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o all whom it may concern:
Be it known that I, JocoB REESE, a citizen
of the United States, residing at Pittsburg, in
the county of Allegheny and State of Pennsyl-
vania,” have invented a certain new and use-
ful Process of and Apparatus for Producing
Gas; and I do hereby declare the following to
be a full, clear, and exact description thereof,
reference being had to the accompanying draw-
ings, forming a part thereof, in which— -
Figure 1 indicates a front elevation of an
improved apparatus adapted to the use of my
invention, showing a producer having a closed
bottom resting on a hinged bottom plate, a
slag-vent for the exit of the ashes when fused,

an exterior combustion-chamber, a condens--

ing apparatus to condense the unfixed gases,
a steam-injector to force the condensed mat-
ter into the incaundescent portion of the fuel,
and a feeding device to supply fuel to the pro-
ducer. Tig. 2 indicates a cross-section of the
feeding apparatus, showing the position of the
fuel-hopper immediately after or when being
charged. Tig. 3 indicates a cross-seetion of
the same, showing the position of the hopper
when revolved so as to bring its opening in
line with the opening of the hopper-sheath, to
allow the discharge of the fuel into the pro-
ducer without the escape of the gas from the
same. Fig. 4 on Plate 2 indicates a sectional
elevation of the gas-producer and an eleva-
tion, partly in section, of its condenser. Tig.
5 is a vertical section showing the local rela-
tion of the condenser-valve to its case and
screw-stem.

Like letters of reference indicate like parts
wherever they occur.

My invention consists, first, in' a new and
useful proeess for producing fixed combusti-
ble gases at a low temperature from solid fiel
by charging fresh fuel on top of a mass of in-
candescent coke contained within a closed pro-
ducer, withdrawing a portion of the vapor
rising therefrom; consuming it in an exterior
gas-combustion chamber, forcing the result-
ant products of combustion into and through

-the column of fuel in the producer, and, finally,

condensing the unfixed gases arising from the
producer by a separate condensing-chamber,
and returning the products of condensation
into the incandescent portion of the fuel; sec-
ondly, inanimproved gas producing and puri-

(No model.)

| fying apparatus adapted to the nuse of said pro-

cess.

The objects of the invention are prineipally,
first, to convert the entire combustible matter
of the fuel into fixed gases containing a maxi-
mum amount of static caloric, (latent heat,)
or to convert the volatile matter of the fuel
into illuminating-gas and the fixed carbon into
gas for heating purposes; secondly, to produce
carbonie oxide (CO) without the presence of
(CO,) carboniec acid. :

Heretofore in the operation of all gas-pro-
ducers known to me it hasbeen found impossi-
ble to prevent the formation of ¢arbonic acid,
(CO,, )onaccount of the manner ofadmitting air
into the producer. An analysis of the gases
resulting from the operation of the best pro-
ducers shows that from twenty to twenty-five
per cent. of the carbon of the fuel is converted
into carbonic acid, (CO,,) and, as the producer
must be stopped during cleaning, considera-
ble time is lost and the producer fills up with
air, which causes the formation of a large
quantity of carbonic acid when it is again
started. In addition to the loss of fuel in the
production of CO, is the loss of combustible
matter escaping with the ashes, and, as the
cleaning operation must be frequently per-
formed, from five to fifteen per cent. of the fuel
is lost in this manner. In additionto the pre-
ceding drawbacks is the fact that considera-
ble trouble and anncyance is had from the
condensation of tar matter in the gas pipes
and flues.

In the production of illuminating-gases in
closed retorts from five to thirty per cent. of
the gases produced are condensed and with-
drawn as tar; but in the use of my process I
am enabled to convert the tar into fixed gases
without the use of external fuel to heat up the
retorts. .

I shall now describe the construction of the
improved apparatus: so that others skilled in
the art to which it appertains may construct
and use the same to carry my invention into
practice.

In'the drawings, A indicates a ¢ylindrical
gas-producer, having an external shell of plate
iron and lined internally with fire-brick. The
producer is provided with a solid bottom
composed of silica or fire-brick supported on
a hinged bottom plate, «, which is attached to
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an arm, ¢’, on one of the supports of the pro-
ducer, and is retained in poswion when swung
up by means -of a clamp, @’

B indicates a slag vent or opening, to admit
the exit of the scoria or ashes when melted
during the operation of the producer.

C indicates anexterior cylindrical gas-com-
bustion chamber having an external shell of
plate-iron, and lined internally with ganister
or fire-brick.  This gas-combustion chamber
is  also provided with a solid bottom of re-
fractory material,which rests ona hinged bot-
tom plate, c, which is retained in posmon by
a clamp, ¢, whleh is provided with a handle
at its upper end to admit of turning to release
the botfom plate, ¢, and allow it to swing down
when it is desired to open the combustion-
chamber for repairs or other purposes.

C? indicates a small door on the side of the
combustion-chamber, at a point directly oppo-
site the lower flue leading from the combus-
tion-chamber into the base of the produecer,
for the purpose of admitting the entrance of a
tool to clean the flue or to force an opening
for the entrance of the produets of combustion
into the base of the fuel, if necessary, during
the operation of the producer.

C’ indicates a blast-tuyere, which projects
down into the combustion-chamber to a point
slightly below the bell-mouthed opening of
the gas-flueleading from the combustion-cham-
ber into the upper part of the producer.

D indicates a eylindrical condensing-cham-
ber,attached totheproducer by snitable br aces,
and connected at its npperend to the gas-main.
This condensing-chamber is pr 0v1ded with a
Water-diaphmgm, d, whieh is attached to the
gas-main, and projeets down into the upper
portion of the condenser, as shown in Fig. 4,
so as to cause the gases to flow down into the
condenser and around both sides of the water-
diaphragm after leaving the producer.

d’ indicates a globe-valve attached to the
bottom of the condenser, to admit the flow of
the tarry matter, when desued into a steam-
injector, @, which may be operated so as to
force the same into the incandescent fuel at
the lower part of the producer.

Eindicates a fuel-feeding apparatusattached
to the upper part of the producer. This fuel-
feeding apparatus consists of a cylindrical
hopper having a longitudinal opening on a
part of its periphery, and is provided with a
crank, to revolve it within a stationary sheath
composed of two segments of an iron cylinder
provided with suitable flanges at their lower
sides, which are fastened to the sides of the
fuel-hole in the top of the producer.

The operation of my improvement is as fol-
lows: A charge of coke is put into the pro-
ducer.and lighted, and the air-blast is injected
into the combustion - chamber. When the
charge of coke becomes incandescent and the
walls of the producer are thoroughly heated,
a charge of fresh fuel is filled info the hopper.
It is turned one-half of a revolution, so as to
bring the opening of the hopper in line with

-the combustion-chamber,

the lower opening in the sheath, and the fuel
drops down on top of the incandescent coke.

The blast may then be shut off, if' desired, and
the heat from the coke and Walls of the pro-
ducer will vaporize the volatile matter of the
fuel, which will pass into the upper part of
the producer as illaminating-gas, and may be
withdrawn into a separate receiver and puri-
fier; or the blast may be kept on continuously
and the gases from the volatile matter may be
allowed. to mix with the gas produced from
the fixed carbon of the fuel. In the latter
case the tarry matter of the gas coming in
contact with ‘the water-diaphragm is con-
densed and deposited in the tar-chamber of
the condenser, and may be forced into the
incandescent fuel by means of the steam-in-
jector. In this case the steam is decomposed,
the hydrogen passes off as hydrogen gas, and
the tar is decomposed into CO (carbonic ox-
ide) and hydrogen gas.

When the volatile matter of the fuel has
been converted into illuminating - gas and
withdrawn, as in the first instance, the air-
blast may be forced through the tuyere into

partial vacuum at the upper portion of the
chamber, and draw in a portion of the gases
from the upper part of the producer,) combus-
tion of the gases takes place, and the result-
ant products of eombustion are forced into the
base of the fuel-chamber and through the col-
umn of fuel. . In this operation the CO (car-
bonie oxide) drawn into the combustion-cham-
ber and there consumed into carbonic acid
(CO,) gives out five thousand six hundred
and seven (5,607) units centigrade of sensible
heat from each pound of carbon so consumed,
and the carbonie¢ acid coming in contact with
the incandescent fuel is again decomposed to
CO, and the five thousand six hundred and
seven (5,607) units of sensible caloric devel-
oped in the combustion-chamber and forced
into the base of the {fuel-chamber are entirely
occluded in the ecarbonic oxide (CO) then
formed.

Inthereduction of carbonic acid to carbonic
oxide an equivalent amount of carbonie oxide
is formed from the fixed carbon of the fuel,
and in this chemieal action two thousand four
bundred and seventy-three (2,473) units of
caloric are converted from latent to.sensible
heat.

In the use of coal containing five per cent.
of hydrogen, eighty-four per cent. of carbon,
three per cent. of nitrogen, and eight per
cent. of ash, thirty-five per cent. of volatile
hydrocarbon gas is produced and sixty-five
per cent. of coke remains as a residuam. In
this sixty-five per cent. of coke there is fifty-
four per cent. of fixed carbon.

(which will cause a
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The calorific power of one pound of this fuel '

may be summed up as follows: five per cent.
of hydrogen, seventeen hundred and thirty-
three units centigrade, thirty per cent. of car-
bon combined with hydrogen in the volatile
matter,twothousand four hundred and twenty-
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four units centigrade, fifty-four per cent. of

fixed carbon in the coke, four thousand three
hundred and sixty -three units centigrade,
making atotal of eight thousand five hundred
and twenty (8,520) umts centigrade. Of this

eight thousand five hundred and twenty units
ocntlorftde contained in the coal thirteen hun-
dred and thirty-five (1.835) units centigrade
are set free as sensible heat in converting the
fifty-four percent. of fixed carboninto carbonic
oxide, (CO,) and seven thousand one hundred
and eighty-five (7,185) are carried overin the
gases as static or occluded heat, thus showing
that sixteen per eent. of the static (latent) ca-
loric of the fuel is developed into sensible
heat, and eight-four per cent. is occluded in
the gases as static, (occluded,) to be devel-
oped during their final combustion.

‘When the gas produced is to be used direct
for heating purposes, the entire amount of ca-
lorie, both as sensible and latent heat, may be
utilized with the exeception of what may be
lost by radiation; but when the volatile mat-
ter of the fuel is to be ased asilluminating gas,
it will require to be passed through a wash-
ing and purifying operation, which will con-
dense a considerable portion of it into tar, and
the sensible heat will be lost by condensation
and radiation; but the tar may be injected into
the incandescent portion of the fuel and con-
verted into ecarbonic oxide and hydrogen gas,
as before stated.

‘When all the combustible matter of the fuel is
tobeconverted into gases for heating purposes,
the air-blast is continuously injected into the
combustion-chamber, and charges of fuel are
fed into the producer at proper intervals to
keep the column of fuel of a sufficient height
to reduce the carbonicacid to carbonic oxide.
In this operation the admission of the blast
will cause a partial vacuum at the upper por-
tion of the combustion-chamber, and the va-

por drawn into it will be partly composed of

hydrocarbon gases, and the resulting produets
of combustion will be carbonic acid and steam.
When these products are forced into the in-
candescent fuel, the CO, (carbonic acid) is de-
composed to CO, (earbonic oxide,) the steam
is decomposed, the hydrogen is set free and

passes off with the gases, while the oxygen of

the steam unites with a portion of fixed car-
bon forming CO, (earbonie oxide.) In this
case, as in those before mentioned, the caloric
developed in the combustion-chamber is again
occluded in the decomposition of the fuel 'md
recomposition of the gases.

In condueting the pleceding operation, it
may be observ ed that the products of combus-
tion (steam and -carbonic acid) which are
forced into the base of the producer may be
obtained by other means than by the combus-
tion of a portion of the gases {rom the pro-
ducer, as before described.

In the operation of the producer,when illu-
minating-gases are to be produced from the
volatile matter of the fuel, the hopper is

charged, turned over, and the fuel is dropped
)

on top of the incandescent coke. The air- blast
is excluded from the combustion-chamber,and
the volatile matter of the fuel is vaporized by
the heat from the incandescent ecoke and from
the walls of the producer. These hydrocarbons
may be withdrawn into a gas-receiver by any
suitable meaus, and the air-blast may beagain
let on into the combustion-chamber until the

fixed earbon of the fuel is converted into CO, .

(carbonic oxide.) Thus it will be seen that
the producer may be used for the production
of both illuminating and heating gases from
the same charge of fuel.

‘When the eutire product of the fuelis to be

used for heating purposes alone, the blast may
be injected continuously into the combustion-
chamber. In- either case, however, the tem-
perature at the base of the fuel will "be gener-
ally sufficiently high to fuse the slag and cause
it to flow in aliquid condition out of the slag-
vent; but in some cases, where the ash of the
fuel is highly silicious, it may be necessary to
chargea little lime or oxide of iron, or of both,
to facilitate the fusion of the slag. Although
the temperature at the base of the fuel will be
sufficiently high to fuse the slag, that of the
escaping gases will be very low, as five pounds
of gas are produced from each pound of fuel
consumed; and as thirteen hundred and sev-
enty-five (1,375) units centigrade of sensible
heat will be developed from each pound of
fuel charged, it will be seen that less than two
hundred and sixty-seven (267) units centi-
grade will be present in each pound of escap-
ing gas, as a portion of the sensible heat will
be taken up by the slag and a portion will be
lost by radiation from the walls of the pro-
ducer. To secure these results, however, it is
necessary that the eolumn of fuel in the pro-
ducer should be of sufficient height to decom-
pose all the carbonic acid to carbonie oxide,
and thus occlude all the caloric developed in
the gas combustion chamber. 1If the column
is not of sufficient height, a portion of the ear-

bonic acid will be carried over, as well as the,

sensible heat developed in the production of
the same, and thus create a mueh higher tem-
perature in the top of the producer. The
height of the column of fael will range from
three (3)to twenty (20) feet, depending on the
veloeity of combustion in the gas-combustion
chamber and the rapidity of the ascension of
the gases through the incandescent fuel. Thus
when a smallamount of gas is desired, a short
column of fuel may be used to advantage; but
when a larger volume is desired, a larger
amount of air must be forced into the combus-
tion-chamber and a higher column of incan-
descent fueliskept constantly inthe producer.

In case it is desired to produce gas of an
illuminating quality only, a producer compe-
tent to sustain a high column of fuel should
be used. In this case a small portion of coke
should be charged into the producer and heated
to anincandescent temperature, and the gases
arising from this action should be allowed to
escape into a suitable stack through pipe A,
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having the valve mechanism ¢ ¢. When the
producer becomes sufficiently heated, fresh
coal is charged into the produncer, the stack F
is then closed by its valve mechanism f’ 57,
and the valve to a gas-receiver opened. The

. heat from the incandescent coke and from the
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walls of the producer volatilizes the volatile
matter of the fresh fuel into hydrocarbons.

‘This gas is then drawn into the receiver, its

valve is closed, and the stack-valve is opened.
The air-blast is then let on, and the coke and
the walls of the producer are again raised to
a high temperature, and the valves are again
reversed and a charge of fresh fuel is fed
through the hopper into the producer. Thus
it will be observed that a continnous series of
intermittent operations may be performed by
alternately heating up the cokeand walls of the
producerand then charging fresh fuel, vaporiz-
ing the volatile matter, and withdrawing the
gas. ‘When the column of coke resulting from
these operations has accumulated until it
reaches nearly to the top of the producer, the
caps covering the openings O O O are with-
drawn and steel bars are inserted intothe open-
ings and forced through the fuel. The boftom
plate is then lowered, the coke below the sus-
taining-bars is withdrawn, and the bottom is
closed, and the sustaining-barsare withdrawn,
and the coke above the bars drops onto the
bottom,which has again been raised and fast-
ened into position. The operation of heating
the coke and producer and then produeing
illuminating-gas may be repeated in the man-
ner before stated, so that coke and illuminat-
ing-gas may be produced from the fuel with
but slight loss and without any external heat-
ing arrangement.

The advantages of my invention are, first,
the entire combustible matter of the fuel may
be converted into fixed gases for heating pur-
poses; secondly, the entire volatile matter of
the fuel may be converted into and withdraw
as illuminating-gas, if desired, and the fixed
carbon of the fuel may then be converted in-
to gas for heating purposes; third, the oper-
ation may be continuous, as no stoppage is
necessary for charging the fuel or while clean-
ing, as the ash is caused to flow out of the
slag-vent in a fused condition; fourth, the en-
tire combustible matter of the fuel may he
converted into earbonie oxide and hydrocar-

3

bons; fifth,the gas may be produced free froz
carbonie acid.

In the operation of my improvement,whe:
the blast is blown into the eombustion-cham
ber it will cause a slight pressure of gasinth
producer, and when the blast is shut off th
vapor arising from the volatile matter of th
fresh fuel charged will also produce a sligh
pressure, so that it will be perceived that i
both cases a sufficient pressure will be had
Prevent the admission of abmosphericairint
the producer.

Having described my invention, what
claim, and desireto secure by Letters Patent
is— -

1. Theprocess of manufacturing fixed gases
which consists in first charging fresh fuel o1
top of a mass of incandescent coke in a close
producer; secondly,withdrawing a portion o
the vapor arising therefrom and consuming i
in an exterior combustion-chamber; thirdly
forcing the resultant products of combustior
through the fuelin the producer, and, fourthly
condensing the unfixed gases arising from the
products by a separate condensing-chamber.
and returning the condensed products into the
incandescent portion of the fuel, substantially
as described.

2. Thecombination,with a gas-producer, A,
a gas-main, A’, and a steam-injector, @, of the
condenser D, connected with the gas-main af
its upper end and at its lower end with the
injector by valved piping, as and for the pur-
pose set forth. .

3. The’ combination of a closed producer,
two exterior side ehambers, of which one is
provided with means for burning and the other
for condensing gases, pipes for connecting each
chamber with the upper and lower portions of
the producer, a blast-pipe in the upper part
of the combustion-chamber, and a steam-in-
jector between the condenser and the pro-
ducer,all constructed and arranged toallow the
whole combination to be used, substantially
as deseribed,

Intestimony whereof I have hereuntoset my
hand.

JACOB REESE,
Witnesses:

FrANK M. REESE,

JAMES H. PORTE.




