufactories, and the rotary one so
very expensive, it was not probable that either
would be brought into general use. To over-
come the difficulties arising from the use of
retorts, such as I have just mentioned, Mr.
Malam (of whom I have before had eccasion to
speak) proposed that elliptical retorts should be
adopted, their length being about six feet. six
inches, their transverse diameter twenty inches,
and their conjugate diameter ten incbes. . From
retorts of such shape there was every probability
that the results, as far as related to the gquantity
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of gas and coke obtained from a chaldron of coals,
would be very similar to those from the retary
retort; whilst the expense of setting them was
but little more than would have been incurred
by setting an equal number of cylindrical retorts,
and not near so much as it would require to set
such number as would carbonize equal quantities
of coals in equal times. The elliptical retorts
had, however, one great advantage over the cylin-
drical ones,—they were worked off in half the
time; and five of them in action, worked with
one bushel and a half of coals to each, during a
four hours’ charge would produce as much gas in
4 day as ten cylindrical retorts worked at eight
hours’ charges with two bushels to each retort
every charge. The elliptical retorts on which my
observations were made, were set in an oven and
heated by one fire. They heated remarkably re-
gular, and I can have no hesitation in declaring it
to be my belief that these retorts would have
lasted ten or twelve months had they been con-
stantly used during such period ; for, after being
ninety-four days in action, and constantly at a
bright red heat, it became necessary to remove
them to make room for part of a new building.
They were then taken down, but so little injured
by the fire that two out of the five were but
barely discoloured, and the remaining three not
fallen out of shape. At the very time that these
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retorts were in action, cylindrical retorts, set on
the oven plan, were almost always entirely burnt
out in less than two months.

Having spoken rather at length upon the cylin-
drical, rotary, and elliptical retorts, I shall make
a few observations upon the semicircular and
square ones; and, having done so, describe the
different modes of setting retorts, as exhibited in
Plates 2, 3, and 4. I shall afterwards give a
table exhibiting at one view the advantages and
disadvantages arising to the manufacturer from
the use of each kind of retort, and with that con-
clude this Chapter. The semicircular retort, from
its form, is likely to answer the manufacturer’s
purpose, if set with judgment, next to the rotary
and elliptical ones; that is, as far as the genera-
tion of gas and the production of coke are con-
cerned ; but, from its shape, its durability cannot
be expected to be equal to the latter. The action
of the fire upon the lower edges will very soon
destroy it; for, it must be obvious, to any one at
all acquainted with fire-work, how very powerfully
the flame strikes upon any angular points. This,
in the elliptical retort, is, of course, done away
with, whilst the advantage arising from its shape
is retained.

The square, or parallelopipedal, retort, is twenty
inches in breadth, thirteen inches high, and six
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feet long, inside. It has a rib cast along the
middle, on the inside of that part which is, when
set, the bottom. This rib rises to the height of
three inches, but does not approach nearer to the
mouth-piece than about eighteen inches. It is
for the purpose of strengthening the bottom of the
retort, and preventing it from falling out of shape;
but, when we consider the mode in which square
retorts are set, it will not appear to be necessary.
These retorts, when set six in one bed, and that
number heated. by one fire, are placed close along-
side each other. The fire-place, being at one end
of the range, is so contrived as to admit of the
flue being carried under the whole range towards
their mouths ; it is then breught over the top, of
them, and again under and over in the like way,
previous to its being allowed to enter into the
main flue. Under this arrangement, square re-
torts, weighing about thirteen hundred weight,
being set and worked at six hours’ charges, with-
one bushel and half of coals to each as one charge,
at such a heat as causes ten thousand cubic feet
of gas to be generated from a chaldron of Bewicke
and Craster's Wallsend coal (twenty-seven hun-
dred weight), are found to remain serviceable one
year. The carbonization is, when they are once.
brought to a working state, carried on at about
twenty-five per cent.; but they require to be
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fired for a fortnight or three weeks before they
are at a proper temperature for carrying on that
process.

The retorts themselves do not fall out of shape
more than cylindrical ones; indeed, from several
which I examined that had been in constant action
from ten to twelve months, I could not observe
that any of the sides had fallen in, and the tops
of them appeared very little injured.

The disadvantages which attend the use of
those retorts are, first, that they are more expen-
sive in the first instance than cylindrical ones:
secondly, the length of flue passing under and
over them being extensive, and of but small
dimensions, it frequently becomes choked up,
and requires, for clearing it out, various openings.
When, therefore, it is found necessary to examine
those flues, it generally happens that the heat of
the retorts is very considerably decreased; and
when we consider the time requisite for heating
them in the first instance, we must be aware that
such a diminution cannot be overcome but by a
considerable expense of fuel, and carrying on the
process very unfavourably and imperfectly.
Lastly, when the retort is burnt out, the cost of
replacing it is nearly equal to the first cost of
setting; whilst in using cylindrical ones, a retort
is generally replaced for about three-fifths of its
first cost.
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I am here to notice, that, on the 5th of August,
1817, a patent was obtained by Mr. John Perks,
now in the employment of “ the City of London
Gas Light and Coke Company,” for arrangements
of gas apparatus, of which I shall speak under
their proper heads. Since commencing to write
this Chapter, I have been favoured by the
patentee with a sight of the various drawings
described in his specification; and, amongst the
rest, with the different sections of his mode of
setting retorts. His arrangement is such as to
cause thirteen retorts, each capable of carbonizing
a bushel and a half of coals in six hours, to be
heated by one fire. :

The retorts are so placed, that, when the ob-
server stands in front of them, twelve of the
number form a circle round the thirteenth, which
is cylindrical, the centre thereof occupying the
position of the common centre of the surrounding
ones. The shape of these retorts will be best
understood by supposing two circles struck from
the centre of the mouth-piece of the thirteenth
retort; the inner one forming one side of the
series of twelve, and the outer one the other. If,
then, either of these circles be divided into twelve
equal parts, and lines drawn from the inner to
the outer circle, radiating from their common
centre, the transverse vertical section of them:
will be exhibited. It is evident, that, under this
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arrangement they form a complete circle of large
diameter. The mouth-pieces are formed like
those which are used with the square retorts (as
described Plate 2d, Fig. 5), and, of course, the
conducting pipes and H pipes leading to the
hydraulic main, are nearly similar to those used
for either cylindrical or square retorts. The fire-
place isin front of these retorts, and as they are all
enclosed in a circle of brick-work, which is divided

=

into four equal parts by fire lumps laid horizon- -

tally, and so brought out of the circle as to be in
cqntact with the adjoining retort; and that part
which is between the central retort and the others,
being divided in a similar way, the action of the
fire is under three, and then, turning over their
ends, it comes over them towards their mouths,
where it finds an opening leading above the next
three; and, passing their ends downwards; it is
brought towards the mouths a second time, and
so on in like manner, till it has traversed round
the whole series, when it passes-into theé main
flue. o

Wherever the manufacturer may be led to pre-
fer the mode of carrying on the distillatory pro-
cess by submitting his coal thereto in masses,
before that of exposing it in thin strata, I should
apprehend that the retorts of which I am now
speaking would be found to answer his purpose
better than either the cylindrical or square ones.

K
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There can be little doubt but carbonization would
by them be carried on at less expense, and the
deterioration of the retorts themselves decreased
in a similar ratio. For, if we consider the dimen.
sions of the circle by them formed, and. the uni-
formity with which the flame acts through the
‘flues, we must set it down, as consonant to reason,
that their durability will be equal to, or greater
than, cylindrical ones, when set on the flue plan
and two are heated by one fire.

Perhaps I may be considered premature in
thus giving an opinion on retorts which have npt
yet been tried. In doing so, I most unquestion-
ably deviate from the track pursued by some
writers, who seem fearful to hazard theirs, and
averse to speaking of any thing till experience has
stamped its merit: but it would appear that he
who follows such a line of reasoning must be a
very child in science. We know that like causes
produce similar effects; and if we reason from
causes, the deductions drawn will not only be
philosophical but true. In speaking thus I would
have the reader to understand that I am not ac-
tuated by any self-interested motives; but, having
in the introduction to this work pledged myself
to speak candidly of the inventions of ingenious
men, I take this opportunity of doing so. ‘
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Description of the Method of -setting lwo cylindrical
Retorts on the Flue plan, so-as-to be heated by one
Fire, as exhibited in Plate 11, Figures, 1,2, and 3.

-. Figure 1 .wépre'sents ‘a front view of two retorts
set t0 one fire on the flue plan.. I it the manner
in which the -conducting pipes- are connected to’
the retorts is exhibited : these lead to the hy-
draulic main in-a similar way to what is shewn in
Figures 1 and 3, Plate III.. c

Figure 2 is a vertical section of the same retorts,
supposed to be drawn about midway of their
lengths. In this section a represents the end of
that part of the flue leading from the ‘fire under
the lower retort which rises near the mouth-piece
thereof through the openings $ 4, and, passing-be-
tween the two retorts, rises over the ¢nd of the
upper one; ‘and, being brought over the tép of it,
by mreans of #n opening ¢, abeut nine inches from-
the mouth-piece, enters the upper flue and thence
passes into the main one. d'd 4 are end: séctions
of the fire-tiles; on the two lower lines of them the
retorts are supported; and.the upper one forms
the basé of the top flue. ’

- Figure3 exhibits a longitudinal section of these
retorts. In it, ¢ is the ﬁre-place, b a-section of
the fire-bars, and ¢ the ash-pit. The direction
taken by the flue is pomted out by small
arpows.

K 2
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Description of the Method of setting six parallelo-
pipedal Retorts, so as to be heated by one Fire, as
exhibited in Plate 11, Figures 4 and 5.

Figure 4 represents a transverse section .of pa-
rallelopipedal retorts, in which six are heated by
ong fire. These retorts are twelve inches square
inside, and six feet in length. The fire-place a
with the ash-pit 4 is placed at one end of the
series, but so as when the observer stands in front
of the retorts he shall be in front of the fire-place
also. Under this arrangement, the retorts 1 and
6 heat the best and 5 the worst. If the reader.
compares the situation of the flues, as exhibited
in Figure 5 of this Plate, he will observe that there
are four which communicate with the fire-place.
These are divided by lumps laid edgewise across.
the whole series of retorts, forming the flues
marked d d d d, Figure 5. This range of flues is.
covered by fire-tiles, and upon them the retorts.
are placed close alongside of each other.. Over-
the top of the retort is a range of flues eeee, which .
corresponds with the lower ones, and these are.
covered with fire-tiles and a course of fire-bricks..
Upon the latter is a third series of flues of abont
two-thirds the depth of the former ones, and these .
rise by the opening f, Figure 5, into the main flue. .
In Figure 4 the transverse direction of the flues is .
shewn by the arrows leading from the fire-place. .
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The mouth-pieces of these retorts are circular, as
shewn upon retort 6.

Figure 5 represents a longitudinal section of
these retorts; in which the flues and action of
the fire have already been described. A is the
retort, a the fire-place, 4 the ash-pit, and ¢ the
fire-bars.

Description of the Method of setting five cylindrical
Retorts in one Oven heated by three Fires, with Sec-
tions of the hydraulic Main and Dip-Pipes, as ex-
‘hibited in Plate 111, Figures 1, 2, and 3.

' Figure 1 represents a front view of the re-
torts AAAAA, as set and in a finished state. In it
the two upper retorts are shewn without the lids
of their respective mouth-pieces: the two outer
lower ‘ones with the lids on, but without their
being secured by the cross-piece shewn upon the
middle one. The bed of these retorts is supported
by an arch of brick-work marked BB. It is
brought so far forward as to allow room enough
for the stokers to charge and draw the retorts, and
for a sufficient quantity of coals to be kept for sup-
plying two or three charges, with fuel for present
use, luting, tools, &c. Immediately in front of
the retorts is introduced, instead of part of the
key-stone for the arch, a cast-iron frame of about
three feet and a half long and two feet broad at
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the top, with an iron door fitted toit. The bottom
of the frame is struck to the radius of the arch,
and of course the sides taper inwards in propor-
tion to that radius. The situation of the opening
is expressed at C. This opening is for the pur-
pose of allowing the red-hot coke when drawn
from the retort to fall into the archway at D.
aaa, the doors of the fire-places, bbb the doors of
the ash-pits, .These doors are furnished with
three perpendlcular slits of about two- thirds their
lqr;gth and five- elghths of- an inch in diameter for
all§wing a-current of air to pass to the fires. The
dimensions of these ‘slits can be decreased by
anoth_er piece,. made with openings te correspond,
which slides hotizontally in grooves in a line with
them, so as to regulaté the admission-of air to such
a degree as the operator may-desire. cccec -are
the conducting pipes which eonvey the gas as it is
evolved from the retorts towards the hydraulic
main. ddddd front sections of the H pipes.
eeece, front sections of the dip-pipes, with- the
saddles through which they are bolted to -the
hydraulic main.. E the hydraulic main, F the
main pipe for conveying the gaseous and other
products evolved towards their respective re.
servoirs, GGGG cast-iron columns fitted with
crutches at the tops of the upper ones for support-
ing the hydrauhc main.

Figure 2 is a section of the same retorts,
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which supposes them to be cut through from the
top to the bottom about the middle. * In this
section the hydraulic main, dip, and conducting
pipes, are not shewn. AAAAA the retorts.
aaaaaa, such part of the arch forming the oven
and brick-work contiguous to the fire-places, all
of which require to be constructed of Welch fire
‘and arch bricks. The crown of the oven is flat-
tened by means of Welch fire-tiles as at 4. At
the extreme end of the oven are two openings,
which lead into the two small flues cc. These
flues pass above the top of the oven towards the
front of the retort, and then each turns towards
the centre flue d, which having entered, that one
leads towards the main flue H, which it enters
- through the opening e. fff are the fire-places,
and ggg the ash-pits. khk are fire-lumps placed
beneath the lowermost retorts for protecting
them from the action of the fire. The two upper
retorts are supported near their middle by
wrought-iron belts, which are brought through
the upper part of the oven, and passing through a
cast-iron bearing bar placed above it, are secured,
by means of nuts, in the situation wanted.

When the oven-plan was first introduced, the
‘retorts were supported by cast-iron props bedded
in the brick-work, crutch-shaped at the top. and
rising to a proper height to receive them. They
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are not now used, and therefore not shewn in the
plate.

Figure 3 is a longitudinal section of cylin-
drical retorts set on the oven plan. AA are the
retorts, the mouth-piece of the lower one being
secured by the lid and cross-piece ; the upper one
is shewn without the lid. f'is the fire-place, with
the position of the grate-bars. g is the ash-pit.
The action of the fire is the same in this section as
has already been described by Figure 2 : the flame
having exerted its force in the oven, rises by the
opening shewn at the extreme end of the retorts,
and passes along the flue towards their mouths till
it comes to d, when it enters the middle flue lying
parallel to the flue ¢ ; that leads into the rising
part ¢, and thence into the main flue H. £ is the
conducting-pipe which conveys the gaseous and
other products from the retorts to the H pipe i,
and that carries them into the dip-pipe k, which
enters into the hydraulic main E. In this section
of the hydraulic main, the fluid by which the dip-
pipe is sealed is shewn as at /, through which the
gas bubbles up as it is evolved, and passes along
the upper part of the hydraulic main towards the
main pipe F (as shewn in Figure 1) on its way. to
the condenser. The hydraulic main is supported
in this section in a similar way to what was shewn
in Figure 1'; but instead of a brick arch for sup+
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porting the floor in front, m is one of a range of
beams for supporting a cast-iron floor. = is the
~opening for allowing the coke when drawn from
the retorts to fall on the floor o. This opening is
covered by an iron door, which is closed at all
times save when the retorts are drame'

Description of Mr. John Malam's Method of setting
Five of his Elliptical Retorts in one Oven heated
by three Fires, with Sections of the Hydraulic
Main and Dip-Pipes as exhibited in Plate IV,
Figs. 1,2, and 3.

Figure 1 represents a front view of the re.
torts, as set and in a finished state. The arrange-
ment of the retorts, hydraulic main, dip and H
pipes, being nearly similar to that described in
Plate III, a repetition of description is not neces-
sary here : we shall, therefore, only describe such
parts as differ from the former mode of setting.
In front of these retorts is a cast-iron plate AAAA,
against which the flanch of ‘the retort rests. At
each corner of this plate is a hole for receiving a
bolt. This passes through the brick-work to the
back of the retorts, which is supported by a plate
of similar dimensions to that in front, cast with
openings opposite the end of each of the retorts.
These openings are secured by plugs, which are
removed when it is requisite to replace a retort
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that may be worn eut. In it are also openings
for the sights. The bolts stated to pass through
the front plate pass through this also, and both are
secured together by screwing up their respective
nuts.. Under this arrangement, and by a con-
trivance described hereafter, when speaking of
Figures 3 and 4, Plate V1I, it is not necessary to
disturb any of the brick-work, when, from a retort
becoming ineffective, it requires replacing. - The
fires for heating these retorts are placed at their
back. ., - ,

Figure 2. Is a section of the same retorts
which supposes them to be cut through from the
top to the bottom about the middle. aa« are fire-
lumps placed edgewise so as to divide the distance
between the exterior lumps bb into three equal
parts corresponding with the fire-places. ccc are
the ends .of the arches over the respective fire-
places as they meet the dividing lumps aa. ddd
are three fire-tiles resting upon the lumps baab;
these tiles form a bridge from one side of the oven
to the other. ee fee is a section of the oven, the
. rising part on each side marked ee being con-
structed of Stourbridge arch bricks, and the flat-
tened part f of Weleh lumps or fire-tiles.. gg are
sections of the two horizontal flues which rise near
the mouth of the retort, and pass towards the
main flue. . L :

. Figure 3. Is a longitudinal section of elliptical
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retorts set on' Mr. Malam’s plan. AA are the
retorts.. ) is the fire-place. ¢ is a section of the
grate bar. The lower edge of this bar is cham-
ferred off and of a circular form. It is of sufficient
depth to allow-the action of the cool air through
the ash.pit to have full effect upon it, thus pre-
venting the very rapid destruction which generally
attends cast-iron grate bars. f is the ash-pit.
a is a section of the lump for dividing the flames
from the different fire-places. . d is a section of the
tiles which form the bridge. The flame acting
under the arch ¢, as expressed in this and the
former figure, passes between the dividing lumps
under the range of tiles d, and there divides itself
in the direction of the two arrows, by this means
causing the' heat to act uniformly in the oven.
The opening flue is expressed at g—it passes
along 4, and rises at'i, preparatory to entering
the. main flue. These retorts are cast with a
cylindrical projecting end, which is received into
the brick-work: they are also supported by-cast-
iron- props (bedded in the brick-work beneath
them) crutch-shaped at the top. . The section of
the hydraulic main, dip, and H pipe, as also of the
floor, is the same as shewn in the longitudinal
section of cylindrical retorts. set on the oven plan,
to the description of which our readers are referred.

As from the smallness of the scale on whick
these sections are drawn, it would be difficult to
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explain the mode adopted by me for removing a
defective retort, I have, therefore, in Plate VII, ex-
hibited it on a larger one, which is here described.
- Figure 3. Is a transverse section of the coup-
lings which surround the retort when it is set.
The face of the couplings is brought close up to
the flanch of the retort.

Figure 4. aa is a longitudinal section of the
couplings, they are wedge-shaped. A is a section
of part of the retort. &b the iron plate in front of
the oven, cast with flanches verging inwards so as
to fit to the couplings when brought to their places
by the flanch of the retort coming close to the
plate. cc part of the brick-work in front of the
oven, so angled off as to allow the heat to ap-
proach as near the mouth-plece as the couplings
will permit.

- When this plan is adopted, it is evident that, by
introducing the couplings nearly to their places,
and bedding them in cement, the bringing of the
retort to its situation in the oven will force them
up, and form a complete joint round it. Onthe
contrary, when a retort becomes defective by dis-
placing the plug opposite to the end, and bringing
a purchase upon that end by means of an iron bar,
(the joint between the mouth-piece and gas con-
ducting pipe being first broken) it will be forced
out of the situation it had occupied and loosen the
couplings. When the retort has been moved about
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a foot, they may be taken away, thus leaving
sufficient room for the retort to pass: it may be
drawn out by a purchase made fast to an eye-bolt
in the wall opposite thereto, and a new one intro-
duced into its place, the whole operation being
performed in two or three hours.

A TABLE, exhibiting at one View the Advantages and
Disadvantages which arise to the Manufacturer from the
Use of different Kinds of Retorts variously worked.

. P Refe-
Refer- Usual Time |Gas produced 'Ceme:ge rm:es
ence to {Durability| Charge in | allowed | from enechal-| at which | to the
ﬂDescrip- in Bushels for  |dron,the retor| Carbo- |Mode of
tion of | Days. | of 84 lbs. |working| being worked | nization | setting
Retort. each. | offone |atabright red| is car- the
Charge. heat. ried on. | Retorts.
Cubic Feet. : .

A 270 2 8 10,000 20 a

A 180 1£ 6 9.000 30 a

A 180 1} 4 8,500 30 - a

A 180 2 8 9,000 25 b

A 120 14 6 8,500 33 b

A 120 1} 4 8,500 35 b

A 180 2 8 10,000 | 25 to 50 c

A 120 1% 6 9,000 do. c

A 120 13 4 8.500 do. c

B 63 2 8 10,000 |16to 40| d

R 42 11 5 9,500 do. d

C 270 14 4 15,000 30 e

D 300 1% 6 10,000 25 S

In the first column of the foregoing table from A
is to be understood that the results expressed in a
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line with that letter arise from the use of cylin-
drical retorts of the dimensions, &c., as hereafter
mentioned, that is to say,

Dimensions.—6} feet long; 1 foot diameter

inside. ~
Weight, cwt. 10:2:0
Price, per ton, £12.

First cost of setting, including retorts,
brick-work, labour, hydraulic main, and con-
nexions, with coke hearth, complete ...... £23

Cost of replacing one that may be worn out 15

Those marked B in the first column are of the
same dimensions, price, and weight.
Those marked C are elliptical and of the fol-
lowing dimensions, &c.: :
Length 6} feet.
Transverse diameter inside, 20 inches.
Conjugate diameter inside, 10 inches.
Weight, cwt. 13:2:0
_ Price, per ton, £13
First cost of setting, including retorts,
brick-work, labour, hydraulic main, and con-
nexions, with coke hearth, complete ...... £25
Cost of re-setting, when the oven in which
they are placed requires to be rebuilt .... 18
Those marked D are parallelopipedal shaped,

and of the following dimensions, §¢.:
Length, 6 feet.

;
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Breadth inside, 20 inches.
Depth inside; 13 inches.
Weight, cwt. 13.

Price, per ton, £12.

First cost of setting, including retorts,
brick-work, labour, hydraulic main, and con-
nexions, with coke hearth, complete ...... £ 21

Cost of re-setting ...... cenenen ceerens 18

The letter a in the last column of the Table im-
plies that the results opposite thereto are from
retorts set on the flue plan, two being heated by
one fire at the back of the retorts.

<~ The letter 4 in the same column,—retorts set
on the flue plan, three being heated by one fire
in front of them.

The letter c,—retorts set on the flue plan and
four being heated by one fire at the side opposite
to their mouths. ’

The letter d;—retorts set on the oven plan, five
being heated by three fires immediately beneath
the front of them.

The letter ¢ implies that the retorts are ellipti-
cal and set on Mr. Malam’s plan, five being heated
by three fires at the back of them.

The letter f relates to parallelopipedal retorts,
twelve being set in one bed and heated by two
fires ; the flues passing under and over six retorts
from each fire.
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When cylindrical retorts are set two to one fire,
so as to produce, when worked at a bright red
heat in the proportion of 10,000 cubic feet of gas
to a chaldron, if the temperature be decreased
they will not produce much more than 8,000
cubic feet to the chaldron; but their durability
will be extended to twelve months; and such de-
crease- of temperature under any of the arrange-
ments exhibited in the foregoing Table, when
working cylindrical retorts, will cause a propor-
tionate decrease in the quantity of gas generated,
and an increased durability to the distillatory
vessel. '

Whilst cylindrical retorts, worked at a low-
temperature, are producing but 8,000 cubic feet
of gas from a chaldron of coals in eight hours, the
rotary retorts would in six hours produce from
15 to 16,000 cubic feet of gas from' the same
quantity of coal; and the elliptical retort from
14 to 15,000 in four hours. . .

When cylindrical retorts are set on the flue
plan, and four heated by one fire at the back,
should they be fitted with my apparatus for re-
moving a defective one, they would always work
eight hours’ charges of two bushels to each retort
at 25 per cent.,, producing 10,000 cubic feet of
gas to the chaldron; and, when worn out, might
be replaced for about seven pounds each.
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CHAPTER VIII.

On Carbomzatzon, as far as relates to the most beneﬁaai
_ Time for working the Retorts, and the per centage at whick
it may be carried on.

AS on the pursuing a proper mode of Carbomzmg,
the very existence of any gas-light establishment
very materially depends; therefore, the pointing
out such errors as may have crept into the sys-
tem, and giving plans likely to answer the manu-
facturer’s purpose, are subjects of considerable
importance. Inalmost every establishment for the
manufacture of coal gas, experience has pointed
out, to those who had the direction of it, the ne-
cessity there was for- every attention being paid
to the subject; and so numerous have been the
experiments made for the purpose of decreasing
the expenses which arise from the destruction of
the retorts ; for carrying on the process of carbo-
‘nization at a low per centage; and for- obtaining
the greatest quantity of gas in the least possible
time, .and of the best quality; that-it is really
astonishing greater improvements have not arisernt
out of them. '
'As the different shapes of the retorts, with '{he
general results arising from - the use of each, have
“been spoken of in the preceding Chapter, I shall
L
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now confine my inquiries more particularly to the
most beneficial time for working the retorts, and
the per centage at which, in every well-organized
establishment, ' carbonization ought to be car-
ried on, :
* In the early period of thls new mode of obtam-
ing light, it was not at all uncommon to hear of
attempts to decompose coal in such prodigious
;\nasses‘ as would require more than twenty-four
hours to work off one charge. When such was
the case, more coal was used for heating the Te-
tort than the quantity it contained, from which
gas was to be extracted. Retorts of as much ag
twenty inches in diameter have been heard of;
ind the time alluded to is when such were used.

When these were filled with coal, and submitted
to the distillatory process, every one must be
aware that a- considerable time would elapse
before the coal became heated through; and, as
the outer surface would firgt bécome so, it would,
after being decomposed, become so close a coat-
ing to the more central part of the coal in the
retort as to render the passage of the gas from
that part very difficult: and it would follow, that,
although the quantity of gas evolved during the
first two or three hours of the process might be
very considerable, it would hourly decrease, and
so much o, that, during a very considerable time
of the <latter part of the process, there would not
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be so much gas procured as would repay the
manufacturer for the coals necessarily used: for
keeping his retort at a working heat. A system
like this could not be expected to continue for
any length of time: its errors were too palpable
to remain unnoticed. A When it was practised,
such as were conversant in the science considered
that if they could once reduce the expense of
carbonizing to, less than fifty per cent. on the coals
carbonized, further improvement could hardly be
expected. A very few years’ practice has proved
how little was then known of the subject; for, in-
stead of carbonization being carried on at 50 per
cent., it has actually been reduced to as low as 16
per cent., when working retorts on a very exten-
sive scale. This reduction was not, however, all
at once, nor was it altogether effected without in-
creasing the expenses in the wear and tear of
retorts, or, otherwise, by a loss in quantity of gas
pracured from a chaldron of coals. The retorts
have been reduced from the diameter just men-
tioned to about twelve inches, and such are the
most in use :. but, even with :these, it has been
no uncommon circumstance to work at an enor-
mous per centage, as I have before had occasion
to mention, when speaking of the different modes
of setting them. :

It became a question with some, whether the
manufacturer would not increase his profits by

L 2 '
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working his retorts at a lower temperature than
was necessary to obtain at the rate of about
10,000 cubic feet of gas from a chaldron of Be-
wicke and Crastor’s Wallsend coal, the length of
time necessary for the process being accomplished
being eight hours; each retort being charged
with two bushels of coal, and the heat worked at
that of a bright red by day-light. - To ascertain
the fact, numerous experiments were made at
different establishments, and with retorts of dif-
ferent shapes; the results of all which tended to
prove decidedly in favour of eight hours’ charges
in all places where, as in London, the price. of
coal is high.. Where coals were very cheap;
working the retorts at a low temperature, might
answer; but, generally speaking, such mode
ought to be avoided. When it is considered that
by working the retort at a low temperature, not
more than about eight thousand cubic feet of gas
can be expected from a chaldron of the same
coal, which, if decomposed at the higher tem-
perature produces ten thousand, there evidently
arises a loss upon each chaldron,: in the pro-
duction of gas enly, of two thousand cubic feet,
which, in proportion to the light obtainable there-
from, compared with that obtainable either from
oil or tallow could not be had for less than thirty
shillings. Under such circumstances, it will not
be difficult to conceive that even where coals are
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cheap, it is a doubtful case whether it would be.
advantageous to the manufacturer to adopt the-
plan of working his retorts at a low temperature.
For myself, I must confess, when I take the profits
on oneé part, and compare them with the losses on
the other, I am ready to pronounce, that with
cylindrical retorts it will always be the most ad-
vantageous to charge with two bushels, and work
with such a heat as will from a chaldron of coals
(twenty-seven cwt.) give the average quantity’ of '
10,000 cubic feet. :
Whilst experiments were pursumg by some

for ascertaining the above point, others conceived
it would be more profitable to work the retort at
8ix hours’ charges, decreasing the quantity of coals
‘to be carbonized by each retort during one charge
from two bushels to a bushel and a half, or even a
bushel and a quarter. They were led to think
that advantages would arise from such mode of
working, from considering that in the charge of
eight hours, four-fifths of the gas was evolved
during the first six hours of the process; and that
such was in reality the case, the following table,
being the results of numerous experiments made
in the large way under my own observation, will
very clearly demonstrate. It may not be im-
proper to observe, that I was led to make these
experiments during the summer months of 1816,
from having found it difficult to ascertain the
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unity, the cubic feet of gas as therein stated to
pass over during each hour of the charge will be
decimal parts of it.  And it follows that if the
quantity of gas actually generated be known, for
any part of the. process, the entire quantity may
be known also, by dividing that which is known
by the sum of the decimals eorresponding in the
table with the hours on which the observation
may have been made. Thus, for example, sup-
posing such a number of retorts charged as pro-
duced from the beginning of the second to the end
of the fifth hour of the process 6,741 cubic:feet of
gas, to ascertain the quantity produced durmg' the
whole time of that charge.

By refemng to the table, it will be found that,

Cubhic Feet
of Gas.
~ During the 2d. hour of the process, 1495 are generated
: ” 3rd. . » , 1387 »
» 4th' » b 1279 ”
” 5th. T ,» 1189 ]

Their sum , 5350 in this case will

be the divisor. '
Then 6,741 =, 5350 = 12,600 the gas produced.

But to return to the subject of profit expected
to arise from working the retorts at six hours, oz
shorter charges, however plausible it might appear
in theory, when it was brought into practice an
entire failure was the consequence. That a greater
proportion of the gas is evolved during the first
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part of the process, the table T have just given
will explain—and from it almost every one, who
" had not an opportunity of convincing himself to
the contrary by actual experiment, would consider
such mode adva'ntageous It is now my busmess
to shew that it is not so. ~ - ’

When working eight hours’ charges, one chal-
dron of Bewicke and Crastors Wallsend coal
(the retorts being at a bright red heat) .will pro-
duce 10,000 cubic feet of gas; and wheén working

‘8ix hours’ charges, the retorts being at the same
" “heat, one chaldron of coals of the same quality
does not, as appears from the resilts of at least
forty experiments made in the large way, yield
more than about 8,300 :—therefore, supposing
eighteen retorts should be worked for one day at
eight hours’ charges, they would produce 30,000
cubic feet of gas. To produce the like quantity
of gas by working six hours’ charges, four more
retorts would require to be worked :—for eighteen
heing worked at six hours’ charges could not in
that time carbonize more than three chaldrons of
coals ; nor, with the same heat as that used in the
process of eight hours, produce more than 24,900
.ubic feet of gas—it being found necessary to de-
crease the quantity of the charge in proportion to
the ‘time for carbonizing; and when these short
charges, of which I am now speaking, were
worked, more than a bushel and a half of coals
was never submitted to the distillatory process in
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one retort at one time. That small quantity of
coal was not, however, well carbonized, nor was
the increase of coke on coal carbonized near so
great as when working eight hours’ charges. The
coke was not so good, it was more subject to
waste and unfit for many purposes to which other
coke was applicable. ‘

- To point out the disadvantages arising. from
working six hours’ charges, I do not know that I
can'adopt a better method than that of stating the
actual expenses of coals, &c., and products ob-
tained therefrom when working six hours’ charges
during one week, and comparing the results with
those given when working the retorts at eighthours’
charges, so as to obtain a like quantity of gas.

Distillatory Process. Six Hours.

REerorT A.
3 COALS. - @AS.
WEEK. £ . Proportion
2 Snbm;:led Used for obtained
DAY. g Distglltnt%ry heating the || Produced. |from 1chal-
_ K] Process. Retorts. dro;’ ::’ o:.)al,
No. || Ch. | Bu. }| Cb. | Bu. || Cubic Feet. | Cubic Feet.

24 || 94,987 8,768
8 | 128,597 8,784
8 || 182,188 8,381

26 || 131,176 | 8,373

32 || 127,696 7,981

20. || 127,536 7:971

4 || 105,487 8,002

14 || 857,667 | 8,300

Monday....|l 87 | 10| 30
Tuesday....|| 88 || 14} 24
Weduesday (| 88 | - 14] 24
| Thursday ..[ 94 | 15 24
Friday .....[l 96 | 16] o
Batgrday ...]| 96 16 o.
Sunday ....} 96 || 15| 18

6 OQQQQQ#

108] 12.
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‘ Ezpénditure. \
103 ch. 12 bu. B. & C. Wallsend o
coal carbonized at 51s. 6d. ...... £266 1 8

43 ch. 14 bu. Hartley’s coal used for
heating the retorts at 42s. perchal. 91 2 4
Wages of two additional Stokers (not
required had the retorts been
worked at eight hours’ charges) at

- 36s. each per week ......... .. 312 0
o Total Expenditure £360 16 0
Products.

Coke, 103 ch. 12 bu. at 27s. perch. £139 12 0

Breeze, 6 ch. 9 bu.  at 18s. ‘ 512 6

Tar, 73tons - . at£8. perton 62 0 0
g\mmomacal hquqr, l 864 gallons at :

-.3d. per gallon ' ..ooviiuinnsn 23 6 0

Gas, 857,667 cublc feet at 15s. per ;
 thousdnd ...reeecececieosc... 643 5 0

n—————— p—Y

:Tptal for Products £873 15 6

Here the amount of expenses of fuel, coals,
4., for .procuring 857,667 cubic feet of gas is
£360 16 0—the products invalueare £873 15 6,
and the average proportion of gas obtained from
one chaldron of coals 8,300 cubic feet.
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Distillatory Process, Eight Hours.

RerorT B.
.;s; COALS. GAS.

WEEK. £ - P ;
DAY g‘ S“&“:ﬁ;e" I..Used foll; Produced f;gri'::in
© || o |t T i oo

rocess. ) 97 cwt,
1 xo. 1 cb. | Bu. || cb. | Bu. || cubic Feet. | Cubic Feet.
Monday....|| 57 || 9] 18] 2|13 ] 94,987 | 10,000
Tuesday ....]| 77 || 12 | 81 || 3| 8 | 128,597 | 10,000
Wednesday (| 73 || 12 | 8 3| 21| 122,188 | 10,000
Thursday .. 79 || 13| 4 "8 1104 181,176 | 10,000
Friday .....|[ 76.]| 12|27 | 38| 7 127,696 | 10,000
-Saturda g7\ 12127 's.| 6| 127,586 | 10,000
Sunday ....[| 75 || 12| 20 || 8} 6 || 125487 | 10,000
85|27 | 21| 16 || 857,667 | 10,000

E.zpenditure.

85 ch. 27 bu. B.& C. Wallsend coal,
carbonized at 51s. 6d. per chal. £220 16 l;
21 ch. 16 bu. Hartley’s coal, used
for heating the retorts at 42s. per . ,
chaldron ........coocoenene 45 1 8

Total Expenditure £2656 16 9}

N
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~ Products.

100 ch. of coke, at 27s. per ch... £135 0 o
3 chal. of breeze, at 18s. ,, .. 214 0
6 tons 8 cwt. of coal tar, at £8. per

 71) 1 S ceenaens ceees 081 4 O
1,536 gals. ammoniacal llquor, at 3d. .
f pergallon ............ ... ..., 19 4 o
857,667 cubic feet of gas, at 15s. per
" thousand «......evveveenne... 648 5 O

thal for Products £851 7 0

. From the result of thls process, it appears that
at the expense of £265 16 9& the value of the
products is £851 7 0.’

By comparing the two preceding reports, the
reader will observe that the same quantity of gas
was generated each day, notwithstanding there
were fewer retorts in use and less coal carbonized
by Report B. than by Report A:—and that the
expense of fuel for heating the retorts in uge, when
the distillatory process was extended to eight
hours, was considerably less ; and the proportion
of gas, obtained from a chaldron of coals in such
case, greater than when that process was only
continued six hours.
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Now if from the products per Report A,
£873 15 6.
we take 851 7 O the prodlIcts per Report B,

the g;‘f:"'} 22 8 6 which being substracted

from the difference between the expenditure, as
specified in the reports alluded to
thus, Report A. £360 16 0
B. 26516 9}

Difference 94 19 2}
less 22 ;8 6

leaves  £72 10 84 as a balance
in favour of working eight hours’ charges for one
week, and producing a like quantity of gas as had
been obtained by working six hours’ charges.
Thus, having compared the quantity of coals
actually used when working six hours’ charges,
with what was used to produce a like quantity of
gas from eight hours’ charges, I shall next point
out, in Report C, the quantity of gas generated
when working the same number of retorts at eight

hours, which had been worked at the process of
six hours.
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Eight Hours Process.
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Products.
Coke, 124 chaldrons, at 27s. per
"~ chaldron ................£ 167 8 0
Breeze, 4 ch., at 18s. per ch. .. 3 12 0
Tar, 8 tons, at 87. per ton ...... 64 0 O
Ammoniacal liquor, 1,945 gallons, -
at 3d. per gallon.......... 24 6 3
Gas, 1,070,000 cubic feet at 15s. : -
per thousand ............ 802 10 O
Total for products £1,061 16 3
- = — —— —— — —— ]
' Recapftulatioﬁ,

Products, per reportC ..£1061 16 3
Ditto : d‘lttO A, 873 'I5. 6 "
B Dlﬁ'erence & 18 0 9

Expendiiure, per report‘A, £360 16 0
Ditto ditto - C, 331. 14 0

Difference £29° 2 0

' From the above recapitulation, it will appear
that by working equal numbers of retorts at six and
at eight hours’ charges, the balance is consider-
ably in favour of the latter; for, from the foregoing
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statements, there appears to be on the latter an
increase of products amounting to
£188 0 9
obtained at 29 2 Olessexpense

icso :szglﬁit:yofthere§£2l7 2 9 in favour of
working the retorts, as specified in report C, over
that shewn in report A ; and in such proportion,
let the number of retorts worked be what it may,
an advantage will always be gained by working
cylindrical retorts at eight hours’ charges in pre-
- ference to adopting the shorter process.

After the reader’s examining the reports A, B,
and C, it will not be necessary to say much more on
the subject of decreasing the time for working off
 one charge of the retort; for, as these reports
are the results of experiments made by me,
with great care and attention, they shew more
than can be done by any mode of argumentation.
However, if we refer to reports A and B, and
pursue our calculations a step further, we shall
find greater advantages arising to the latter; for
it has been proved that when retorts are worked
as specified in report A, they do not last more
than about two-thirds of the time that they re-
main serviceable when worked at the eight hours’
process. This more rapid destruction of the re-
tort arises principally from the necessity of work-
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ing it at a higher temperature than would be
required were it otherwise worked ; for, unless it
be kept almost at a white heat, in the shorter pro-
cess, the frequent charging and drawing so cools
the retort as would, were it not kept so, render it
altogether unqualified for carbonizing the.coal in
so short a‘period. :By thus keeping up the fires,
the grate-bars are  more rapidly worn out:also;
and the destruction of every part of the fire-work,
very much augmented.

The following statement is made for the pur-
pose of bringing before the reader the annual
balance in favour of working eight hours’ charges
over those of six hours, when it is required to
produce the average weekly quantity of 857,667
cubic feet of gas by either process.

At page 157 the balance in favour of workmg
eight hours’ charges, for one week, over those of
six hours, the quantity of gas, as above-mentioned,
being produced, is 72/. 10s. 83d. ; or; at the rate
of 3,771.. 16s. 10d. per annum. This balance is
for coal, products, and labour.

The first cost of setting one retort on the flue
plan, four being heated by one fire, including pipes
to the hydraulic main, coke-hearth, &c., complete,
is 231, or 92/. for a series of four.

The cost of replacing a retort is about 15/, or,
at the rate of 60/ for a series of four.

M
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By the six hours’ process it would re-
quire eighty-eight retorts to be kept con-
stantly at work to produce 857,667 cubic
feet of gas per week. Retorts so worked
would not, at an average, remain serviceable
more than four months; consequently, 264
would be burnt out in a year: the cost of
replacing each being 15/. amounts to ....£3,960
Wear and tear of grate-bars.......... 140

£4,100

By the eight hours’ process it would re-
quire seventy-six retorts to be kept con-
stantly at work to produce 857,667 cubic
feet of gas per week. Retorts so worked
would remain serviceable six months, con-
sequently there would be but 152 burnt
out in a year: the cost of replacing each

being 15/., amounts to ............ ....£2,280
Wear and tear of grate-bars.......... 80
£2,360

Balance in favour of the eight hours’
process, as far as relates to wear and tear
of retorts, fire-bars, &c., .............. £1,740
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Now, fhe balance for coal, pro-
ducts, and labour, being, as already
stated,....... . c.cieiiinnnn ., £3,771 16 10

If to that we add

The balance for wear and tear
of retorts, grate-bars, &c. ........ 1,740 0 O

their sum, £5,511 16 10
is the annual balance in favour of working eight
hours’ charges, when it is required to produce, in
that time, by either process, 44,598,684 cubic
feet of gas.

Considerable as is the advantage gained by the
manufacturer from working his retorts at eight
hours’ charges instead of six, both as it regards
the products, and also the wear and tear of re-
torts, as has been clearly demonstrated; yet,
from an erroneous opinion resting on no well-
grounded principle of sound economy, the practice
of working the retorts at six hours’ charges has
so gained ground that it is now very generally
adopted. Before I quit this subject, it is neces-
sary I should remark that although I have stated
the durability of the retorts when worked at six
hours’ charges, to be four months, which was ac-
tually the case when they were set four to one
fire; yet, from observations made during twelve
months upon retorts set on the oven plan, I find

M2
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their average durability, when so worked, not to
be so much as two months. f

The cause which, perhaps, first induced the
manufacturer to work cylindrical retorts at less
than eight hours’ charges, was a want of room in
the gas-holders equal to the light he had to sup-
ply, which induced him to conceive it better. to
shorten the duration of the process of carboniza-
tion, in order that he might obtain a greater pro-
portion of gas in a shorter time. This, I think,
‘has been proved could not be the case in the pre-
ceding pages; and, if it was not, what other ad-
vantages could he gain? Certainly none. In-
stead of his obtaining a greater quantity of gas in
a given time, from equal numbers of retorts, when
worked at six, than could have been, had he
worked them at eight hours’ charges, he could
not possibly obtain so much, and, what was still
worse, the least quantity was obtained at more
expense than the greatest. v

We shall presume that on all occasions where
cylindrical cast-iron retorts are used, the eight
hours’ process is the most advantageous, and.
reason must point out how far any other lessens
the profits of an establishment.

Were it requisite to go into calculation" upon~
the different modes of working the retorts, taking
the results of experiments made at different
times' and under various circumstances as data,;
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it might be most clearly proved how much i all
cases the longer process excels the shorter.

In order, in some measure, further to elucidate
this point, I am to observe, that, whenever pit-coal
is to be submitted to the process of distillation,
the time for the process cannot be shortened to
less than eight hours, unless we have the means
of exposing the coal to the action of heat in thin
strata,—say four inches; and, when coal is so
exposed in cylindrical retorts, that retort which,
when worked at the eight hours’ process is capa-
ble of carbonizing two bushels of coal would only
carbonize about three-fifths of a bushel. The
segment of a circle, whose altitude is four inches
and chord eleven inches and a quarter, bearing
such proportion to the capacity of the retort, the
diameter of which is about twelve inches. We
are told by those who have the management of
carbonizing in different manufactories, that when
the six hours’ process is adopted, the charge is
from a bushel and a quarter to a bushel and a
half. In such case the mass of coal is by no
means sufficiently diminished so as to cause the
process to be performed with advantage. When
the retort is so charged and worked, the heat
verging from all directions towards the centre, will
meet with nearly the same obstacles to prevent
the extrication of the gas as if it had been fully
charged. | ' - |
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With respect to these shorter charges when
worked off by cylindrical retorts set on the oven
plan, the same arguments which have been al-
ready advanced will hold good in favour of the
eight hours’ process, but with considerably more
weight, inasmuch as the wear and tear of the re-
tort will be proportionably greater. We may,
therefore, from what has been said, draw this
conclusion, namely, that whenever cylindrical re-
torts are used, let the mode of setting be what it
may, the operator ought never to work off his
charge in less than eight hours, and that with such
heat as would produce from ene chaldron of New-
castle coal (twenty-seven hundred weight) the
average quantity of ten thousand cubic feet of gas.

When semicircular or elliptical retorts are used,
either will admit of the charge being worked off in
much less time than can be effected with cylin-
drical ones. For, in using the first, it would be
advisable to intreduce the coal into the retorts by
means of sheet-iron trays nearly of their length
and breadtb, and about four or five inches deep.
By having two sets of trays for the retorts in
action, the time usually lost in charging would be
greatly decreased, as would also the stoker’s la-
bour. By the mode most generally practised, the
raking the ignited coke out of the retort is not
only very laborious, but also attended with mueh
loss of time—both which would be avoided by the
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mode suggested ; for by uging the trays, the spare
ones might be charged with the proper quantity
of coal preparatory to the time for drawing, and
by that means almost the only time occupied in
the operation would be that required for breaking
the joints of the mauth-pleces and making them
good again. ~

Carbonization, when carried on by means of
semicircular retorts, if properly set, has a decided
preference over cylindrical ones :—for, as the great
art of making gas to advantage depends upon ex-
posing coal to the action of heat in thin strata,
such kind of retorts are particularly adapted to
the purpose. They have, however, one disad-
vantage which has not passed unnoticed. The
action of the flame upen the angles at their base
tends towards destroying them with consider-
able rapidity. To guard against such destruction
the angular part has been rounded off so as to
present an arc of a circle to the fire, instead of an
acute angle, and such alteration was doubtless for
the better. Were such retorts-set on the plan of
an air-furnace, in which every part of them eould
be regularly heated without directing the heat
more forcibly against one particular part than
another, they could hardly fail of answering a
very desirable end to the manufacturer of eoal-
gas. From the numerous experiments made on
the distillatory process, on the plan of submitting
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the coal thereto in thin strata, it can hardly be
doubted but retorts of this deseription, if set with
judgment, would remain serviceable from six to
eight months, being charged every four hours night
and day with two bushels of coal each, and worked
at such heat as to produce from a chaldron of coals
the average quantity of thirteen thousand cubic
feet of gas, with an increase of coke (particularly
adapted for parlour fires as well as culinary pur-
poses) of 40 per cent upon the quantity of coal
carbonized ; consequently, that five retorts of this
description would produce as much gas during
the space of twenty-four hours as would require
twelve cylindrical retorts to be worked at eight
bours’ charges with two bushels of coals to each
every charge, or sixteen cylindrical retorts worked
the same time with a bushel and a half of coals to
each retort for one charge.

As what has been said on the subject of car-
bonization when carried on by means of semi-
circular retorts is in almost all respects applicable
thereto when square retorts are used, it therefore
will not be necessary to take up the reader’s time
by speaking of it here.

The next mode of carrying on the process of
carbonization is by means of elliptical retorts, for
which purpose it would be difficult to find a
better. The elliptical retort combines in it the
durability of the cylindrical one with the advan-
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tages obtained by exposing the coal thinly to the
action of heat upon a large surface, and, therefore,
when it is used, the process will be accomplished
" in about four hours. Upon retorts of this descrip-
tion I have had opportunities of making observa-
tions, the result of which leads me to pronounce
such well adapted for promoting the interests of
the manufacturer. Five elliptical retorts are ca-
pable of carbonizing forty-five bushels of coals
per diem, and of generating from that quantity of
coal about seventeen thousand cubic feet of gas,
or at the rate of fourteen thousand cubic feet per
chaldron. From one chaldron of coal, when ellip-
tical retorts are used, will be produced a chaldron
and a half of saleable coke. The elliptical retorts
on which my observations were made, were set
five to one fire, and so well was the heat disposed
of, that from one end to the other they remained,
whilst in action, at a bright cherry redness ; being
kept so night and day for more than ninety days,
they were not much injured—from their appear-
ance, there could be little doubt but they would
remain serviceable nearly twelve months. They
were charged and drawn in the usual way; but,
notwithstanding the charging and drawing was
more frequent, the stokers found it more easy to
work them than a like number of cylindrical re-
torts. Their shape allowed room to rake out the °
coke nfore rapidly than could be.done from those



170 ON CARBONIZATION.

of cylindrical form, and the coke not being so
compact when produced in the elliptical retort,
required considerably less labour to clear it from
thence.

It would be no exaggeration to state the results,
arising from the use of these retorts to bear similar
proportions of advantage over the cylindrical ones
to those stated when speaking of semicircular-
shaped retorts at page 168:—however, as I appre-
hend more favourable results would arise to the
manufacturer by charging elliptical retorts with a
bushel and a half of coals to each, and working
such charge off in four hours, I shall from such
data make a calculation on the number of ellip-
tical retorts necessary to be worked for producing
857,667 cubic feet of gas in one week—the coal it
would require for producing it, and for heating the
retorts—with the products obtained—and, after
having stated the annual cost for retorts and grate-
bars, strike the balance between the most favour-
able mode of working cylindrical retorts, so as te
produce an equal quantity of gas with elliptical
ones, and by retorts of the latter description.
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ELLIPTICAL RETORTS.
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Products.

Coke, 90 chaldrons, at 29s. per ch...£ 99 0 0
Breeze, 5 chaldrons, at 18s. per ch. .. 410 O

This sum being in reality a saving,
arising to the manufacturer by work-
ing elliptical retorts, it must be added
to the products, as above stated; and
we shall then have ............ ...£807 15 0
as the total for products obtained at a cost for
coal of 199/. 1s. 6d., as stated in the preceding

page.
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Now, if from the products per repdrt B,
' £851 7 0
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more than from forty to sixty cylindrical retorts,
six feet and a half long and one in diameter, are
set in one retort-house, a diameter of twelve inches
will be sufficient.

It is generally constructed of flanch pipes in
lengths of nine feet each. One end of it is closed
by a blank flanch so as to be perfectly air-tight,
the other has a semi-flanch placed across it of suf-
ficient height to prevent the liquid introduced into
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the main from sinking below a certain level :—it
is of advantage that similar semiflanches be placed
between every length of pipe forming the hy-
draulic main. These flanches should rise two
inches and a half above the line of the bottom of
the dip-pipes ; by such means the gas as it is dis-
charged from the retort will always have to pass
through such depth of fluid, before it can enter
into the hydraulic main. :

The use of the hydraulic main, as has been
already stated, being for receiving the dip-pipes,
we are to consider what end they may be in-
tended to answer. v ‘

A section of the hydraulic main, with the most
approved dip-pipe, is givenin Plate V. Fig.2. The
dip-pipe is about two feei in length and three
inches diameter inside—at the top is a secket for
receiving another pipe of the same diameter. At
about eight inches from the spicket-end of the
dip-pipe is a circular saddle of about nine inches
diameter, cast to the radius of the exterior surface
of the hydraulic main. This main being tapped
for the reception of such a number of dip-pipes as
there are retorts to work into it, they are jointed
upon it by means of iron cement in the usual
way : when that is done, it is evident that the
range of the spicket-end of these pipes will equally
descend, and, of course, supposing the hydraulic
main to be placed perfectly level, which it always

N
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ought to be, should one of them be immersed two
jnches and a half in any liquid that it may contain,
each one of the range will be so.

Now, when it is considered that if there were
‘not some contrivance for preventing the gas re-
turning from the main pipes towards the retorts,
‘when the mouth-pieces are removed in the ope-
ration of drawing, either by stop-cocks on each
of the ¢ gas conductors,” or other means, the
process would not only be very wasteful, but ex-
tremely hazardous; for, as the gas would be
passing over by means of the conducting pipes to
the hydraulic main, in a range of sixty retorts,
from fifty-two of them, whilst eight were drawing,
it would follow that the whole quantity of gas
:then generating would escape at the mouths of
‘the retorts that had their lids taken off, and burst
forth with such a flame as no one could come
near; if not attended with still more serious con-
.sequences by the admission of atmospheric air
which might cause the most violent explosion.

The necessity of ‘means being adopted for pre-
~venting such things happening is obvious; and a
more simple, and at the same time safe, method
.than that of the hydraulic main and dip pipes
could hardly have been thought of; for, had
stop-cocks been used, they would have been at-
tended with considerable trouble and always
.liable to, get out of order; so much so that no
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dependence could be placed upon them; for,
the tar and ammoniacal salts would, in a few
days, so clog the plugs as to render them im-
moveable, ’ )

It must be clear to every reader, that unless
the pressure upon the hydraulic main from the
purifying vessel be greater than the distance be-
tween the bend of the H pipe, and the spicket end
of the dip pipe in the hydraulic main, the gas,
after having once entered that main, canngt be
forced back to the retort.

In mentioning the pressure from the purifying
vessel, it is to be understood, that whatever depth
of lime in solution the gas, after entering it, has
to rise through before it can escape to the gas-
holder, is considered to be the pressure ‘at which
it is worked. Thus, for instance, the most usial
depth of the purifying mixture through which the
gas bubbles up in the process of purification being
ten inches, the purifying vessel is said to be
worked at ten inches’ pressure. ‘The length of
the dip pipe has been stated at two feet: from
the top of it to the centre of the bend part of the
H pipe, may be stated at six or eight inches
more, making altogether about two feet and a
half; consequently, before the pressure in the
lime vessel can be of sufficient power to force
back the gas from the hydraulic main through the
conducting pipes to the retorts undergoing the

N 2



180 ON THE HYDRAULIC

operation of drawing, it would require to be three
times greater than what the vessel is usually
worked at. '

But, as there is a possibility, when the purify-
ing vessel is ill constructed, of its being choked
up, there should be some contrivance for .indi-
cating to the workmen when such was the case,
or when the pressure there was so considerably in-
creasing as to endanger the safety of the retorts;
and this might be done by fixing a pressure gauge
in such situation as could always be consulted, or
by means of a small bell so connected as to ring
and give the alarm.

The main, of which I have been speaking, with
the dip pipes, form a series of hydraulic joints,
than which, in the manufacture of so elastic a
fluid as coal-gas, nothing could be so well adapted,
—nothing could be so safe.

It is of considerable importance that this main
should be constructed of pipes of the best quality;
that the joints should be sound, and the work
altogether well turned out of hand. Previously to
its being brought into action, it may be filled to
the height at which it is proposed to be worked
with any fluid : water will answer as well as any
thing else ; for, should that be put into the main,
before the retorts have been long worked it will
have been forced over the semiflanch by the tar and
ammoniacal liquor which have passed over in the
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distillatory process. The specific gravity of each
being greater than water, they will, of course,
occupy its place, forcing it over the semiflanch to
the reservoir for condensible products.

Accidents have been heard of, occasioned by
the gas in the hydraulic main exploding and forcing
the glans from the top of the pipes perpendicular
thereto (usually called the H pipe, from its simi-
larity to that Roman letter), but such accidents
must have arisen from great carelessness on the
part of the operator, or from the clogging up of
the purifying vessel; for, by attending to the
observations made, as to the situation of the hy-
draulic main and the manner of putting it up, no
accident could possibly happen.

It is a very erroneous principle which has in-
duced some constructors of retort furnaces and
their appendages, of which the hydraulic main is
one, to place that nearer to the mouths of the
retorts than we have described: by its being so,
the gas-conductors being more contiguous to the
heat of the furnace, so heat the tar on its way to
the hydraulic main as to form it into pitch before
it can get there. The consequences resulting
therefrom are, that the glans of the H pipe require
to be removed, the joint of the retort lid broken,
a loss of all the gas that is generating from that
retort till a man has been able, by pushing an
iron bar down the gas-conductor, to clear the
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passage, and afterwards to make the joint good
between the glan and pipe. Owing to the gas-
conductors being of small diameter in the early
stages of this new branch of science, their choak-
ing up was very frequent, and where there were
forty retorts in action it was not uncommon to
notice almost-as many pipes to clear in the course
of twenty-four hours. These pipes were not

more than bare two inches diameter inside, till

Mr. Malam, on introducing his elliptical retorts,
increased it to three inches. His pipes were
made very slight, not brought so near to the fire-
work, and, being of greater diameter, they were
- not once choked up. The action of the air on
their exterior keeping them s0 cool as to prevent
the tar from adhering to their sides as when
smaller ones were used. It condensed, and, re-
turning to the retort was there decomposed ;
afterwards it went over with the gaseous pro-
ducts, by which the proportion of gas obtained
from a chaldron of coals was increased. In short,
by increasing the diameter of the pipes alluded
to, which are but ramifications from the dip pipes,
their choaking up was avoided; and consequently
the gas, instead of being frequently wasted, was
iincreased in quantity, and the expense attending
the labour of clearing them avoided.

vy~
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CHAPTER X,

On the condensing Muin, and tarious Methods of .
Condensatzon

THE gas, when evolved, being mixed with tar
and ammoniacal fluid, in a state of vapour, which
pass over with it from the retort to the hydraulic
main, it becomes necessary that, as much as possible,
these two products should be condensed and
lodged in the proper receptacle before the gas
reaches the purifying vessel. In order that this
condensation may be properly effected, the pro-
ducts generated should be exposed to-a-large
surface of some eold body on their passage to the
purifier ; by this means the tar and ammoniacal
liquor are separated in a great measure from the
gas, and, being of so much greater density, fall
to the bottom of the pipes, and drain from thence
to the vessels appropriated  for: their receptiom:
The gas is also cooled and made much more fit
for the lime to act upon than if it were brought
directly from the hydraulic main to the lime
vessel in a hot state; for, whenever it is so it is
impregnated with the tar and oleaginous particles
which very soon render the purifying mixture
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useless. The consequence following is, that a
much greater portion of lime will be required for
the purifying process, or otherwise that the gas will
pass through the lime vessel into the gas-holder
without being acted upon. The use of impure
gas ought, on all occasions, to be avoided, for
whenever it is used, it is almost impossible to
obtain a good light; when it is submitted to
combustion it is smoky, and emits a disagreeable
odour; the plugs of the stop-cocks on the fittings
in houses become choaked up with tar, which,
however surprising the case may be, has been
found-in situations at a mile and a half distant
from the manufactory, after having passed through
various pipes of different sizes and at different
levels.

The great preventive against receiving impure
gas into the gas-holder, depends almost as much
upon a proper condensation having been effected
before it reaches the purifying vessel, as-upon
the process of purification which is then accom-
plished ; for whenever gas is purified by lime: in
solution, or as a semi-fluid, it becomes a matter
of the highest importance that it should be de-
prived of the tar, oils, and ammonia, which were
generated at the same time with it before it
enters that vessel. Even where other methods
are adopted for the purification of gas, whether it
be by passing it through red hot tubes, into
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which clippings of sheet-iron are introduced, or
by dry lime, &c., the same reasoning will hold
good; and it may be considered as a general
rule, which the manufacturer ought ever to ob-
serve, let the mode he adopts for purification be
what it may, never to submit his gas to the puri-
fying process till it has been well condensed.
Experience having taught the manufacturer the
necessity of attending to the subject of conden-
sation, he, of course, adopted such means as he
considered most advisable for accomplishing it.
In some manufactories it was thought that the gas
would be sufficiently condensed from its being
conveyed from the hydraulic main by a pipe laid
in a direct line from the retort-house to the puri-
fier—in others, the gas was conveyed to the'lime-
vessel through a worm-pipe placed in the tank
of the gas-holder—and again, in others, by a range
of pipes laid parallel to each other at a consider-
able depth, and with a certain declivity from one
end of the' works to the other ;—whilst some, in
addition to these contrivances, proposed a tank,
into which the range of pipes, as last specified,
should convey the gas at the bottom, and by
means of a contrivance something similar to the
shower-bath, have it washed there before it could
make its exit towards the purifier. Most, if not
all, of these modes, have been tried by different
operators, and have been found more or less
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effective. The first could hardly be expected to
answer, unless the distance from the retort-house
to the purifying vessel had been much greater
than is generally the case—the others, being on
similar principles, produced results proportionally
analogous to the length and temperature of the
main through which the gas was conveyed. But
all of them were expensive, and attended by in-
conveniences which it became the province of the
experienced mechanist to avoid. By any of the
methods spoken of, one very great evil was likely
to happen, namely, the choking up of the condens-
ing main, and more particularly so when the works
were extensive- and its diameter of inadequate
size, which might be the case when the condenser
had been laid down without taking into calcu-
lation the particular extent to which it was pos-
sible the works were likely to be carried—such
circumstance, when the science was in its infancy,
could attach blame to no one; but now, when the
mode of obtaining light from coal-gas has become
so general, the managers of establishments know
what lights they will have to furnish before they
begin to erect their apparatus, and will therefore,
in consequence, guard against it by making their
condensing main of so sufficient a capacity as
almost to preclude a possibility of accident.
Should the condensing main, however, become
choked, the most serious consequences might
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ensue; for, whenevet it was so, the pressure upon
the hydraulic main would accumulate to an alarm:
ing degree, and, in short, so as to force the fluid
it contained over the H pipes towards the retorts,
and endanger the whole of them, unless their
safety was effected by removing the lids from the
mouth-pieces; an operation which, under such
circumstances, it would be no easy matter to
perform. The great objections against condensing
mains are their being laid down at an enormous
expense, and failing to perform the process of
condensation equally with other methods carried
into effect at one-third of the expense and per~
fectly safe in their operation.

- The first' deviation from the beaten track was
by * proposing a vessel made of cast-iron; with 4
bottom divided into square compartments of about
twelve inches deep by as many square—over this
part of the vessel was placed a coveting of the
same metal, with two holes tapped into it over
every square, save the first in the series, where'thé
gas was introduced into it, and the lastfrom whence
it made its exit, each of which had but one. 'Over
these holes were brought cast-iron flanch-pipes
bolted down to the bottom, and the one which had
been jointed ‘over the first hole in the series was
eom&ected to -the pipe ovet the first hole in the

* Mr. Jobn Per'ks obtamed a patent for a condensing vessel
of this description, 5th Auuust, 1817,
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second square by means of a semicircular flanch
bend. The second pipe in that square was con-
nected in the same way to the first pipe in the
third square, and so on from square to square till
brought to that from whence the gas was to make
its exit from the vessel. Supposing, therefore,
the vessel to be twelve feet deep and eighteen feet
square, and fitted with pipes as above described,
the gas would in that small vessel have to travel
through a space of 7,700 feet before it left it.
‘Now, as when the vessel was brought into action,
it would be filled with water—the pipes rising in
it would be kept constantly cool, and the con-
densible products would fall into the square
recesses at the bottom, from whence, by a con-
trivance of the inventor, they were conveyed to
the proper receivers.

- The next was invented about the same time by
Mr. Malam, of whom I have had occasion to speak
before. It is also a square cast-iron vessel, about
nine feet long, five wide, and four deep. Into this
vessel are introduced plates at the distance of from
six to eight inches from each other, with raised
edges of about three inches in height; these are
bolted to the sides of the vessel, and are perfectly
parallel to each other; they are in length about
eight feet six inches, so that being secured to the
sides of the vessel and one end of it, the other end
will be at the distance of about six inches from
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that end of the vessel to which it is contiguous.
The lowermost of these plates being connected to
one end of the vessel, the next plate above it will
be connected at the end opposite thereto—the
third plate the same as the first—the fourth as the
second, and so on alternately till all the plates are
fixed. This being done preparatory to bringing
the condensing vessel into action, water is intro-
duced at the top, which filling the uppermost shelf
to the height which the projecting part of it allows,
it runs over and fills the second, from thence the
third is filled, and so on till the whole range are
so. From considering this matter, it is evident
that if the entrance pipe be at the bottom of the
vessel to the right, should gas be introduced there
by means of it, it will pass over a sheet of water
equal to the area of the lower shelf, and as the
next shelf above approaches no nearer than six
inches to the end towards the left, it will by that
opening rise above it and pass towards the right,
where it will find an opening from the third shelf,
and so it will pass alternately to right and left till
it reaches the exit-pipe placed at the top of the
vessel. The condensible products are carried
from the respective shelves by means of small
bends projecting from one end of this vessel ; but
as I am of opinion it will be likely to answer the
purpose of the manufacturer both as relates to its
first cost, durability, and action, I shall describe a
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densing vessel of this kind capable of perform-
ing what is required where about 100,000 cubic
feet of gas is generated daily.

The condenser we have just described is that
which Mr. Malam first proposed for answering the
purpose of condensation; but, as he has since
made several alterations in that vessel, and we
trust the description alluded to is so clear to every
reader as not to require elucidation by drawings,
we shall proceed to describe his improved con-
densing vessel as exhibited in Plate V.—ABCD,
Figure 1, is a longitudinal section of this con-
denser. The vessel is a parallelopipedon made
of cast-iron plates, supported upon a bed of brick-
work. At about one foot from the bottom is a
range of plates, aaaa, together of the same dimen-
sions therewith, which are jointed to the side of
the vessel. Upon these stand a row of plates of
the same material, one of which is shewn as at E.
Their bases occupy such situation as is expressed
in the plan ABCD. Figure 2. In that plan the
pipe which conveys the gas into the condenser is
shewn at E: having there entered, it passes be-
tween the upright plates in the direction of the
arrows till it reaches the exit-pipe F, and that
pipe leads to the purifying apparatus. It is to be
noticed that these upright plates do not rise to the
top of the condenser—there is a space of about six
inches left between it and the plate which fits
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over them. The entrance and exit-pipes E and
F are placed about a foot from the top of the
vessel, as shewn in the transverse section Figure
3. The range of cast-iron plates, a @aa, which we
have already had occasion-to mention, do not lie
perfectly horizontal, but with a small declivity to
the right, by which arrangement the condensible
matter drains towards the openings a b ¢, Figwrd2,
and thence by the pipe a, Figure 1, and abg,
Figure 3, is discharged into the receptacle E,
which rums across the vessel, and is filled with
water for the pipes to dip in, and form an hydraulic
joint. It follows, therefore, that as the conden-
sible products accumulate, they overflow the
partition which forms the part F, and run into the
chamber G, from whence, when it is necessary,
they are drawn off by the cock H, Figures 1 and 2.

ABCD, Figure 2, is a plan of this condenser,
the arrangement of which is already. described;
and Figure 3 is a transverse section of the same
vessel. '

Plate VI. Exhibits different sections of the con-
«denser, for which Mr. Perks obtained a patent.

- Figure 1 is a plan of the top, shewing the s:tu-
-ation of the bend-pipes, &c.

- Figure 2 is a plan of the under side of the plate
.on which the upright pipes are supported, shew-
.ing the openings into the lower chambers, and the
sposition of the upright: partitious.
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Figure 3 is a side view (in elevation) of the
vessel, the side plates being supposed to be re-
moved. The pipe and bend beneath are for car-
rying off the condensations. The dotted line
shews the height at which the fluid will be con-
stantly kept in the vessel. An opening is made,
or left at the bottom of each partition, which
allows the condensed matter to flow from one to
another, and to be carried off by the pipe.

Figure 4 is an end view of the vessel (in-eleva-
tion) the plate being supposed to be removed.

In considering the merits of either of these
vessels, the most striking are the facility with
which any obstriction to their operation may be
removed, and the very efficient means they afford
for answering the purpose of the manufacturer, as
far as relates to the gas generated being well con-
densed before it is brought to the purifying ap-
paratus. We have already stated the distance
which the gas would have to travel in passing
through a condenser constructed on Mr. Perks’s
principle ; and, when we consider that the pipes
therein are always surrounded by cold water, we -
can hardly doubt of its effect. In his vessel the
bends at the top are easily removed in the event
of any obstruction presenting itself, and by forcing
down each of the pipes a rod for the purpose, the
passage is cleared. As there is a sufficient open-
ing left at the bottom of each of the partitions in
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the lower vessel, the obstructing matter can be
withdrawn from thence. In Mr. Malam’s con-
denser the top can be removed, and after it is so,
the cast-iron plate which rests upon the upright
ones can be withdrawn also: so that the operator
has it in his power by drawing an instrument
made for the purpose between the plates (for the
passage of the gas) to clear them out and to open
the holes through which the condensations de-
scend into the lower chamber. It would appear
that Mr. Malam, in the construction of his latter
vessel as well as the former, had considered when .
gas passes through circular pipes, that which is
near the centre. would be little; if at all, acted
upon by the cold medium surrounding them; and
he has, therefore, compensated for that defect
by causing the gas to present itself in such thin
sheets as cannot fail to be affected by the coldness
of the adjoining surfaces: thus giving a greatér
probability to the condensation being well per-
formed.
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CHAPTER XI.

On the Situation and Construction of Vessels for receiving
the Tar and Ammoniacal Ligquor, with the Description of
a Contrivance for shewing the exact Quantity of each

nected to one end of the hydraulic main, distinct
from that connexion which leads to the purifying
apparatus, from whence it falls with a gentle de-
clivity to the vessel appropriated for receiving the
condensible products. This vessel is called ‘ the
tar cistern.”

The tar cistern should be erected at the greatest

* 282 cubic inches = 1 ale gallon.
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distance from the hydraulic main that the works
will allow, in order that the condensation may be
properly effected before the tar and ammoniacal
liquor are allowed to enter into it. In most cases
the tar-cistern is so situated as not to receive the
tar and ammoniacal liquor till: they have passed
through the whole range of condensing main, or
through the vessel for condensation. Under this
arrangement there is but one connexion to the
hydraulic main, instead of two, which conveys
away from it all the products evolved, and all
pass together to be condensed ; after which pro-
cess the arrangement of pipes is such as to allow
- the gas to enter the purifier and to carry the tar
and ammoniacal liquor to the tar-cistern. In this
case the tar-cistern must be situated below the
level of the purifying vessel; for if it is not so, the
tar and ammoniacal fluid will be carried into it.
As in another Chapter the laying of main pipes
and the manner of making various kinds of joints
and connexions will be fully treated of, the reader
is referred thereto for information on the subject
of arranging pipes for the purpose; and, after
carefully perusing what is there said, he cannot
be at a loss how to proceed.

The vessel for receiving the condensible pro-
ducts may be of any convenient shape and con-
structed of cast-iron or wood. In either case it
ought to be closed at the top (except a very small

o2

.
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aperture) so as to prevent the ammoniacal liquor
from losing its strength by exposure to the air.

When the tar-cistern is so situated as to re-
ceive the tar from the hydraulic main without
allowing it to pass through the condenser; it is
generally placed upon brick piers, so as to stand
about thirty inches from the ground, and to admit
of casks being brought under the cock near the
bottom for drawing off the tar. It must be
furnished with two or more cocks, so that the
upper ones may be used for drawing off the am-
moniacal liquor : this fluid being specifically
lighter than the tar, floats at the top of it: how-
ever, we are informed that the tar produced from.
some of the species of cannel-coal is lighter than
the ammoniacal liquor. Which ever way this is,
the same arrangement must be attended to; for,
as both these products are lodged in the same
vessel, it is in that the heavier subsides and can
be drawn off without being mixed with the lighter,
or vice versd.

To prevent the gas from entering into, or
escaping through, the tar-cistern, the pipe which
brings in the tar descends from the hydraulic
main towards the top of it, and thence to nearly
the bottom inside the vessel; it is furnished with
a flanch, by which it is bolted to the top. This
pipe is surrounded by another of about two or
three inches greater diameter jointed to the
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bottom which rises nearly to the top of the vessel.

"When the distillatory process commences the tar
and ammoniacal liquor drain down the inner pipe,
and, having filled the surrounding one, the upper
edge of which being considerably below the bend
outside the top of the vessel, the pressure forces
the products over and continues so to do till the
process is ended.

The arrangements, as far as relate to conveying
the tar into the cistern, and for preventing the
gas escaping through it, when it is situated below
the level of the purifier, is nearly similar to what
we have just mentioned; but, as the vessel will
then be sunk into the ground, it must, when full,
be emptied by means of pumps.

Tt being necessary that the gas-hght manu-
facturer should ascertain the quantities of the
respective products obtained from coal at all
times, for the purpose of keeping systematic and
correct accounts, and more particularly when
making his experiments in the large way upon
different species of that article, the question
presenting itself is this: As the tar and ammo-
niacal liquor are both received into one vessel, in
what way may the exact quantity of each pro-
duced be ascertained without drawing it off ?

In the course of my practice, having had to
report the exact quantity of each produced daily
from various kinds of coal, I found the trouble
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and inconvenience which attended the drawing
off of these products greater than could be®
effected without more expenses for casks and
labour than the produets in that stage of the
business were worth. Indeed, when it was ab-
solutely necessary to adopt such plan, the truth
could seldom be obtained unless it was attended
to with greater care and attention than is gene-
rally to be found amongst the lower class of
labourers to whom the drawing off of the tar and
ammoniacal liquor is generally intrusted.

To any one at all acquainted with the practice
of manufacturing coal-gas, many objections will
present themselves to the adoption of such mode.
Amongst many others are the following ; namely,
The necessity of stopping the process of gene-
rating gas whilst the tar and ammoniacal liquor
are drawing off: the time thereby lost: the
waste of fuel for keeping the retorts heated so as
to be ready for charging when the cistern is
emptied : and the impossibility, after all, of draw-
ing the products off separately, owing to their
not being allowed sufficient time for subsiding.

To remedy the evils, and to obtain a correct
account of these products I constructed a table
for shewing the exact number of ale gallons con-
tained in the tar-cistern at every inch dip; the
application of which shall be shewn after de-
scribing the apparatus attached to the cistern.
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.. Considering. that the specific gravities of tar
gnd ammoniacal liquor were different, and that a
body which would sink in the latter would: swim
upon the surface of the former, I proposed that
two floats should be made and attached to rods
for shewing:the respective heights to which each
product rose in the cistern.

ABCD, Fig.1, Plate VII, is a section of the
tar-cistern.

a b, surface of the tar.

c¢d, surface of the ammoniacal llquor

E, a float of sound dry oak, twelve inches
square and three inches thick {the specific gravity
of which being greater than that of ammoniacal
liquor will displace its bulk of that liquor and
rest upon the surface of the tar), to which is fixed
(G) a small rod of round iron with a light index
at the top for pointing out the height of the tar in
the cistern against the graduated rod I.

F, a float of cork swimming on the surface of
the ammoniacal liquor, fitted with a rod H, and
an index for shewing on the graduated rod K the
number of feet and inches the surface of that fluid
is distant from the bottom of the cistern.

The difference between the heights, as pointed
out by the indexes on the graduated rods I and K,
is the feet and inches of ammoniacal liquor in the
vessel.

e and fare two raised openings on the:upper
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plate of the vessel of about five or six inches in
height, through which the rods G and H slide up
and down. By this contrivance they are steadied
and always kept in a vertical position.
-~ This description of apparatus will answer for
any tar-cistern; but as that vessel may be of dif-
ferent dimensions in different establishments, the
table for use must be calculated accordingly.

Application of the Table.

ExaMPLE.

The index of the rod G pointing to two feet
six inches on the graduated rod I, required the
number of gallons of tar answering thereto ?
~ Look for two feet in the side column, and
run your eye along the line till you. come under
six inches in the top one; you will there find
3,080 the number of gallons sought.

To find the Gallons of ammoniacal Liquor.

Subtract the height pointed out by the rod G
from that shewn by the rod H, and with the re-
mainder enter the table as above directed; and
you will find what number of gallons of ammo-
niacal liquor are in the cistern.

ExaMpLE.

The rod G stands at two feet six inches, the
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rod H at four feet; what number of gallons of

ammoniacal liquor are there in the cistern?

Ft. In. Ft. In. Ft. In. . . .
4 :0—2:6=1: 6, opposite to which in the

table you will find 1,848, and such number of
gallons of ammoniacal liquor is in it.
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CHAPTER XII.

On the purifying Vessels, and the best Mode of purifying
Coal-Gas.

DURING the process of decomposing coals in
close vessels, it is found, that, on their being
heated to a certain degree, a part of the carbon
of which they are formed unites with part of the
oxygen and produces carbonic acid; this, by
means of caloric, is formed into carbonic acid gas.
Whilst this process is going on, a part of the
hydrogen of the coal is combined with another
portion of carbon and caloric which forms car-
buretted hydrogen gas. Olifiant gas, carbonic
oxide, hydrogen and sulphuretted hydrogen are
also produced. According as the component
parts of the coal submitted to distillation varies,
so will the quantities of these products vary also.

When the gas produced from coal is burnt with-
out being purified (that is, deprived of the sul-
phuretted hydrogen and carbonic acid gas which
it contains) or if it be not properly purified, it
throws out sparks and produces a sulphureous
acid, owing to the oxygen of the air uniting with
the sulphur burnt with the gas. Such gas sends
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forth a suffocating odour that is not only highly
offensive but injurious to health. Its levity
carries it to the uppermost part of the room,
where it is burnt, and there it is easily perceived.
It tarnishes all metallic substances, and discolours
paintings wherever metallic oxides may have been
used in their execution.

The general way of freeing it from sulphuretted
hydrogen and carbonic acid, and rendering it fit
for use, hitherto adopted, has been by passing it
through a solution of lime and water of the con-
sistence of cream. It may also be purified by
passing it through very dilute solutions of sub-
acetate of lead, green sulphate of iron, or hyper-
oxymuriate of lime.

For the purification of coal-gas, when it is
manufactured in the large way, various methods’
have been adopted. The following are those
most noticed :—

1st, By passing it through lime in solution,

2d, By allowing it to be acted upon by lime in
a semi-fluid state,

3d, By pressing it through dry lime, and

4th, By passing it through red hot tubes into
which are introduced clippings of iron.

The purification of coal-gas seems to have been
first effected by passing it through lime in solu-
tion. This was done by means of a cast-iron
square or cylindrical vessel enclosing another
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vessel of the same shape, but of smaller dimen-
sions, which was secured to the top of the outer
one in such manner as to be perfectly air-tight.
The inner vessel had no bottom, and the sides of
it, to the height of about six inches from the lower
edge, were drilled full of holes.

When the purifier was of a circular shape an
upright shaft stepped in the centre at the bottom
of the vessel and was brought through a stuffing-
box at the top. At the head of the shaft was
fixed a horizontal bevel-wheel to be driven by a
pinion on one end of the axis, to which the winch
to be turned by hand was applied at the other.
The speed at which the upright shaft was driven
was about ten revolutions'in a minute. The
lower extremity of the upright shaft, at the dis-
tance of four or five inches from the bottom, was
fitted with four or more vanes, each of which was
in length about three inches less than the semi-
diameter of the outer vessel, and in breadth about
four inches. Their use was to stir up the lime
and keep it from subsiding. This was effected
by the action of the winch, which gave motion to
the pinion, and, consequently, to the shaft on
which the vanes (or, as the gas-light manufac-
turer terms them, the agitators) were fitted.

In using this kind of purifier, it is necessary
there should be a vessel of sufficient capacity for
' mixing the lime and water for one charge, situated
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at a height that will allow it to be turned, by means
of a cock or valve, into the purifier, whenever it is
necessary to charge it. And this vessel must be
fitted with agitators similar to those of the purifier,
so that the mixture may be properly effected before
it is allowed to enter into the purifying vessel.
The entrance of the mixture into the parifier is
accomplished by means of a small vessel attached
to the outside of it, the top thereof rising to the
height to which it is desired the mixture should
rise inside. - Between this vessel and the purifier
is a slide valve, opened for the purpose of charging,
but kept shut when the purifier is in action.
Having mentioned the manner of charging and
) discharging the purifying vessel, we are next to
consider how the gas is brought into it, acted
upon whilst there, and allowed to pass from thence
into the gas-holder. In Chapter X, “ on the con-
densing main and various methods of condensa-
tion,” is described how the gas passes from the
_retorts to that part. of the apparatus and from
thence to the purifier. From the condenser it is
brought, by means of cast-iron pipes, through the
top of the purifying vessel into the interior
chamber, which we have described. And as,
when this vessel is charged, the purifying mixture
ascends about eleven inches above the lower
edge of the interior vessel, it is evident that the
gas will accumulate therein till the capacity be-
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comes too small for its bulk, which, continually
increasing, forces its way beneath the inner
vessel and through the holes in its vertieal sides,
and bubbles up through the purifying mixture
into the space unoccupied by the lime and water
in the outer vessel; from whence, by means of
pipes properly arranged, it is conveyed to the
gas-holder. It is evident, then, that no gas can
pass from the retorts into the gas-holder without
first passing through the purifying mixture; and,
as this mixture is constantly kept in agitation, it
so acts upon the crude gas, by a chemical affinity,
as to retain the sulphuretted hydrogen, &c., and
to allow the carburetted hydrogen to pass.
- What has been stated on this subject is not
only applicable to the cylindrical -purifier, but
also to the square one. In some establishments
the purifier is of a parallelopipedal form, and
when so, it is furnished with two upright shafts
and double sets of agitators. But either of the
latter shaped vessels are less serviceable than the
former ; for in them the angular points cannot be
affected by the agitators, and, consequently, a
considerable portion of the charge is lost to the
manufacturer; and this cannot happen in the
cylindrical one, where every part of the mixture
is brought into use. .
Of the cylindrical vessels used for purifying
coal-gas by means of lime in solution, one con-
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structed under the direction of Mr. Kemp, a Di-
rector of the Chartered Gas-Light and Coke Com-
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again before it was deposited in the gas-holder.
In small establishments, one purifying vessel may
be sufficient ; but in works where two or three
hundred thousand cubic feet of gas are daily ge-
nerated, no single vessel can perform the opera-
tion effectually. '
We are, therefore, to con81der, that for the
effectual purification of coal-gas in establishments
of magnitude, more than one purifying Vessel must
be employed ; and we are now to inquire which is
the best arrangement for placing two, three, or
more purifiers, so that they may be the most
effective, and at the .same time the most econo-
mical. The best arrangement for these vessels
which has fallen under my notice, as well as the
construction of the purifier itself, was effected by
Mr. Malam, of the Westminster Gas Works.
ABCD, Figure 1, Plate VIII, is a vertical section
of his-treble purifier, placed upon a foundation of
brick-work :' and Figure 2 of the same platg is a
plan thereof. EE, FF, GG, Figure 1, are sections
of the three interior chambers, bolted to the tops
of the respective vessels by the flanches expressed
in the plate. It will be observed that the bottoms
of these vessels branch out with a kind of flanch,
by which means the gas is acted upon by a greater
proportion of the purifying mixture than if the
vertical sides of it fell in a perpendicular line.
HH is the axis on which the agitator 11 is fixed.
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KKK are three cylindrical vessels for the purpose
of charging the respective vessels into which the
purifying mixture is introduced by the bends LLL.

MMM are the pipes whlch convey the gas into
the interior chamber,

N is the pipe which conveys the purified gas to
the reservoir after it has passed through the series
of vessels.

O—the feed-pipe for bringing the purlfymg
mixture from the vessel where it is prepared into
the purifying apparatus.

PPP exhibit the openings near the bottoms of
the cylindrical vessels KKK, for emptying the
respective vessels, which is effected by the slide-
cocks QQQ.

In the figure the height to which the purifying
mixture rises, is shewn in the two lower vessels;
but the upper one is not charged.

The agitators are driven by hand in the same
way as has been already described when speaking
of the single purifiers.

When this purifier is first brought into action,
the purifying mixture is turned into the upper-
most vessel K, from whence it enters into the
uppermost purifier by the bend L, till it rises to
“ the height of the uppermost edge of the vessel K.
When such is the case, by opening the uppermost
of the slide-cocks Q, that charge is emptied froin
the first into the second vessel, which being done,

P
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the uppermost purifier is again charged. The
middle cock Q is then vpened, which allows the
charge in the second purifier to enter into the
lowermost one, and whilst this is performing, that
in the uppermost one is emptied into the second.
The mixture is at the same time entering into the
uppermost one, which is known to be properly
charged, when the mixture rises to the top of its
supplying vessel K. This being performed, the
gas in its crude state is allowed to enter into the
interior chamber of the lowermost purifying vessel
by the pipe M, which being filled, it blows under-
neath the flanch part of it into the outer part of that
vessel which is unoccupied by the purifying mix-
ture: from thence, by the next pipe M, it is con-
veyed into the interior chamber of the middle
purifier, where the action is the same as in the
lower one; and thence, by the uppermost pipe M,
it is conveyed into the highest vessel, where having
again undergone the purifying process, it is al-
lowed to enter the gas-holder by the pipe N.

On examining the plate, it must appear obvious
that the gas enters into the lowermost purifier in
its most crude state; where, having been acted
upon, it rises into the second in a purer state, and
from thence into the top one. Under such cir-
cumstances, it follows, that the charge in the
lowermost vessel is rendered useless first: on its
being so, it is turned off by opening the bottom
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cock Q; whilst this is performing, the gas gene-
rated has to pass through two vessels before it
can enter into the gas-holder: but, in the single
purifier during the time of charging, the gas pdsses
into the gas-holder in an impure state, thus, by
mixture ‘with the pure gas, deteriorating its qua-
lity. The bottom purifier being emptied, the mix-
ture in the second is turned into it, @nd that of the
top into the second, when the top one is re-
charged. The lowermost vessel then always con-
tains the mixture which has been most acted apon
by the gas:

By the vessels being placed in this way, a con-
siderable saving in the expense of erecting them
is effected : for, the top of the lowermost vessel
answers as a bottom to the second, whilst the top
of the middle vessel is the bottom of the upper
one. The saving is not there alone; for, if the
vessels were placed separately, they would re-
quire to be fitted with a number of valves and
connexions under this arrangement altogether
unnecessary. _

Where the manufacturer has plenty of room on
his premises for erecting a series of single purify-
ing vessels, the extra expenses arising from the
adoption of such plan not only consists in the first
cost, but afterwards also, by requiring a man to
work the agitators of each vessel; consequently,
when three vessels were used, three men would

‘ P2
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be required for the purpose, whilst in Mr. Ma-
lam’s purifier one man with ease works the three
sets of agitators. His arrangement possesses
another capital advantage, for in most large towns
where coal-gas manufactories are established, it is
of considerable importance to save room, and
nothing can be better adapted for doing so than
his triple purifier.

To go further into detail on the means of purify-
ing coal-gas by passing it through lime in solution
would be quite unnecessary; for, though by dif-
ferent operators different shaped vessels might
be used, yet as all must allow the gas to pass
through a sufficient column of the purifying mix-
ture for the action to be effectual, so long as that
is accomplished the manufacturer’s views are
answered. That this is the best means for puri-
fication hitherto adopted on the large scale, there
is hardly a shadow of a doubt, and when the lime-
refuse can be got rid off, it stands far above any
other that has yet been tried.

In some cases, however, the refuse-lime has
been found so troublesome, that means have been
tried for purifying the gas by lime in a semifluid
state *, thus decreasing the quantity of this ob-
jectionable matter; but the vessel which my obser-

"% Mr. Clegg took out a patent for a purifying vessel of this
description.—Vide Repertory of Arc:, No. 176, second Series
for January 1817.
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vations were made upon was found inadequate for
accomplishing the purpose of purification.

For purifying coal-gas by means of dry lime,
Mr. Reuben Phillips, of Exeter, obtained a patent;
but as his mode has not been tried on a large
scale, under my observation, I cannot speak suffi-
ciently decisive as to its merits. I can here only
observe, that from the construction of his purify-
ing vessel and the manner of its arrangement, it
would appear very doubtful if it could be adopted
with safety and economy on an extended scale of
operation, two things of very considerable im-
portance to the manufacturer. .

We come now to speak of a mode of purification
differing in principle and practice from any we
have yet mentioned. The manner of performing
the operation is by causing the crude gas to pass
through retorts of a particular description worked
at a red heat just visible by day-light. Mr. G. H.
Palmer, lately in the employment of the Chartered
Gas-Light and Coke Company, and now residing
at No. 8, Regent-street, Westminster, has obtained
a patent for this invention. Plate VIII, Figure 3,
represents a longitudinal section of Mr. Palmer’s
purifier. Figure 4 is a transverse section thereof,
and Figure 5 a front view of the same, with the
mouths of the upper purifier closed, and the lower
one open. This purifier is constructed of cast-
iron, and it is set in brick-work under such an
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arrangement as admits of its being heated to the
temperature required. In the plate just referred
to there are two purifiers heated by one fire. In
no establishment can the process be carried on
with a less number ; in large works it would not
only require the magnitude of the purifier to be
increased, but it would also be requisite to employ
a-greater number of purifiers also. - The purifiers
are of an elliptical shape, and each one is divided
into two equal parts by a vertical partition, which
runs along its centre from the mouth-piece to
within a few inches of its end. The mouth-piece
is double, that is, it admits of two lids being ap-
plied to it, one of which is to the right of the par-
tition we have just spoken of, and the ather to the
left. The lids of these mouth-pieces are secured
in the ordinary way by means of luting and cross-
pieces. As it is intended that but one of these
purifiers should be brought into action at one time,
the apparatus is provided with the double mer-
“cyrial valve A, Figure 5, the rod of which heing
attached to one end of a chain (running over a
pulley) at the other end sustaining a caunter~
balance wejght, the gas is allowed to enter inta
the .upper or lower purifier as occasion may re-
quire. The valve being so contrived, that when
the crude gas. is admitted tbrqugh it into one
purifier,. it is effectually excluded fram the other.
It is of congiderable importance to:the purification:



ON PURIFICATION. 215

of gas by this mode, as well as every other, that
it should haye effectually undergone the process
of condensation, and as the admission of any of
the condensible products into the purifier will
materially tend to clog it up and to prevent the
play of affinities required in this mode of puri-
fication, the patentee advises that the pipes con-
ducting the gas from the condenser should rise
towards the purifying apparatus. In Figure §
the entrance and exit pipes are exhibited: the
latter dip into a square box containing water, into
which they are immersed so as to form an hydrau-
lic joint between the purifying apparatus and the
gas-holder. This box is furnished with a pipe for
tonveying off any products which may be con-
densed after the gas has passed the purifier, and
it will of course require another vessel for receiv-
ing them, which must be constructed on a plan
somewhat similar to the tar  cistern, but on g
smaller scale. o _

When this punfymg apparatus is to be brought
into action, it is to be at such a temperature as we
have already stated, not that it is essential towards
effecting the purification of the gas, but tending te
the preservation of the vessel. This being effected,
each compartment thereof is to be ‘half or three-
faurths filled with fragments or refuse clippings of
sheet-iron, with tinned iron plates, argillaceous
iron. ore, iron stone, &c. &c. It is to be noted,
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that whatever material may be used in this puri-
fying vessel, such must be arranged in it so as to
lie loosely together; in order that the gas may act
upon as much of its area as possible, and that the
sulphuretted hydrogen and carbonic acid gas may
be thereby arrested. Should the black oxide of
iron be used in the purifier, which appears to be
preferred by Mr. Palmer, the operator should be
careful as to the manner in which he disposes of
it: always recollecting that a sufficient space
should be left at the end of the purifier to allow
the gas to pass round the divisional partition.

The purifier being charged with any of the ma-
terials as above specified, the lids are to be secured
and the valve opened towards the one so charged
by raising or lowering the counter-balance weight
of the valve, according as the upper or lower puri-
fier may be brought into action. The gas then
enters into that compartment of it which is to the
left, and passing over the iron, or whatever else
may be introduced round the divisional plate, is
allowed to pass from the purifier by means of the
pipe which is connected to the mouth-piece, which
is to the right, into the hydraulic box, and thence
by the pipe B to the gas-holder, to be stored up
for use as-occasion may require.

It is requisite that tests should eccasionally be
taken, in order that it may be known when the
fragments of iron, &¢., become inadequate for the
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purpose of purification. When they are so, the
other purifier is to be charged in a similar way,
the mouth-piece secured and the valve opened
into it, which, as we have before observed, will
shut off the communication to that which had
been in action. When this is done, let the lids of
the purifier which is out of use be removed, so as
to admit the atmospheric air into it, the action of
which will, prior to the purifier in action being
tendered inadequate to perform its office, so far
restore the materials to their proper tone, by re-
ducing the sulphuret of iron again to a metallic
state, as to allow the change of purifier to be
again effected, and the process to be carried on

. to advantage.

- The operator is invariably to follow the mode
pointed out, by using his purifiers alternately, till
it is ascertained that the iron, or whatever sub-
stance may have been introduced, will no longer
retain the sulphuretted hydrogen, &c. When
such is the case, the contents of the purifier must
be removed and replaced by fresh material, and
the process proceeded upon agam, in the manner
we have already described.

This mode of purifying has not yet been brought
into practice on an extended scale. In the small
‘way it has been proved to perform the office of
purification. effectually ; and, from what it has
done there, we cannot doubt of its effect in the
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large way. Mr. Palmer has recently erected an
apparatus at Macclesfield for purifying the gas
generated for lighting that town, which is ex-
hibited by Figures 3, 4, and 5, Plate VIII; but,
owing. to the works of that place not being in a
sufficient state of forwardness to allow of its being
brought into use, it had not been tried there at the
time this sheet was sent to the press. We are
here ta observe, that, in situations where there is
a difficulty in getting rid of the lime refuse, Mr.
Palmer’s mode of purifying we apprehend might
be adopted to advantage ; and, when we consider
how often such is the case, we can hardly doubt
of seeing it very generally used.

The ideas of explosion being to be apprehended
