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 UNITED STATES

1,867,102

PATENT OFFICE

WALTER M, RUSSELL, OF WELLESLEY, MASSACHUSETTS, ASSIGNOR TO THE GAS MA-
CHINERY COMFANY, OF CLEVELAND, OHIC, A CORPORATION OF OHIO

PROCESS OF MAKING WATER GAS

Application filed September

My invention relates to water gas sets de-
signed to- carbonize and completely gasify
bituminous coal and to manufacture water
gas in one ‘apparatus. My invention also
comprehends improved methods of operating
said sets. . ' o

The particular objects and advantages of
the invention are as follows:

To eliminate smoke nuisance;

To recover more coal gas than any bitumi-
nous coal water gas apparatus with which I
am acquainted, and thus to obtain a higher
B. t..u. in the final gas with the use of less
oil for earburation, this recovery of coal gas

15 effecting practically complete gasification of

the volatile elements in the coal as distin-
guished from the complete-destruction of the
coal gas in the usual water gas sets;

~ To make possible down-blasting throu'gh

20 the lower part of the generator;

- To permit back up-running by admitting
steam or water at the topof a superheater
extension; ’ »

To keep the carburetor and superheater

%5 checkerbrick at the usual operating tempera-

tures by the use of water evaporated and
superheated in said superheater extension or
steam superheated therein, thus obviating ex-

cessive cooling of the checkerbrick regularly

30 ysed in the carburetor and superheater ;

To recover oil from the coal instead of tar
and pitch; - :

“To econiomize in fuel imasmuch: as the hot

toke is delivered to the generator by gravity

55 and there is no cooling of the generatorcaused

490
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by the dropping in-of fresh charges of cold
fuel; and . o ‘

To increase the flexibility of operation and
control since both ends of the set are main-

tained comparatively cool. _
Other objects and advantages will appear
in detail in the description hereinafter given
by reference to the accompanying drawing.
The annexed drawing and the following
deseription set: forth in detail certain means
illustrating my improvements in water gas
sets and the steps by whiech my improved
method may be carried out, such means and
steps constituting, however, but one of the
forms and but one of the series of steps, re-

4, 1928. Serial No. 303,745.

spectively, in which the prineciples of my in-
vention may be embodied or by which they
may be carried out.. The claims in this ap-
plication are limited to the improved. process.

The drawing represents diagrammatically
and partly in vertical section a water gas set
embodying that part of my invention which
relates to the apparatus and also serving to
Hlustrate means by which the improved proc-
ess may be carried out.

Referring to the annexed drawing, a wa-
ter-gas generator 27 is formed with an up-

per coal compartment 1 and a lower: coke

compartment 2, this generator being pro-
vided with a charging valve 22, a down-blast
connection 19 having a valve 197, an up-

55
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blast connection 26 having a valve 26’, an -

upper steam connection 24 having a valve 23,
a steam connection 6 having a valve 18 and

communicating with the generator 27 inter-

mediate the top and bottom thereof and sub-
stantially * centrally - thereof, and a  lower
steam connection 7 provided with a valve 7.

The bed of solid fuel in the generator 27

comprises an upper coal carbonizing zone,
corresponding substantially to compartment
1, and a lower gas generating zone, corre-
sponding substantially to compartment 2.
A’ carburetor 8 and a superheater 4 having an
upward extension 5 are.also provided, the
carburetor and superheater with its exten-
sion having checkerbrick oriother heat stor-
ing means. Connecting the generator 27 and
the carburetor 3 is a pipe 11 serving as an
upward-blast offtake, this pipe 11 being pro-
vided with a valve 15 and communicating
with the top of the carburetor 3, and with
the generator 27 about midway of its height.
Communicating with the pipe connection 11

and the bottom of the coking chamber 2 is *

a'pipe 10 provided with a valve 14, the valves
14 and 15 may be interconnected so that when
one is closed the other is open. Communi-
cating with the top of the carburetor 3 is an
air blast connection 20 provided with a valve
20" and an oil inlet 25 provided with a valve
25’.  Connected to the lower portion of the
carburetor 8 and the lower portion. of the
superheater proper 4 is a pipe 28. Commu-

“nicating with the superheater between the
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lower portion 4 and the upper extension
is a gas off take 13 provided with the valve
17 and communicating with the seal 29. Also
connected with the seal is a pipe 12 provided

. with a valve 16 and communicating a* its

other end with the top of the coal chamber 1
of the generator 27. " A stack valve 21 at the

- top of the superheater extension 5 cominu-

B

o

nicates with the usual stack 30, and commu-
nicating with the superheater extension 5
below said stack valve 21 is a water pipe 9
provided with a valve 9’ and a steam pipe 8
provided with a valve 8. '

The improved combination of elements

; hereinbefore described and shown in the ac-

companying drawing serve as means for il-
lustrating one way of carrying out-my im-
proved method which is as follows:

Two kinds of cycles of operation are

o utilized and I term one a special cycle,

utilized immediately after coaling the gen-
erator 27, and the others, regular cycles, of
which a number are carried out subsequent
to the special cycle: After the compartment
1 of the generator 27 has been coaled, as-
suming that the coke compartment 2 ig filled,
the valves 197, 14, 20" and 21 are opened and
all of the other valves closed, so that air
blasting. can be effected down through the
generator 27 commencing at about the' uen-
tral portion thereof, up through the connec-
tion 10, down through the carburetor 3, up
through the superheater proper 4 and the
superheater extension 5, and out into the
stack 80. Air is admitted through valve 20’
to burn, in carburetor 3, the air blast gas
from-coke compartment 2. Then the valves
197, 20" and 21 are closed, and the valves 17
and 18 are opened, and a down-run through
the highly heated lower gas generating zone
of the fuel bed is effected with steam admit-
ted through steam connection 6 at about the

center of the generator 27, the blue water -
_gas offtake being through the connection 13
i 1nto the seal 29. The valves 77 and 16 are

then opened and all of the other valves closed,
the valve 14 remaining open, and an up-ruin
effected -with steam admitted through steam
connection 7 at the bottom of the. coke com-
partment 2, the gas offtake being from the
top of the coal compartment 1 to the seal 29
through the connection 12.- The valve 7’ is
then closed and the valve 8" opened and a
back up-run effected with steam ‘admitted
at the top of the superheater extension 5, the

-gas offtake being from the top of the <doal

compartment 1 to the seal through the pipe
connection 12. If desired, or jointly with
the steam admission through the inlet 8, wa-

“%-ter may be admitted through the inlet 9. i

which case the valve 97 is opened, during the
up-run water gas step just described, the
water  being evaporated and  steam super-
heated ‘n the euperheater extension 5.

"t tbove - perations complete ‘what I -
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term the special cycle, after which several
regular cycles of operations are effected as
follows. o

~ The valve 26’ in the up-blast connection

96 is opened together with the valves 15, 20" *

and 21, all other valves being closed, which
effects an up air blast through the water
gas generating coke bed in compartment 2

of the generator 27, through the connection-

11, down through the carburetor 3, up
through the superheater 4 and superheater
extension 5 and into the stack 30. A down-

‘run to make carbureted water gas is then ef-

fected by opening the valves 18, 14, 25" and
17, all other valves being closed, thus admit-
ting steam to the central part of the gen-
erator 27, the blue water gas being conducted
to the carburetor 8 through the pipe.connec-
tion 10, there it is enriched with oil admit-
ted through oil inlet 25 into the top of car-

buretor 3 the gas office being through the con-

o0

nection 13 and to the seal 29. “A run which ,

is optional is then effected by opening valves
7' and 16, all other valves being closed, valve

14 remaining open, this optional run be- °

ing an up-run effected with steam admitted
at the bottom of the coke compartment. 2,
or-at the top of the superheater extension 5,
the gas offtake being from the top of the coal

compartment 1. through the connection. 12

to the seal 29. A back up-run is then effected . -

by opening valve 8’, leaving valves 14 and 16
open and closing all other valves, whereby
steam is admitted at the top of the super-

heater extension 5, or water through the con-

nection 9 by opening the valve 9’, or both,
if desired, the superheated steam issuing
from the top of the carburetor 3 into the con-

nection 10 and thence upwardly through the

coke compartment 2 and the coal compart- !

ment 1, the gas offtake being through the con-

nection 12 into the seal 29. , oo
The set of operations last described com-
pletes one of the regular cycles, and after
several of these regular cycles have been
made, the charging valve 22 is opened to
again coal the generator compartment 1.

If the heat of the checkerbrick in the car-
buretor 3 and the superheater 4 permits or
requires occasional blow-runs can be effected
by air blasting for a short.period through
the entire fuel bed in the generator 27:and
conducting the gas through the connection
12 to the seal 29. , :

The steam connection 24 and its control-
ling valve 28 serve to furnish purge steam,
and also to-provide a steam curtain'in the
coal compartment 1 before charging the lat-
ter. During forward water gas runs, when
the gas offtake is from the top of the super-
heater-lower portion 4 threugh the connec-
tion 13 into the seal 29, some steam may be
admitted through the connection 8 to form a
seal in the superheater extension 5 and also

to obviate any untoward effects by reason of

P
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any leakage around the stack valve 21. The
superheater 4 and the superheater extension
5, although enclosed in a continuous steel
outer shell, are not a single chamber in ef-
fect, but the superheater portion 4 filled
with checkerbrick is a normal superheater as
found in any usual water gas set and the off-
take from this superheater portion 4 is at
about the normal height of the offtake of any
superheater, the extension 5 serving to su-
perheat steam admitted through the connec-
tion 8 or evaporate and superheat water ad-
mitted through the connection 9, thus keep-
ing the checkerbrick of the normal superheat-
er member 4 and the carburetor 3 at the usual
operating temperatures, and not cooling them
excessively by reason of superheating steam
therein or evaporating and superheating wa-
ter therein. The gases obtained by the up-
ward air blasting do not pass through the
coal in the compartment 1 but the heat in
said gases is effectively used, except during
the occasional blow-runs mentioned, to heat
the checker-brick in the carburetor 3, super-

5 heater portion 4 and superheater extension

5, by providing an offtake for these blast
gases at about the mid-height of the gen-
erator 27. Carbonization of the coal in the
compartment 1 is effected by the up-run blue
water gas and by the heat conducted from
the coke compartment 2 of the generator 27,
and at times by blow-running through the
up-air blast conduit 26. No carburation of
the blue water gas is effected during the spe-
cial cycle but this operation is limited to the
down-runs of the regular cycles of opera-
tions. The steam back runs are limited to
up-runs through the generator and no use
is made of back down-runs.

The arrangement of apparatus and the cy-
cles utilized malke possible the use of less oil
than ordinarily used because of the compara-
tively great amount of coal gas that is recov-
ered from the bituminous coal, which coal
This high
recovery of coal gasis due to the back up-run-
ning and the avoiding of passing the coal
gas through the fire and hot checkerbrick.

The apparatus as a whole and the use of the
method of operation described, result in a
coke producing process and also in water gas

manufacture by the use of bituminous coal |

whose volatile elements are completely gasi-
fied.

Due to the fact that the coal in the upper
part of the compartment 1 is mostly cold, and
due to the steam curtain which can be pro-
vided by use of the steam connection 24, and
the provision of the central blast gas offtake
from the generator 27, instead of normal air
blasting through the whole generator, smoke
nuisance is largely eliminated.

‘When water is admitted to the top of the
superheater it is preferably admitted hot and

> is evaporated and the resulting steam is-su-

3

perheated in the superheater extension. 5.
Thus considerable saving is effected in ex-
pense of boiler fuel for making steam. This
admission of water is made practicable by
the use of the superheater extension 5, When
checkerbrick are cooled excessively, emul-
sion troubles are caused in the tar and liquor
obtained by plant operation, but I obviate
this by reason of the use of the superheater

extension 5 and still leave sufficient checker- ;

brick in the normal superheater portion 4
to fix the gas properiy by reason of increas-
ing the height of the superheater and tak-
ing the forward-run water gas off from the
top of the superheater portion 4, at about
the height of a normal superheater.

In the following claims, the term “aqueous
fluid” is intended to mean water or steam, or
both water and steam, the term “steam” com-

prising either wet steam or dry steam, or

both. That is, “aqueous fluid” comprises wa-
ter in any or all its liquid, vapor and gas
states.

What I claim is:

1. A process of making carbureted water
gas in a set comprising a single generator
having a solid fuel bed including an upper
coal carbonizing zone and a lower gas gen-
erating zome, a single carburetor having
checkerbrick therein, and a single superheat-
er having checkerbrick therein; which proc-
ess comprises a special cycle of steps and a
reguiar cycle of steps following said special
cycle; said special cycle comprising air-blast-
ing the lower zone only of the fuel bed, burn-
ing the blast gases and heating the checker-
brick in the carburetor and superheater, then
passing steam through the highly heated
lower zone only of the fuel bed and generat-

ing water gas, passing the water gas through :

the carburetor and the lower portion of the
superheater, withdrawing the water gas from
an intermediate portion of the superheater,
then passing steam through the upper zone of

the fuel bed and withdrawing the resulting i

gas directly from said upper zone and from
the generator, then admitting aqueous: fluid
to the heated checkerbrick in the upper por-
tion of the superheater above the interme-

diate gas offtake, passing steam downward-

ly through the superheater, through the car-
buretor and through the fuel bed in the

"generator, and withdrawing the resulting gas

directly from the generator ; and said regular

cycle comprising air-blasting the lower zone 2

only of the fuel bed, burning the blast gases
and heating the checkerbrick in the carbure-
tor and superheater, then passing steam
through the highly heated lower zone only of

the fuel bed and generating water gas, pass- -

ing the water gas threugh the carburetor and
enriching the water gas by adding oil there-
to, passing the enriched water gas to the low-
er portion of the superheater and fixing the
oil vapors mixed with the water gas, with-
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drawing. the carbureted water gas from an
intermediate portion of the superheater, then
admitting aqueous fluid to the heated check-
erbrick in-the upper portion of the super-
heater above the intermediate gus offtake,
passing steam downwardly through the su-
perheater, through the carburetor = and
through the fuel bed in-the generator, and
withdrawing the resulting gas directly from

the generator.

2. A process of making carbureted water
gas-in-a set comprising a single . generator
having a solid fuel bed including an upper
coal carbonizing zone and a lower gas gen-
erating zomue,  a single carburetor having
checkerbrick therein, and a single superheater
having checkerbrick therein; which process
comprises a special cycle of steps and a plu-
rality of regular cycles of steps following
said special cycle ; said special ecycle compris-
ing air-blasting the lower zone only of the
fuel bed, burning the blast gases and heating
the checkerbrick in the carburetor and super-
heater, then passing steam through the high-
Iy heated lower zone only of the fuel bed
and generating water gas, passing the water
gas through the carburetor and. the lower

- portion of the superheater, withdrawing the

water gas from an intermediate portion of
the superheater, then passing steam through
the fuel bed and withdrawing the resulting
gas directly from the top of the generator,
then admitting aqueous fluid to the heated

checkerbrick in the upper portion of the

superheater above the intermediate gas off-
take, passing steam downwardly through the
superheater;  through the carburetor and

through the fuel bed in the generator, and:

withdrawing the resulting gas directly from
the generator ; and each of said regular cycles
comprising air-blasting the lower zone only
of the fuel bed, burning the blast gases and
heating the’ checkerbrick in the carburetor
and superheater, then passing steam through
the highly heated lower zone only of the fuel
bed and generating water gas, passing the
water gas through the carburetor and enrich-
ing the water gas by adding oil thereto, pass-
ing the enriched water gas to the lower por-
tion of the superheater and fixing the oil va-
pors mixed with the water gas, withdrawing
the carbureted water gas from an intermed-
ate porticn of the superheater, then admitting
aqueous fluid to the heated checkerbrick in

the upper portion of the superheater above.

the intermediate gas offtake, passing steam
downwardly — through ~the superheater,
through the carburetor and through the fuel
bed in the generator, and withdrawing the
resulting gas directly from the generator.

- 8. A process of making carbureted water
gas in a set comprising a single generator
having a solid fuel bed including an upper
coal carbonizing zone and a lower gas gen-
erating ‘zome, a single -carburetor having

1,867,102

checkerbrick therein, and a single super-
heater having checkerbrick therein; which-
process comprises a special cycle of steps-and
a plurality of regular cycles of steps follow-

ing said special cycle; said special cycle com- -

prising air-blasting downwardly through the
lower zone of the fuel bed, burning: the blast
gases and heating the checkerbrick in the car-
buretor and superheater, then admitting

steam to the lower zone of the fuel bed and

passing the steam downwardly therethrough
and generating water gas, passing the water
gas through the carburetor and the lower por-
tion of the superheater, withdrawing the
water gas from an intermediate portion:of
the superheater, then passing steam through
the upper zone of the fuel bed and withdraw-
ing the resulting gas directly from said upper
zone and from the generator, then admitting

aqueous fluid-into the upper portion of the

superheater and heating it to superheated
steam, passing the steam  downwardly
through the superheater, through -the car-
buretor and through the fuel bed in the gen-

erator, and withdrawing the resulting gas di- +

rectly from the generator; and each of said
regular cycles comprising air-blasting up-
wardly throughthelower zone of the fuel bed,
burning the blast gases and heating the
checkervrick in the carburetor and  super-
heater, then admitting steam to the lower
zone of the fuel bed and passing the steam
downwardly therethrough and- generating
water gas, passing the water gas through the
carburetor and enriching the water gas by
adding oil thereto, passing the enriched water
gas to the lower portion of the superheater
and fixing the oil vapors mixed with the
water gas, withdrawing the carbureted water
gas from an intermediate portion of - the
superheater, then admitting aqueous fluid
into the upper portion of the superheater
and heating it to superheated steam; passing
the steam downwardly through the super-

30
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heater, through the carburetor and through 1o

the fuel bed in the generator, and withdraw-
ing the resulting gas directly from the
generator. ‘ : o

4. A process of making carbureted water

gas in a set comprising a single generator

having a solid fuel bed including an  upper
coal carbonizing zone and alower gas generat-
ing zone, a single carburetor having checker-
brick therein, and a single superheater hav-

ing checkerbrick therein ; which process com- -+

prises a special cycle of steps and a plurality
of regular cycles of steps following said
special cycle; said special cycle comprising

air-blasting downwardly through the lower
zone only of the fuel bed, burning the blast =

gases- and heating the checkerbrick in the
carburetor and superheater, then passing
steam downwardly through the highly heated

lower zone only of the fuel bed and generat- .

-Ing water gas, passing the water gas through
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the carburetor and the lower portion of the
superheater, withdrawing the water gas from
an intermediate portion of the superheater,
then passing steam upwardly through the
entire fuel bed and withdrawing the result-
ing gas directly from the top of the generator,
then admitting aqueous fluid to the heated
checkerbrick in the upper portion of the
superheater above the intermediate gas off-
take and heating said fluid to superheated
steam, passing the steam downwardly
through the lower portion of the superheater,
through the carburetor and upwardly
through the fuel bed in the generator, and
withdrawing the resulting gas from the top
of the generator; and each of said regular
cycles comprising air-blasting upwardly
through the lower zone only of the fuel bed,
burning the blast gases and heating the
checkerbrick in the carburetor and super-
heater, then passing steam downwardly
through the highly heated lower zone only
of the fuel bed and generating water gas,
passing the water gas through the carburetor
and enriching the water gas by adding oil
thereto, passing the enriched water gas to the
lower portion of the superheater and fixing
the oil vapors mixed with the water gas, with-
drawing the carbureted water gas from an
intermediate portion of the superheater, then
admitting aqueous fluid to theheated checker-
brick in the upper portion of the superheater
and heating said fluid to superheated steam,
passing the steam downwardly through the
superheater, through the carburetor and up-
wardly through the fuel bed in the generator,
and withdrawing the resulting gas from the
top of the generator.

5. The process set forth in claim 1, with an
additional step in the regular cycle after
withdrawing the carbureted water gas from
the superheater, said additional step compris-
ing passing steam through the upper zone of
the fuel bed and withdrawing the resulting
gas directly from said upper zone and from
the generator. ‘

6. The process set forth in claim 2, with an
additional step in each regular cycle after
withdrawing the carbureted water gas from
the superheater, said additional step compris-
ing passing steam through the fuel bed and
withdrawing the resulting gas directly from
the top of the generator.

7. The process set forth in claim 3, with an
additional step in each regular cycle after
withdrawing the carbureted water gas from
the superheater, said additional step compris-
ing passing steam through the upper zone of
the fuel bed and withdrawing the resulting
gas directly from said upper zone and from
the generator.

8. The process set forth in claim 4 with an
additional step in each regular cycle after

withdrawing the carbureted water gas from

the superheater, said additional step compris-

5

ing passing steam upwardly through the en-
tire fuel bed and withdrawing the resulting
gas directly from the top of the generator.

9. The process set forth in claim 2, char-
acterized by charging coal into the generator
before the special cycle and admitting steam
into the top portion of the generator con-
currently with the charging. '

10. The process set forth in claim 2, char-
acterized in that the aqueous fluid admitted
at the top of the superheater comprises water

-and characterized by generating steam from

said water in the upper portion of the super- -

heater above the intermediate gas ofttake.

11. The process set forth in claim 2, with an
additional step occasionally during the regu-
lar cycles, said additional step comprising
air-blasting upwardly through the fuel bed
and withdrawing the blast gases directly
from the top of the generator. :

Signed by me this 27th day of August, 1928.

‘ WALTER M. RUSSELL.
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