J. A; SINGMARSTER. -
MANUFACTURE OF PRODUCER GAS,
APPLICATION FILED SEPT. 20, 1010,

1,033,127. : Patented July 23, 1912.
‘ 2 SEEETS-SHEET ]
o Mo T
W ..,/ | =

6/
k ::E 10 - "_._'ﬂ‘
v i )
L& | “
' H |
?ﬁ ; I1
, ; | o
S ‘—' - ?,‘5 ._—._,_9.__$_‘3
i 21
13”/’% [ 7
70 vl
§
S; iR !:1 _ .
: 3 &/ I

=




J, A, SINGMASTER.
MANUFACTURE OF PRODUCER GAS.
APPLIOATION FILED SEPT. 20, 1910,

1,033,127. Patented July 23, 1912

2 SERETS—BHERT 3,

% - Frd

79

28 -

»
T ‘

A AR AL

Ers
78
' 23
@ R0 | g
7 S .
. 26 70
A 2 78
2 L2 ceecirr =4
9" M f/[
o ,
4
. X
30 2

e Gt ey

3‘994%

#ﬁ/& o x %8y, 4 2umm, _‘ -!V. |



10

(8
[

30

40

To all whom it may concern:

'UNITED STATES PATENT OFFICE.

JAMES ARTHUR SINGMASTER, OF PALMERTON, PENNSYLVANIA.

MANUFACTURE OF PRODUCER-GAS.

1,033,127,

Specification of Letters Patent.

a

Patented July 23,1912.

Application filed September 20, 1910. Serial Ne. 582,827.

Be it known that I, James Arriur SiNG-
MASTER, & cilizen of -the United States, re-
siding at Palmerton, Carbon county, Penn-
sylvgnia, have invented the new and useful
Improvenients in the Manufacture. of Pro-

ducer-Gas described in the following and.

true specification.

The improvement congists in the manner
of presenting the fuel to the action of the
draft element, and comprises a method
wherein the fuel, such as coal or coke, is
cauged to advance progressively in the form
of a relatively shallow stream or layer in

continuous contact with an advancing and’

relatively shallow overlying gaseous current
or draft which comprises air and moves 1n

-opposite direction to the fuel as more fully
“described below. :

- Tn the usual methods of making producer
or generator gas, a draft of air is blown or
sucked through a relatively deep bed of ig-
nited fuel held in the casing of the producer
and replenished from time fo time. For
such methods the size of the fuel particles
must be large enough to allow the draft to
pass through the deep bed without becoming

‘unduly checked and with substantial uni-

formity throughout the cross-section of the
mass, while at the same time the particlés
must be small enough to insure a desirable
mraximum contact of the air draft with the
fuel to preveni unchanged air going through
the fuel to react with the gas produced.
This. limitation as to the size of the fuel
particles excludes the use of the cheaper
forms of finely divided fuel such as culm
bank coal, coal dust, ete. . Moreover when
the gas passes downwavd through the decp

bed of fuel, at the peint where the gas es-

capes al the lower level, its reactivity is
practically nil and much of the fuel for this
reason is apt-to go to waste. It is one ob-
ject of this invention to obviate this waste
of fuel. On the other hand when the draft
is upward through the fuel the maximum
temperature is gained in the lower part of
the fuel bed where the material is relatively
rich in ash, which is apt to cause slagging,
clinkering and other familiar difficulties,
which ¢an only be in part obviated by mix-
ing the alr with endothermic bodies such as

steam, stack gas, ete. The introduction of
steam with the air draft is apt to produce
an undesirable reduction of temperature at
the lower zone of the fuel bed and renders
the gas produced unsuitable for some pur-
poses. In any case the deep-fuel bed method
of gas-producing is more or less subject to
an objectionable lack of uniformity of ae-
tion, because the air draft is apt to pass
through the fuel mass in greater volume at
one point than another, which gives rise fo
cratering or pitting and other difficulties

which become more conspicuously objection- .

alle as the size of the individual fuel par-
ticles is diminished. _

The present invention provides a gas pro-
ducing method in which the several objec-
tions above.alluded to are largely reduced
or avoided and in which the smallness of
the fuel particles is an' advantage rather
than a detriment. Instead of maintaining a
deep stationary bed of fuel and passing the
gas through it, 1 convert the fuel into a
moving shallow layer, bed or stratum, and

cause it to advance through a heated zone.

The traveling fuel stream is supported on
the floor of a low chamber or conduit in
such manner as to leave a relatively shal-
low channel or passageway above it, be-
tween its upper surface and the roof or cov-
ering of the chamber. The draft current is
passed through this channel, over and in

_close contact with the shallow fuel stream

and in a direction that is opposite to the
general movement of the latter so that the
products of complete combustion at first
formed are thus moved from an oxidizing
vegion into a region of reducing character-
istics wherein they are sufliclently deoxi-
dized to acquire a desirable fuel value. On
the other ~hand as the fuel progressively

-moves forward it meets a draft cuvrent of

increasing oxidizing power until finally it is
discharged as ash practically free of fuel
value. The contact of the ash with the
draft current indeed may be prolonged be-
vond this point since the relatively cool in-
coming air will prevent slagging or clinker-
ing, whilé the hot ash on the other hand
tends to heat up the air. “The moving layer
of fuel may be made to travel forward by
the use’of any suitable means of conveyanece,
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and the movement is conducted in such man-
ner that the shallow mass or layer of par-
ticles is kept in constant commotion so as to
bring different and constantly changing por-
tions or particlesof the fuel to the upper sur-
face. where it may meet and have contact
with the gaseous draft.
fuel ave thus successively brought to the up-
per surface. The gaseons draft encounters
the fresh fuel in increasing amounts as it
progresses through its course, and the sue-
cessive conversion of the oxygen first into
‘carbon dioxid and thea into carbon monoxid
is thus insured in an effective manner. '

In the accompanying illustration I have
shown, more or less diagrammatically, cer-
tain organizations of apparatus elements

indicating the operation and nianner of-

performing the present inventién, and
wherein .

Figure 1 is a purely diagrammatical rep-
resentation of the arrangement of the fuel
and air current; Fig. 2 1s a vertical section
of a gas producer under the present iri¥en-
tion, certain parts being shown in eleva-
tion; Fig. 3 is a horizontal section of &

more * elaborate and compact apphratus’

adapted for carrying out the method; and
Figs. 4 and 5 are modified forms of struc-
ture. _ N o
In Fig. 1, clement 1 represents a contluit
of any_suitable refractory material and of
considerable length. ~Into this conduit at

one end 1s fed the fuel 2 which, advanta--

geously and fof reasons of ecomomy, is
finely "divided fuel. . Any suitable feeding
device may be used, such as the hopper in-
dicated at' 8. The fuel is caused to advance
along the bottom of the conduit as a thin

» traveling layer 4, by means not shown in

this figure, but adapted to cause continual
change in the arrangement or relative posi-
tions of the fuel particles. The conduit
may rotate to cause forward feeding, but

¢ this is the least advisable means.of pro-

pulsion since it is difficult to secure the best
proportion between the fuel and the gas
spave thereabove with a rotating conduit of

any capacity. The conduit-should prefer-

ably be relatively-thin or shallow so that in
the length of the travel of the gas and fuel
therethrough, each will have opportunity
of thorough contact with the other, thereby
providing for the desired reactions between
the gas and the surface of the fuel stream.
The shallowness of the fuel and gas cur-

rents is thus somewhat dependent on’ the
Tength of the conduit. The relative ratio

of the fuel and of the draft current should
be such as to produce a combustible gas
inimum_amount of carbon dioxid.
The test of apprbpriate proportions_is the
attainment of complete reaction at the ter-
mination of the gas passage. The ash is
removed from the conduit by the ash con-

All particles of.
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ffeyér :5 and the hoppe’i- 6fzinw~ﬁhich it falls; -

these being indicated in Fig:'1 merely ina -
conventional way. The, air curreut 1s in--

troduced at the inlet 7 at-a ‘poinf near the
end of. the fuel course, where the traveling

70

layer is substantially a hot layer os ash,and,

the draft being of maximum oxidizing ca-
pacity at this point, any particles:of fuel
still' remaining unconsums
opportunity of combustion, while the rela-

in the ash have.

75

tive coo aess of the entering air prevents -
undue temperature in the ash at this pomnt "~

which might causé slagging and clinkering:
Reciprocally, of course - the air becomes
heated, taking up heat from the ash. The
development of heat is of coursesexothermic

being that due to- the oxidation of the. ifuel

by the air;.and this internal development

‘of heat takes place generally throughout
the. conduit and the total length- of the
latter is preferably such that beyond the
‘point where the air current is all converted -

.80

85

into fuel gas, there will be a,stretch of pas-: ="

sage in which no further oxidizing.ehe_mical__ 9
0

action can occur, so that in passing there-
through the gas will merely be cooled by

ployed. . = :

The continuous straight conduit indicated _

by Fig. 1 would, of course, in most cases he
somewhat cumbersome and undesirable in
practical operations, because of its length
and for the reason that radiation. losses
would be excessive, and therefore it.is de-

-association with the cool incoming fuel and

‘will thus leave the discharge passage 8 in
‘a -relatively cool state, having given up
‘much of its heat to the incoming fresh coal,
‘thereby preparing the: latter for its subse-
- quent combustion,coking it and giving some
_combustible gas, if bituminous fuel be em-
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sirable to divide thée course of the fuel and :

air currents’ into suceessive sections ‘which

-can be more compactly arranged. in the pro-

ducer apparatus.. I have found ﬂlat- a form
of roasting furnace now on thﬁ'marliet can
be readily adapted to my piirposes, and
Figs. 2 and -3 illustrate enough of such ap-
paratus to.indicate the manner of its use.
In Fig. 2, the vertical cylindrical tower 9 of
brick, is provided in its interior with a se-

ries of superposed annular shelves 10, each.

of which . is provided.- with one or ‘more
openings or drop-holés 11 leading fo the
next lower shelf. "The drop-holes of adja-

¢ent shelves are arranged out of vertical.

alinément. with' each other. A central hol-
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low shaft (12) -is appropriately journaled, -

as shown, to revolve within the series or
stack of shelves, fitting the inner edges of
the same in- a substariially gas-tight man-

125

ner, and-a series of radial arps 13 is car-.

ried’ by, the shaft extending into ‘the com-
partments between the shelves. Kach ‘arm
13, of which there tay be several for-each
compartment, is provided with depending
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plows or stirring blades 14, the whole or-
ganization being such ' that material de-
posited on the upper shelf will be progres-
sively pushed or scraped by -the arms or
blades 14 around and across that shelf and
toward the drop-holes 11 thereof, through

which it will fall onto the next lower shelf,’

on which it will be similarly moved, by
the arms and blades in that compartment,
and dropped to the next lower shelf, and
so on, until the lowermost shelf is reached.
from which the material will be discharged
throngh a short elbow conduit. 15, to be
thence removed.  The ash outlet is nor-
mally closed by a weighted flap door, as
shown. for preventing escape of the air cur-
rent therethrongh. ! ‘Fhere 15 thus provided,
in compact forur, a very long conduit
through which the shallow fuel layer 1
have above deseribed may be caused to
travel. The fuel is introduced to the first

or uppermost shelf from a feed hopper. in-

dicated at 16, or by any suitable continu-
means  adapted  to  prevent
escape of gas therethrough, and the revolv-
ing blndes 14 propel it with a plowing or
stirring action around and across each an-
nular shelf, thereby keepig it in constant

~agitation or commotion so that fresh fuel

surfaces will be thereby presented {o the
action ‘of the gas as above explained. The
shelves should be placed close together as
indicated so thal- the passage or gas space
above the fuel luver on each shelf will {orm
a relatively shallow passage, as indicated
in Fig. 1.” The air is introduced throngh
an inlet 17 near the drop-hole of the lower
shelf and passes upwardly through the suc-
cessive drop-holes and successively through
the shallow passages above the fuel stream
on each of the annular shelves, buining
with the fuel thereon iu the meantime, and

‘eventually becoming converted into fuel gas

as it reaches the uppermost compuartinent
from which it escapes through the gas out-
fet 18. ' o

The air eurrent traveling against the cur-
rent of fuel is preferably vot admixed with
endothermie bodies. sueh as steamebut it is
possible, nevertheless, to use stewm with the
air when it is desived to produce a gas rich

“in hydrogen, and it is possible to use * hal-

anced drafis ™ of -air and-endothermie bod-
ies, and parficidariy-1f the draft should be
introduced hot, and 1o nake use of other
modifieations as desired. The movement of

the air current is preferably produced by

pressure rather than by suetion.

Whare the fuel used is high in volatile

constituents, as.the case with lignite. gus-
coal, ete., the coking in the later stage and

formation of gases becomes very useful, and
one embodiment of the invention contem-
plates, as an additional step in the procedure
above described, a preliminary -heating of

the incoming raw fuel, before it meets the
gas current, for the purpose of distilling off
the volatile and tarry gases therein, so that

the latter can be either utilized separately .

or introduced into the course of the reactive
current at a point where the heat will be
sufficient to break them wp into fixed gases
suitable for admixture with the product gas.
In Fig. 4 I have illustrated a general scheme
of apparatus suitable for this purpose. The
apparatus there shown is identical in strue-
ture with the apparatus alréady described

nace proper, and the arrangement of their
several communications. The uppermost
chamber 18 has no gas outlet. The tuel in-
troduced therein by the feed device  and
moved over the chamber floor by the stirrer

“blades 14 thereof, falls through the long

channel or conduit 19, which leads through
but net into the next lower chamber, and is
deposited on the floor of the second lower
chamber 20. In this chamber it is ‘worked
by the stirrer arms toward and eventually
falls through another similar conduit 21, ise-
lated from the next lower chamber 26 and
leading to the second lower chamber, marked
22, From thence the fuel may pass succes-
sively and divectly into each of the mext
lower chambers through the drop-holes 11

as in the case first deseribed. The gas cur-

rent passing from the lower chambers into
the chamber 22 escapes into the chamber 26
and from thence through the flue 24 around
fuel chamber 20, into the intermediate cham-

70

75

except for the addition of several upper
chambers near the top of the producer fur--

80.
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ber 23, from whence it passes to the main .

gas outlet 25, giving up its heat i the
meantime to the fuel chambers 18 und 20
which its path embraces. These chambers,
it will be seen, thus serve as muflles in which
the traveling fuel is distilled out of contact
with the reactive gas current.  In the pres-
ent instance, the resulting larry guses and
products are allowed to pass along ‘with the
fixed carbon of the fuél becoming purified
thereby into contuct with the gas ciurrent at
a point in the chamber 22, but they may be
separately conducted to any desired point in
the course of the said current, if preferred,
50 long as they thereby become subjected {0
long enough and strong enough heating to
break them up as above stated, and prevent
their appearance as tarry matters in the
product gas. It will be understood that the
number of muflle chambers thus added to
the producer apparitus proper is dependent
upon the amount and nature of the volatile
matters in the particular raw fuel, to the
end of sufliclently separating them from the
fixed carbon therein, and that the number or

extent of the intermediate chambers con--

stituting the delivery end of the long gas
passage needs only be sufficient to insure the

‘desired degree of heating. For this pur-
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pose compléte heat reaction may be facili-
tated by interposing special means to that
end in one or more of the gas chambers or
passages, as for instance the brick checker-
work indicated partially at 27 in the cham-

~ ber 23. .
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If desired to introduce the tarry gases to
the reactive current at a point beyond the
point of introduction of the fuel, that is to
say, at a point below the chamber 22, the

stirrer blades 14 are arranged on their arms

in the chamber 20 so as to keep the passage
912 -leading to this- chamber, always filled
with fuel, as indicated at 28 in Fig. 5, which
thus constitutes a gas seal confining the
tarry gases to the muffle ‘chambers; from
whence they may be led off by a pipe or
channel 29 or in any. other suitable way, to
the point where it is desired to introduce
them into the course of the fuel and gas cur-
rents, as for instance’at 30. .

The relative amounts of fuel and of draft
current fed into the producer should al-
ways be such as to allow the production of a
combustible gas with a minimum of .carbon
dioxid as an effluent. Advantageously, the
amount of air in the draft current is restrict-
ed to an amount which will cause reactivity
of the draft current to stop at a point some
distance short of the entry of the traveling
layer of fuel into the apparatus. )

What T claim is:.

1. The process of producing combustible
gas which comprises forming and maintai-
Ing a relatively thin traveling layer of ig-
nited fuel, passing above such traveling
layer in an opposite direction of flow, a sub-
stantially unobstructed relatively thin cur-
rent of reactive gas, initially comprising air
and continuing the travel of the fuel in con-
tact with said gas until said fuel substan-
tially disappears. :

9."The process of producing combustible
gas which comprises forming a relatively
thin traveling layer of ignited fuel and
maintaining the same in commotion during
its travel, passing above and in contact with

" such traveling agitated layer, in an opposite

50

55

60

direction of flow, a shallow current of reac-
tive gas suited fo combine with such fuel
and produce the combustible gas and econ-
tinuing the travel of the fuel in contact
with said gas.until said" fuel substantially
disappears. L K

3. The process. of producing combustible
gas which comprises forming and maintain-
ing a relatively thin traveling layer of ig-
nited and oxidizing fuel, passing above such
traveling layer in an opposite direction of
flow a substantially unobstructed relatively
thin stream of reactive gas comprising air,

_the flow of the stream of combustible gas

formed from said reactive ga$ being con-

tinued in contact with said traveling layer

*1,088,127

‘for a substantial distance paSi: the ‘point

where reaction is substantially complete.

4. The. process of producing combustible

gas comprising, forming and maintaining a
series of moving, relatively thin, layers of
ignited and oxidizing fine ‘fuel, one such

Jayer supplying the next such layer, and

passing over the successive layers in a dires-
t-ion/opposed, to the general line of travel of
suck layers a relatively thin unobstructed

. stream of reactive gas comprising air,.said
“stream being supplied in amount only suffi- |

cient, to produce combustible gas.

5. The process of producing combustibleb

gas comprising, forming and maintaining a
series of successive, moving, relatively thin

layers of ignited oxidizing fine “fuel, one.

such laver supplying the next such.layer,
and passing over the successive layers in a
direction opposed to the - general line of

65
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travel of such layers, a relatively thin unob- .

structed stream of Teactive gas comprising
air, the flow of the stream of. combustible

- gas formed from 'said reactive gas being

continued in contact with said traveling lay-
ers for a substantial distance past the point
where reaction is substantially complete.

6. The process of producing combustible »

gas which ‘comprises feeding ignited and

oxidizing ‘fine fuel in thin traveling layers
over the floors and through a succession of

e

connected, superposed and relatively low -

chambers against opposed, relatively ghal-

Jow. currents in the successive chambers of

reactive. gas comprising air, said currents .

heing supplied in amount only sufficient to.

produce cornbustible gas. o
7. The process of producing combustible
ens which comprises feeding fine fuel as a
thin, “traveling layer through a conduit of
progressively increasing temperature, con-
ducting a relatively shallow current of re-
active gas comprising aix.over and in con-
tact with such layer in an opposite direc-
tion. and diverting such current from ‘con-
tact with said fuel at a point where it has
become freely combustible. .~ - .
8. - The process of producing ‘combustible
gas, which comprises feeding and forming
a2 laver of ignited and oxidizing ‘coal-dust
upon the floor of a shallow chamber and
causing the same to advance toward the
point of exit by stirring or plowing the
same, passing a relatively shallow unob-
structed reactive gaseous current. through.
said chamber above and in contaet with said
fuel layer, and withdrawing .said current
from said chamber near the point of fuel

feed, said current being supplied in amount

only sufficient to produce combustible gas.
9. The process of producing combustible

gas, which comprises feeding' fine fuel as.a

thin layer upon the floof of a relatively low

- chamber, stirring said layer.to.cause it to

110
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move over said floor to a point of exit, in
contact with a shallow current of heated
gnses, transferring the fuel to a similar floor
in a similar chamber and repeating the op-
oraticn until in a final chamber it is con-
cumed to ash, said final chamber being fed
with a current of reactive gas comprising
air ‘and said current passing therefrom
through the plurality of chambers until it
is removed from the chamber wherein the
frosh fuel is fed as combustible- gas, the

Lo

amount of air supplied being merely that -

sufficient to allow the production of com-
bustible gas.
10. The process of producing combustible
vas. which consists in preliminarily separat-
ing the volatile matters from the fixed car-
bon of the fuel, advancing the latter through
2 long condunit in contact with a relatively
shallow overlying unobstructed counter-cur-
rent of reactive gas comprising air, and con-
verting said separated volatile matters into
fixed gases by introducing the same Into a
haot part of the said gas current. .

11T. The process of producing combustible
gas. which consists in feeding fuel through
a heated muffie and thence advancing the
same as a shallow traveling layer in contact
with a shallow counter current of reactive
omprising air.

oo}
13

o

)

gas

12. The process of producing combustible
gas, which consists in feeding fuel through
a muffle chamber and thence advancing. the
same to an ash outlet, as a traveling fuel

layer, advancing a shallow overlying sub-
stantially unobstructed counter current of
reactive gas comprising air from the ash
outlet o the muffle, in contact with said fuel
taver.and transferring the heat of said cur-

¢ pent to the said muffle chamber.

The process of producing combustible

which comprises feeding fuel into a

14

[N

. matters from the fixed carbon thereof.

ters in separated condition to a point in 4

ype combustion passage, advancing the car-

Lon through said passage as a traveling fuel

taver. and simultaneously passing an over-

iving substantially unobstructed counter

Jorrent of reactive gas ccomprising  air

‘hrongh said passage in, contact with the

fuel layer, whereby the said volatile matters

hecome converted into permanent gases.

5 14. The process of producing combustible
gas which comprises advancing a shallow
fraveling layer of fuel in one direction in a

sior and advancing a shallow trav-

Laver of a current of reactive gas com-

e wir thereover in the opposite diree-

tion el in contact with said fuel, the

t of air in said current being merely
at to maintain reaction in spid fuel

t. produce combustible gas. -

¢l mmffle chamber to separate the vola-

sanducting said carbon and the volatile mat- .

gas which comprises advancing a shallow
traveling layer of fuel in one direction in a
heeted region and advancing a shallow trav-
eling layer of a current of reactive gas con-
prising air thereover in the opposite direc-
tion and in contact ‘with said fuel. the
amount of air in said current being merely
sufficient to maintain reaction in said fuel
and to produce combustible gas, and trans-
fering the heat of the products of reaction
to said traveling layer of fuel beyond the
point of initial reaction.

16. The process of producing combustible
gas which comprises advancing a shallow
traveling layer of fuel in one direction in
a heated region and advancing ashallow,
traveling layer of-a current of reactive gas
comprising air thereover in the opposite
direction and in contact with said fuel, the
amount of air in said current being merely
sufficient to maiptain-a reaction in the trav-
eling layer of fuel to a distance less than
the total path of travel of such layer. '

17. The process of producing combustible
gas which comprises forming or maintain-
ing a relatively -thin traveling layer of
heated fuel and passing above such travel-
ing laver in a generally opposite direction
a relatively thin er shallow contacting draft
current of a fuel-oxidizing character, the
temperature conditions and the relative
amounts of said fuel and of said draft cur-
rent being so correlated that the draft cur-

combustible condition while the fuel is sub-
stantially completely consumed. :

18. The process of producing combustible
gas which comprises forming or maintain-
ing a relatively thin traveling layer of
heated fuel and passing above such travel-
‘ing layer in a generally opposite direction
a relatively thin or shallow contacting draft
current of a fuel-oxidizing character, the
temperature conditions and the relative
amounts of said fuel and of said draft cur-
rent being so correlated that the draft cur-
rent passes away from contact in a freely
-combustible condition while the fuel is sub-
stantially completely consumed, said con-
tact however of the draft current with the
heated fuel being maintained for a time
after reaction therebetween ceases.

gas which comprises forming or maintain-
ing a relatively thin -traveling layer of
heated fuel and passing above such travel-
ing layer in a generally opposite direction
a relatively thin or shallow contacting draft
current of a,fuel-oxidizing character, .the
temperature. conditions and the relative
amounts of said fuel and of said draft cur-
rent being so correlated that the draft cur-

rent passes away from contact in a freely

15. The process of producing combustible-

19. The process of producing combustible '
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combustible f;ondition while the fuel is sub- | specification in the presence of two wit-
stantially completely consumed, and that the | nesses. I '

. . . ) | . .
draft. current passes for a time mi contact \ ) JAMES ARTHUR SINGMASTER.

with a traveling
5 to encountering
layer. ’

layer of heated ash prior :
combustible -fuel in said Witnesses:
A. K. Jacks,

In testimony whereof, I have signed this | Lizzie Kvauss.



