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1,034,214
Application filed June 22,

Letters Patent.

1808,

Patented July 3(}»9 153%.,
Serial No. 503,733.

To all whom it may concern:

Be it known that I, Hexny L. Donrerry, a
citizen of the United States, residing at New
York mty in the county of New York and
5 State of New York, have invented new and

useful ITmprovements in Processes of Cok-
mg Coal and Producing Gas, of ‘Whl(‘h the
following is a speclﬁua on., eI

This invention .relates “to proces\e\ for
10_carbenizimg s glack coal, and producing gas,
‘ and in 1)a1t‘culdr. to such processes” where

the heat for the carbonizing of the coal is
derived from the cvmbush(m of a portion of

the gas formed during the treatment of a

15 previous portion of the coal. :

The objects of my invention arve the fur-
nishing of a precess, whereby, the slack coal
may be continucusly carbonized or coked
with the expenditure, in the coking process,
20 of a minimum proportion of the total heat
of the orlgmal coal and a large proportion
‘of the volatile nitrogen of the coal recovered
as ammonla, and in apparatus of such de-
sign that great flexibility of control over
25 the coking process may be exercised, wheve-
- by the quality of carbonized coal or coke

produced may be varied at will, and the
coking carried on with the e‘zpendltuu of
a minimuwn amount »f labor.

30 In the hereinafter described process, I ac-
complish the above objects by subjecting the
raw coal to’a flame of burning producer gas
and air preheated by the sensible heat of the
gases leaving the oven, the products of such

85 combustion being passed in contact with the
carbonizing coal and the hot carbonized ceal
or .coke in one direction, while the steam
“from the quenchmg of the coke is passed
in'the opposlte direction, also in contact with

40 the coke, the gases xesultm(r from the re-
action of the reactive constituents of the
combustion gases and the coke, and fromi the.
reaction of the water vapor md coke, being
drawn cff from the coke-oven in-a common

45 current and passed througlr a recuperator
for. preheating the-air, the gas required for
‘the coldng bem«r returned to the coke-oven.

-In the accompdnylnn‘ drawings, I have
shown a form of apparatus suitable fm ap-

50 plying my process, but any form of appa-
xatus Whlch will permit ot the carrying out.

of the essential steps of my process may, of
course, be substituted for the one shown.

Figure 1 is a vertieal longitudinal section
through the ccke-oven_proper on the line
A A% of Fig. 2 and™B I of Tig. 4. Fig. &
is a tQp»n‘ﬁ' of the coke-oven and connec-
4rons. - Fig. 3 is a vertical cvoss section
through a Tetort or coliing chamber and iis
fecd—hnp]')er and gas burner on the line D D’
of Fig. 1 and line I¥ B’ of Fig. 2. Fig. 4
is a hovizontal projection of 2 section hv
two inclined planes whose traces on Fig. 1
are shown by the lines ¥ I and F G, ¥ig.
5 is a part scetion through the recupseator
on a vertical plane thr ourrh the line C ¢
of Fig. 6, the air and gas blowers being
shown in side elevation. Fig. 6 is a dia-
grammatic plan of the apparatus.

In the drawings, 1, designates the coke-
oven proper, 2 the recuperator, 3 the gas
blower, 4 the air blower, 5 and ¢ motors for
driving the blowers.

67 1s a chamber inclosed by the onter
walls, 63, 64, 65 and 66, of the oven, in which
are sus‘pcndad coking chambers or retorts, 7.
In Tig. 8 is shown a section through one of
the mtoxts The retorts have a steel jacket
8, with a thick lining built up of thick ring-

has a flange 10 at its top which rests on a
heavy steel plate11. Heavy hangers, 12, are
fastened to the plates 11 and suspended
from the I-beams 13 and 13 and 13" und
137", 'These beams are supported on the
walls of the oven. The weight of the cok-

same,
walls together, - I
The ch&rg!nw apparatus,” M of e*uil of
the netoxts 7 is superimposed upen the re-
Aort.” It consists of a coal hopper; 15,
closed at the bottom by a charging coie, 1b9
actuated by the counterpoised-lever mecha-

from the top of the retort, ThlS air;cham-
'ber is closed at the bottom by
F g of fireclay, 20, swhich is eiﬂvaf
owered:bv.the lever meclm*mm 21 A
.able device,: 32,%,31'0\ 1de€§ for. Tcepir

ing chambers is thus borne by the walls of .
‘the coke-over. and not by the arch of the .
Approp1 iate- bucL smves bmcI t,ha

nism 17, and having a-cover 29. An air-.
chamber, 19, separates the. cosl<hopper 15
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plug 20 raised while the cone 16 is being
fowered. A water jacket, 51, is provided
for the bottom of 19 to protect it from the
bigh temperature in the combustion cham-
ber 18.. The hopper-bottom, 23, of 19 opens
directly into the opening 24 in the cover of
the retort. A stepped-grate, 25,—which is

jtself supported by the stepped-walls 26
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and 27 and the side walls 65 and 66 of the
oven,—together with the inclined plates 28
and 28’, supports the mass of coke in the
oven. Sets of chutes—one set for each end
of the oven— designated by 80 and 30", are
arranged to receive the coke as it discharges
from the grate 235.

The portion of the oven, 31, below the
plates 28 and 28" may be called the quench-
ing chamber of the oven. ‘The quenching
device consists of a system of water pipes
terminating in spray nozzles. A separate
system, connected with the same main
waler pipe
partments formed by the side walls 65 and
66 and the walls 26 and 27. The arrange-
ment of the nozzles for the middle compart-

ment is shown in Fig. 1. The pipe 32’

leading off from 32 has a ‘number of
branches, 82”*, 32"", 82’7, 327, respectively
terminating in spray nozzles, 33’ 33’/,°38""",
93’v, 837 The number of nozzles used
should be sufficient to give a uniform dis-
tribution of the water. While T may use
any suitable form of nozzle, the one that 1
prefer is that revealed and claimed. in my
T.etters Patent No. 901,597 dated Oct 20,
1908, This form of spray has a solid head
pertorated with fine holes, or passages, bored
at an angle with the axis of the spray-head
and so arranged in position and angle that
the fine streams discharging through the
said inelined passages intersect and impinge
on each other, whereby, a very fine spray or
fog is produced.

The sets of chutes, 30 and 30’, are closed
by sets of gates, 84 and 34, arranged. with
sets of racks, 35 and ‘35’, gearing with pin-
ions 36 and 36’. The pinions 36 are mount-
ed on a common shaft 37 and so are operated
in unison by turning the hand wheel 38.
The pinions 36" are similarly mounted on a
shafi 37’ operated by the hand wheel 38’

Sets of poke-holes, 39 and 40 and 39 and
40/, permit of access to the bed of coke for
‘the purpose-of barring down, when the coke
hangs and will not discharge by gravity
upon the rising of the gates 34 and 84",
Doors 41 are provided, furnishing a means
of access to the compartments beneath the
grate, 25. :

The retorts are each provided with one
or more burners 42, which consist of short
tubes of fire-clay, or other refractory mu-
terialyeloséd at their outer ends and having
their ‘fingr-ends in free communication with
their corresponding combystion chambers

32, is placed in each of the com-

1,034,214

18. The burners 42 have an interior axial
tube 43 which extends to the outside of the
burner, and leaves an annular passage 44,
between itself and the walls of the burner.
The tubes 43 in connection with each row
of retorts are counnected with a gas-dis-

tributing pipe, 45, while the annular pas--

sages, 44, are connected with an air-dis-
-tributing pipe, 46. The burners of the
other Tow of retorts are similarly connected
to similar gas and air-distributing pipes 45’
and 46’, respectively. The gas-distributing
pipes of each oven are connected, through
the cross-pipe 47, to a common gas-supply-
pipe 48 which conducts the gas back from
the exhauster 3 to the oven. The air-dis-
‘tributing pipes, 46, are correspondingly
connected, throu%h
common air supply-pipe, 50.

The recuperator may be of any suitable
design. In the one shown in the drawings,
it consists, simply, of a system of vertical
pipes, 52, located in a_ champber, 53. The

the cross-pipe 49, to a-

70

75.

80

85 -

gas is drawn off from the oven through the .

conduit 54, and is distributed through the
cross-pipe 55 to the horizontal header-pipes
56. From 56 the gas is distributed to the
vertical tubes 52. Horizontal header-pipes
57 connect the tubes dt the bottom of the re-
cuperator, and the pipes 57 are, in turn,con-
nected with the cross-pipe 58.. The suction
pipe 59 of the exhauster-blower 3 opens out
of 58. Set in the discharge-pipe 60 of 3,
is the by-pass 48 leading back to the oven.
A valve, 61, is also provided on’ 60, and an-
other, 61’, on 48. By manipulating 61 it-is
evident that the gas may be supplied to 48
at any pressure desired within the capacity
of the blower 8. The pipe 60 may be con-
nected to a holder or directly to a distribut-
ing main, as may be desired.

90

95

100

105

The air for the combustion in the retorts .

is compressed by the blower 4 and passes.
through the pipe 62 to the bottom of the’

chamber 58, through 53 in contact with the

110

gas pipes 52 and discharges from the upper .

part. of 53 through the pipe 50, through
which it passes to the coke-oven.

Heat insulating jackets are, preferably, -

provided for the various pipes conducting
the hot gas and air from the recuperator to
the coke-oven. . - o
In starting the oven
cinder or coke on to the grate until a bed has
been built up well above: the apex of the
grate 25. A fire is then kindléd and coke.
gradually charged on the ignited bed until

/ .
in operation, I charge

115

120

a bed of fuel has been built up to the bot-

toms of the retorts. During this operation

the doors41 are left open and the exhauster
"3 run at a slow speed. When a sufficient
thickness of ignited coke has been built up
the gas passin ‘

become a fairly good producer ‘gas.. The’

valve 61/ whic °was ‘8t ﬁrst;xclosed is -niow .

125

through the exhatster 3 has .

330
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opened and part of the gas passes back to
the burners 4%, where 1t -is ignited and
burned by means of air supplied by the
blower 4. Coke Is now gradually charged
into the retorts until the proper fuel level
Las been attained. When the retorts and
contents have been brought up to a suitable
envbonizing temperatore the doors 41 are
losed. During the preliminary firing, suff-
clent water; it necessary, is sprayed onto
the grate 25 fo prevent damage to the same
eat in the fuel bed. The

combustion gas from the burners in passing
downsward through the colnmns of hot coke
in the retorts is changed to producer aas
by the, now, well known reaction revealed
in my Letfers Patent 829,105 of Aug. 21,
1908, Material—ecinder or coke according
to which was used—is now withdrawn at
the bottom of the oven and, as the charges
in the retorts settle, raw conl is charged in
at the top. This is immediately subjected to
the carbonizing and coking action of the
finme and the hot walls of the retort, and is
scon coked, the volatile matter distilled off
ixing with the combustion gases from the
birners and passing down through the re-
torts in contact with the ignited coke. The
i zt the heavy vapors which, ordi-
imrply distil off from the coke un-
ged, are cracked up Into comnonnds of
lower molecnlar weight, such as nmiethane,
ethyl with free hydrogen.
sawne fime.most of the CO, formed in the

s
are
TGy

ifnited coke according to the reaction,

‘ (@) CO4-C=2CO0.

"The result is that the
bottemn of the retort is
ducer

i

gas issuing at the
a mixture of pro-
gag and distillation gases: the rich-
; i pends npen the guan-

i forts reludive to

¢ wed, or—put in
another way—upon the temperature of car-
honization, When o hard coke is desived, o
high terperature in the vetorts is necessary,
rently, more gas must be burned iy
the retorts for the same quantity of coal
coled, than when a low-temperature prod-
et such as eoke of a quality corresponding
to thal kuown cominercially as “coalite”,
is made; and, as a vesult, the ratio of pro-
ducer gag to distillation gas is increased.
When coal 1s coked in the present used
types of externaily heated retorts or ovens,
an amount of heat eguivalent to about ten
to bwenly per cent. of the total heat of the
saw coal is required for coking, This is due
several reasons.  In the first place, the
dgh tunperature (1800-2000° F.) required
forg o hard coke necessitates the use of
vy refractory-material such as -Are-
clay  in the consfruection ofthe. vetoris ov
ovens. This material has u comparatively

5 1_‘;

Ty
RSN

o

At 1}}@. R

reacts with the’

plained helow

aA

low tensile strength and as a ‘result it is

necessary to make the walls of the carboniz-
ing chamber very thick. The heat condue-
tivity of fireclay is also low. The coke it-
self also possesses quite a low conductive
power. Now, in ccking in externally fived
chambers all the heat necessary for the cok-
ing operation must pass to the coal throngh
the highly resistant walls of the chambér
and is then transmitted to the intevior of
the mass in the chamber through the outer
shell of the coke which is first formed in
contact with the hot walls of the chamber.
Owing to the low heat conductivity of the

materials mentioned, it is absolutely.neces- -

sary to have a very high temperature in the

~combustion chamber in order to obtain a

sufficient difference of heat. potential to drive
the heat into the interior of the charge at
g rapid rate.. This, of course, means that
the produets of combustion must be allowed
to leave the combustion chamber at a tem-

I

75

o

0

85

perature considerably above that of the walls

of the coking chamber, or, say, 2000° to
2300°. ¥. This means that a large portion .
of the total heat developed is ordinarily
wasted so far as the coking operation is
concerned. . Besides, the higher the tem-
perature, the greater is the amount of radi-
ation loss from the oven, since, according
to Stefan’s law, the radiation varies as the
fourth power of the absolute temperature
of the body. In the ordinary methods of

“coking the heat losses by radiation and con-
duction to the air amount to more than 20%

of the total heat developed in the operation.
On the other hand, by my method of coking,
the heat 1s developed in actual eontact with

ihe raw coal, and the gases of combustion

pass through the mass enveloping each in-
dividual fragment of the same. The great-
est distance that the heat must pass by con-
duction through a solid is measured by the
shortest distance that the center of the larg-
est fragment.is from the exterior surface of
the lump—say three inches. In such an
oven 2s the ones at present usually used the
heat must be transmitted through 43 inches
of fireclay and about 9 inches of coal or
coke to get to the interior of the charge.
Further, since the temperature in the mass
is only high enough to insure the desired
coking action, the radiation losses are re-
dueed to a minimum. _This latter loss is
further reduced in the apparatus which I
have shown, by.the fact that the coling
chambers are surrounded by an .outer in-
closed ehiamber. The heat radiated from
the coking chambers is principally taken up

‘in_the gaseous-atmosphere surrounding the

coking chambers and so passes to the Te-

105

110

118

120

125

cuperator, from which it is.returned to the =

oven through the medium of the air sup-
plied for the combustion. . For reasons ex-
4 ) :

TR

¥

temperabuve in.the-wagin 390
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oven chamber is comparatively low. For
all of these reasons the heat losses.in my
method of coking are comparatively low—
only a fraction, in_fact, of the customary
losses in coking. I am therefore able to
carry out the coking operation with the ex-
penditure
tion of the total heat of the raw coal. In-
stead of 109, I can so operate my appa-
ratus that I may use less than 5% of the
totnl heat of the original coal, in the cok-
ing. This would correspond to the gasifi-
cation by semi-combustion of, approxi-
mately, 5 to 6% of the carbon of the raw
conl freated. Since this gasified carbon is,
in large part;in the form of carbon-monoxid
and the major part of the sensible heat of
the gas is recovered in the recuperator and
returned to the carbonizing - chambers,
nearly three-quarters of the original po-
tential heat of the gasified carbon remains
in an- available form in the -gas formed
from it.

An important and novel feature of this |

invention is the method I use to reduce the
temperature of the heating gases {combus-
tion gases from the burners 42) and of the
hot coke before they leave the coking cham-
bers.
cffect of the mutual reaction between the
CO, of the combustion gases and the car-

" bon of the coke. :

40

45

50

bb

“ 60

When a fresh charge of-#aw coal has been

“introduced into a coking chamber, the high

temperature gases from the carbonizing

flame cause an extremely rapid distillation |,

of the volatile matter of the coal. The tem-
perature of the coal, however, remains at a
comparatively low point until most of the
volatile matter has been driven off. This is
due to the fact that the distilling vapors
carry off the heat from the coal as fast as
the latter can pick it up from the combus-
tion gases. It is only when the distillation

“has progressed to a considerable degree,

that the coal gains heat faster than the dis-
tillation gases can carry it off, and the tem-
perature tends to rise to a high point.
Since the reaction, ’

(¢) CO,+C=2CO,

requires a considerable time of contact for
its completion, the cooling effect of the re-
action on the fresh charge which is under
the direct influence of the flame is scarcely
appreciable. The low conductivity of -the
coking coal and the comparatively low ve-
locity of the reaction, mentioned, permits
the combustion gases, which are initially at
a temperature of from 2500° F. upward, to
penetrate a considerable distance into the
fuel bed before their temperature has been
reduced below that necessary to successfully
complete the coking of the coal. “This tem-
perature may be taken as ghout 2000° F. for

of a comparatively small propor-.

I do.this by utilizing the cooling-

r

..removal of the gases frdom contact with the .

- the working of my

1,034,214 -

the harder qualities of coke. The coke is
therefore subjected to a good finishing heat
before the temperature of the combustion
gases has fallen so low that the .cooling ac-
tion, in reference
mentioned, predeminates. Below this level
in the carbonizing chambers, the coke is in
process of cooling, the reaction proceeding
at the expense of the remaining sensible
heat of the combustion gases and the coke.
I aim to make my carbonizing chambers of
such a depth, in- relation to the speed of
driving, that the combustion gases shall re-
main in contact with the coke for a suffi-
cient length of time to. reduce the tem-
perature of -the latter to near the point at
which the reaction ceases. In other words,
I prefer to so design my apparatus that the
coke may be cooled by reaction (s) to as
low a temperature as is practically so at-.
tainable, say 1300° F. To complete the
cooling -of the coke I bring in the action of
water. -Fhe water as it is sprayed onto the

coke on the grate is, in part, immediately

vaporized, while the portion not so vapor-
ized is carried as a dense fog by the ini-

the vapor passes up through the hotter coke
above, which it discharged from the coking
chambers onto the bed at a temperature of

~about 1400-1500° F., the water vapor is de-

composed by reaction with the carbon by
either, '
(b) 2H,04+C=2H,+CO,,

(¢) H,04+C=H,+CO.

The gases resulting from these reactions,
and any undissociated water vapor, pass out
t

of the coke bed and mingle with the current

or’

to the coke, of the reaction®

70

7

80

90

‘tially formed vapor farther into the bed of- .
coke. The quantity of water used is re-..
‘stricted to that which can be vaporized in,
say, the lower third of the coke bed. As

100

105

of mixed, producer- gas proper, and distilla-

tion gas from the retorts. :
-Owing to the small quantity of heat which

| T have to develop to carry on the carboniza-

tion by my herein-revealed method, the nor-

110

mal producer gas may be restricted to less -

than double the volume of the distillation -
gas. Since the distillation ‘gas would haye
& calorific value about five times that of the
producer gas proper, a resultant mixed gas
may be produced having a calorific power
of about 2} times that of ordinary producer
gas. Since the water gas may be made hav-
ing aboat the same calorific_value as the
mixed gas, it does nct materially modify the
calorific power of the entire mixture. -
Where the recovery of the volatile nitro-

115

—

20

gen of the coal becomes an object, 1. modify 1‘“

apparatus to correspond

with the congitions fp

tion of ammonia. These are, a mocderate

temperature in the fuel’bed and the rapid -

avorable to the forma- °

130
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incandescent coke. I seciige these' conditions
by introducing a proper proportion of ‘com-
bustion gases into the air current supplied
to 'the gas burners of the coking retorts.
This modification of my present invention I
have revealed fnd claimed in my applica-

sion Ser. No. 534,693, filed December 23rd,
1909, o

When I desire to produce a soft coke re-
taining a considerable proportion of volatile
matter—a product corresponding to that
commercially known as “coalite”—I re-
strict the relative quantity of gas burned in

the coking chambers, and increase the speed.

fdriving—i. e., both “ draw ” and “ charge ”
at more frequent intervals. On the con-
trary, to produce a hard coke, I increase the
proportion of gas burned 1n the coking
.chambers, and decrease the speed of driving,
whereby the coke formed remains much
longer under the influence of the high tem-
perature flame. o
It is to be understood that the phrase
“substantially all of the carbon dioxid and
water vapor”’ as used in- the following
claims refers to the dissociaticn of substan-
tially all of that portion of said constituents

~which is relucible under the conditions of

80

35

- 40

45

50

55

temperature and pressure which prevail in
the operation of my coke oven. As is well
knowsn to those skilled in the art, there is
always-a certain partial pressure of carbon
dioxid and water vapér which Is necessary
for the equilibrium of the reacting system.
1. of course; do ot claim that I can disso-
ciate the carbon dioxid and water vapor
beyond the proportion corresponding to this
equilibrinm  pressure. -The residual CO,
may be faken as corresponding to the prac-
tical minimum in gas producer practice, say
4 to 5 per cent. by volume, . . .

The apparatus shown and described here-

in I claim in my "application Ser. No.
855,724, filed June 22nd, 1909.

Tt is, of course, to be undeérstood -that I
do not limit my invention to the treatment’

-1 trne caking eoals, which produce a true
coke ‘after carboenization, but use it in the

carbonizing of any guality of coal that it |

may be desirable to treat. For example. my

invenficn may be applied to carbonizing
lignite, although this material will not yield

a {rue coke. The process of treatment,
however, remaing substantially the same as
when treating caking coals. the principal
dufference being that the product of the op-
eration is with I “nite not a true coke.

TIaving dese od my invention, what T
elainy 1s 00—

L. The process of coking coal and produc-
ing gax whiel comprizes subjecting the ¢oal
in an uelesod clhamber to the direct action
of # gus flaine: passing the produets of com-
bustion from said flavie in centact with a
muss of previously formed coke in said in-

N

S

'losed chamber, the depth of said mass of
‘previously fermed coke being sufficient to

insure the reaction with ecarbon of substan-
tially. all of the carbon-dioxid and water
vapor formed by the combustion in said gas
flame, spraying the coke with water after
the said coke has been contacted with the
products of combustion from said gas flame,
withdrawing from the inclosed chambor the
gases resulting from the contact of the ¢pm-
bustion ‘gases and the hot coke and the
water and hot coke, and withdrawing the
quenched coke from said chamber, substan-
tially as deseribed.

2. The process of carbonizing coal and pro-
ducing gas which comprises heating coal in
an inclosed chamber in direct contact withea
heating flame to form distillation gases and
carbonized coal, passing the combustion™\.
gases from said flame and the gases distilled 4
from the said coal in contact with a mass of =~
previously fermed incandescent carbonized
coal in said inclosed chamber, the depth of
said coke mass being sufficient to insure the
conversion by reaction with carbon of sub-
stantially all of the carbon-diexid and water
vapor formed from the combustion in said
gas flame, to carbon monoxid and hydrogen,
quenching the carbonized coal after it has

been contacted with the said gases, with- g5

drawing from the inclesed chamber the

gases formed by reaction between the com-

bustion and distillation gases and the carbon
of the carbonized coal and the gases from

the quenching operation, in a common cur- 3

rent, and withdrawing the quenched car-
benized coal from the inclosed chamber, sub-
stantially as described. : A

3. The process of .carbonizing. coal and

producing gas which comprises heating the 195

coal in an gnclosed chamber in direct con-
tact with#he heating flame to form distilla-
tion gases and carbonized coal, pgrtially
quenching the carbonized coal so-formed by

contacting the same with the combustion 1

gases from the heating flame and the iis-
tillation gases from the coal, the contact be-
tween the said gases and said ecarbonized
coal being sufficient to effect the conversion

by reaction with carbon of substantially all 115

of the earbon ‘dioxid and water vapor in
said gases into carbon-monoxid and hvdro-
gen; completing the quenching of said ear-
bonized coal by spraying the parfially

gienched carbonized coal with water, with- 120

drawing from thg said chamber the gases
formed by the reaction Detween the said
combustion and distillation gases and the
bot earbonized coal and the gases formed by

the-iinal quenching in a common current, 124

and withdrawing the quenched carbonized
conl from said chamber, substantially as de-
seribed. S

4. The process of carbonizing coal and

producing gas which comprises introducing 130
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said coal into an inclosed chamber, introduc-
ing into said chamber gas from the carbon-
izing of a previous portion of coal and
heated air, burning said gas and heated air
in contact with said coal, whereby said coal
is carbonized, removing said carbonized
coal from direct contact with the flame of

_ burning gas when the carbonizing action

10

15 4
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.35

~ heated air,

40

has proceeded to the desired degree, par-
tially quenching. the so-formed carhonized
coal by contacting therewith the combus-
tion gases from said flame and the gases dis-
tilted from a succeeding charge of coal, the
mass of carbonized cosl exposed to the
uenching action of said gasz=s at any given
time being sufficient to convert substantially
all of the carbon dioxid and water vapor of
said combustion and distillation gases to

_ hydrogen and carbon ‘monoxid, completing

the quenching of said carbonized coal by
spraying the same with water, withdrawing
the gases formed in the two quenching op-
erations in a- eommon urrent, passing the
said gases through a recuperator, whereby
the major portion of the sensible heat of

said gases is transferred fo the air current

which sustains the combustipn of the gas in
the carbonizing chamber, substantially as
described. " . o ‘

" 5. The process of carbonizing coal and
producing gas which comprises charging
said coal onto a column of previously car-
bonized coal in an inclosed chamber, intro-
ducing into said chamber gas from the car-
bonizing of a previous portion of coal and
; burning the said gas and said
heated air in contact with said coal, where-
by the volatile. matter of said coal is dis-
tilled therefrom, and the said coal carhon-
ized, charging a second portion of coal onto

_ the. carbonized coal from the first portion
_ of cogl, when the coking operation has pro-

45"

ceeded to the desired degree, whereby the
said carbonized coal is removed from the
direct action of the flame of burning gas,
partially - ienc’ ing the said earbonized
conl by comcacti..g therewith the combustion
gaseg from said flame, and. the distillation

" gased. from succeeding charges of coal, the

mass. of carbonized coal which is at any

given time subjected to said quenching ac-

tion being sufficient to provide enough con-
tact surface to effect the conversion by re-.
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action with carbon of substantially all of
the carbon dioxid and water vapor of said
combustion and distillation gases to carbon
monoxid and hydrogen, removing Irom
contact with the partially quenched carbon-
szed coal the combustible gas resulting from
the reactions between thé reactive constitu-
ents of the said combustion and distillation
gases and the hot carbonized coal, complet-
ing the quenching of the partially quenched
carbonized coal, by spraying the same with
water, withdrawing the combustible gases

'

“the coke oven and passing )
yecuperator whereby the major portion of.
the sensible heat of such gases is transferred
to the cuprent of air supplied to said coking
_chamber to support the combustion therein, _

1,084,214

formed by reaction between the water and .

the partially quenched carbonized coal, pass-
ing the combustible gases from the first
quenching operation and the combustible
gases from the second quenching operation
through a recuperator, whereby the major

ortion of the sensible heat of the said gases
is transferred to the air current supplied
for sustaining the combustion in the carbon-
izing chamber, removing the quenched car-
bonized coal from the said chamber, and
charging a fresh portion of raw coal onto
the bed of carbonized coal in said chamber,
substantially as described.

6. The process of ccking eoal and produe-

76

75

80

ing gas which comprises charging said coal -

onto a column of

previously coked eoal in

an inclosed chamber, introducing into said v
chamber gas from the coking of a preyious..

charge of coal, and heated air, burhing thg
said gas and

85

heated air in contact with said -

coal. whereby the volatile matter of said .

coal is distilled therefrom and the said coal

converted into coke, charging a second por-
tion of coal onto the coke from the first
charge of coal, when the first charge has
been coked to the desired degree, whereby
the coke from the first charge is removed
from the direct action of the flame of burn-
ing gas, partially quenching the said coke
by contacting therewith the combustion
gases from said flame and the distillation
gases from the succeeding charges of coal,
the mass of coke that is contacted with the
said gases at any time being such that the
major portion of the carbon dioxid and the

90
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major portion of the water vapor. of the .
said gases .are converted by the incandes-

cent carbon of the coke to carbon monoxid
and free hvdrogen. and heavy Jhydrocarbon

_vapors of the'distillation gases are also dis~

105

sociated into permanent gases of lower mo-
lecular weight, withdrawing the gases re-
sulting from the contact of the combustion ",

and distillation gases and the coke from
contact with the latter.withdrawing the par-
tially quenched coke from the coking cham-
bher onto a bed of coke on'a grate in a
quenching chamber, spraying water onto the
lower part of said bed. of coke,
the water vapor so formed in the lower part
of said bed of coke with the hot coke in the
suberincumbent layers.
less of such water vapor reacts with a por-
tion of the carbon of said coke to form com-
bustible gas. withdrawing the combustible
gases formed from the reactions between the
combustion and distillation gases and . the
eoke and the water vapor and the coke from
them through a

returning to said coking -chamber a portion

contacting

~whereby more or’
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15
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i

of the combustible gases after they have
passed through said recuperator, withdraw-
ing the quenched coke™from said fuel bed,
and charging o fresh portion of coal onto
the top of said fuel bed, all substantially as
described. .
- T. The process of carbonizing coaland pro-
ducing gas which comprises subjecting the
“coal in an inclosed chamber to the direct ac-
tion of a flame of burning gas to carbonize
said coal, passing the products of combustion
from said flame in centact with a mass of
previously formed carbonized coal in said
chamber, spraying the carbonized coal with
water, after the said carbonized coal has
been contacted with the products of combus-
tion from said flame, withdrawing from the
inclosed chambersthe gases resulting from

~

- the contact of the combustion gases and the
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60

hot coke and the water and hot coke, and
withdrawing the quenched coke itself, sub-
stantially as described.

8. The process of carbonizing coal and
producing gas which comprises charging the
saird slack coal ontd a column of previously
formed carbonized coal in an inclosed cham-
ber, subjecting the said coal to the direct ac-

~.tion of a flame of burning gas, the gases of

said flame heing under sufficient pressure to
insure their penetrating of the layer of
freshly charged slack coal, condurting the
combustion gases from said flame through the
said column of carbonized coal, withdraw-
ing from contact with the carbonized coal
the gases resulting from the reaction of the
carbon of the same and the said combustion
gases, spraving the lower portion of the col-
umn of carbonized coal with water, whereby.
the carbonized coal in the said lower portion
of the chamber is quenched and the said

rater vaporizéd, conducting the so-formed

water vapor through a portion of the super-

incumbent column of ecarbonized coal and
withdrawing the gases formed by the con-
tact of the said curbonized coal aud water
vapor and the contact between the carbon-
ized coal of the upper portion of said col-
umn and the comhustion gases from said in-
closed chamber, substantially as described.

9. The process of carbonizing coal and
producing .gus whirh comprises subjecting
the said slick coal in an inclosed chamber
to the direct action of 4 flame of gas burn-
ing above the surface of the coal bed. the
gazes of said flame Deing under sufficient
pressure to insure their penetration of caid
mass of <lack coal, passing the combustion
from sald flame in centact with a hedy
of previcusly fermed carbonized fuel, and
withdrawing the finished carbonized fuel
and the gaces produced by the said opera-
tions from. the inclesed chamber, substan-
tially as deseribed.

10, The process of coking coal and pro-
ducing gas which comprises charging the

guases

,084,21
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slack coal onto a mass of coke from pre-
viously coked slack in an inclosed chambenr,
introducing under pressure into the top of
said chamber above the surface of the slack
coal a current of combustible gas.and a cur-
vent of air, whereby the said slack coal is
subjected to the direct action of o flame of
burning gas, conducting the combustion
gases from said flame through “the upper
pertion of said mass of coke, spraving the
lower pertion of sald mass of coke with wat
ter, whereby the said water is partly va-
porized, conducting the so-formed ‘water va-
Wpor and the residual liguid water through
the Tower portion of said mass of coke, and
withdrawing the quenched coke and the,
gases formed by said operations from the in-
closed chamber, substantially as deseribed.
1. 'The process of coking eoal and pro-
ducing gas which comprises vepeatedly
charging portions of said slack onto a col-
uran of ignited coke malintained in an in-
closed chamber, introducing under pressure
above the surface of the freshly, charged
slack, preheated air and a portion of the gas
previously withdrawn from said jnclosed
chamber, the pressure under which the said
luids are introduced being sufficient to in-
sure the penetration of the charge of fresh
slack by the flame of burning gas, conduct-
.ing the combustion gases from said flame
through the upper portion of said column
of coke, contacting the lower layers of said
column with misted water, whereby a por-
tion of said water is vaporized in conbact
with said lower layers, conducting the wa-
ter vapor bearing the residue of the misted
water through the portion of the said coke -
column superincumbent to said lower layers,
whereby the residue of said water is also
converted into vapor and the water vapor
cansed to react to a greater or less extent
with the hot coke to form principally car-
bon menoxid and hydeogen, continuously
withdrawing from an infermediate level of
sald coke column the gases formed. therein,
and repeatedly withdrawing porticns of the
quenched coke from the hottam of said col-
nmn, substantially as described. ,

12. The process of carbonizing coal and
producing gas which comprises maintain-
ing a body of fyel in an inclosed chamber,
maintaining a flame of burning gas in cop-
tact with the surface/ of said fuel body .40
carhonize said fuel, passing the products of 120
combustion from said flame in contact with
a mass of previously formed earbonized
fuel in said chamber, whereby carbon di-
oxid of «aid combnstion products is cansed
to react with a portion of the carbon of said
carhonized fuel, advancing said fuel body
theough said chamber at a rate materially
greater than the rate of consumption of
said fuel therein, spraving the carbonized
fuel - advanced beyond the combustion re-
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oion of said chamber with water, to cool said | Sighea at New York city, in the county

fuel, to vaporize said water, and to form wa- | of New York-and State of New York, this 10

ter gas, withdm{?ving from said ch?rr{ber the | 21st day of June 1909. .

gases resulting from the contact cf the com- "

bustion gnsesb\vith the -carbonized fuel and. . HENRY L. DOHERTY.
" the gases resulting from the contact of the | Witnesses: ,

water and carbonized fuel, and withdrawing - Frep B. Murcox,

the quenched,coke. ‘ “Tros. I. CARIER. .




