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This invention is for the manufacture of coke by the
use of a coking stoker and relates particularly to a
method and means whereby gases generated from coking
of coal on the coking stoker, referred to in the industry
as “make-gas,” are for all practical purposes free of
oxygen. )

Coking stokers are weil known in the industry. In
general they comprise a traveling grate such as an endless
belt type of grate that moves through an enclosure from
a receiving end where coal is loaded onto the grate to a
discharge end where the coal is discharged as finished
coke. During its travel through the closed environment,
air is introduced to the fuel through the grate. When
the stoker is in operation this air is utilized to burn vola-
tiles released from the coal. The heat of combustion,
either directly or by radiation from the walls of the en-
closure, heats the incoming coal to coking temperature,
the temperature of the coal increasing toward the c'hs-
charge end of the grate. In most operations the volatiles
are completely burned and supply heat for some external
purpose, as for example the firing of a kiln or the genera-
tion of steam.

In recent years, however, the use of coking_ stoker§ for
the production of chemical coke has become' 1ncrt3as1ngly
prevalent.- Such coke is used in the chemical m(.iustr}'
as a reducing agent, or for other purposes. In this op-
eration the amount of volatiles released is much greater
than that required to supply the heat needed for opera-
tion of the coking stoker. It has therefore been pro-
posed to utilize the gases from the coking stok.er as raw
material for the manufacture of other chemxcgls. By
way of illustration, and not by way of limitation, one
process' contemplates the use of these gases for the pro-
ducticn of methanol, pure hydrogen and pure CO or
mixtures thereof. )

One obstacle to the use of the gases from the coking
stoker in this way has arisen from the difficulty of ex-

cluding significant amounts of oxygen from the gases,.

with the result that scmewhere along the line of process-
ing these gases explosive mixtures may result, or the
oxygen be otherwise either detrimental or dangerous to
such use of them. )

The present invention has for its principal object to
provide a method and means whereby the make-gas from
a coking stoker may be free, or for all practical pur-
poses free, of oxygen.

A further object of the invention is to provide a novel
method and apparatus wherein the coking of the coal is
incompletely finished on the coking stoker, and thereafter
completed in a finishing section into which the incandes-
cent, but still incompletely coked fuel is discharged, there
being supplied te the coking stoker only sufficient com-
bustion air for the operation of the stoker while addi-
tional air is supplied in the finishing section to complete
the coking operation.

A further object of the invention is to provide for the
regulation of gas pressure in the coking stoker and finish-
ing section such that gas flow from the finishing section to
the stoker is prevented, whereby the oxygen-free gases
from the stoker cannot be contaminated by oxygen-con-
taining gas from the finishing section, the apparatus pro-
viding what may be termed a “pressure barrier” that al-
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lows continnous passage of the incompletely finished coke
from the coking stoker to the finishing section, but which
prevents a flow of gas in the reverse direction.

In general the invention provides a coking stoker of
usual construction within an enclosure and with provision
for supplying air through the traveling grate in the usual
manner. The air supply is regulated so as to furnish
within the enclosure of the stoker all of the combustion
air needed to continuously effect the coking operation,
but insufficient to burn all of the combustible gases that
are released from the coal. Under these conditions all
of the oxygen will be utilized, and the gases from the
stoker will be free, or substantially free, or uncombined
oxygen. The operation of the stoker is carried out in
such fashion that while most of the volatiles have been
driven out of the coal on the stoker, the coking is not en-
tirely complete when the coal is discharged from the
stoker. The unfinished coke so discharged moves con-
tinucusly into a finishing section or enclosure. The
finishing section is provided with a duct near the end
where the coke is received, through which gases may be
withdrawn and recycled, preferably after being cooled,
to this finishing section at a place remote from the place
from which the gases are withdrawn, and preferably close
to the coke discharge end of the finishing section. The
recycling of the gas is effected by the use of a blower,
and provision is made for introducing air into the stream
of recycled gases in a controlled amount. The recycled
gases along with air circulate through the body of coke
in the finishing section, initially effect a cocling of the
coke, but further along in the travel of these recycle gases
through the finishing section the oXygen-containing gas
reaches an ignition temperature and the heat then gener-
ated is used to drive off the remaining volatile matter in
the coke, thus producing the desired qualities in the final
product.

A differential pressure regulator operatively connected
on one side with the interior of the enclosure forming
part of the coking stoker, and on the other side with the
finishing section near the point where the stoker dis-
charges into said section, regulates the recycling of the
gases in such manner that the pressure at this point in the
finishing section will never exceed, and perhaps be slight-
ly lower than the pressure in the enclosure above the
coking stoker. Comsequently there can never be any
flow of gases from the finishing section into the space
above the stoker, and if there is any transfer of gases,
the flow will be always out of the stoker enclosure into
the finishing section. Consequently oxygen which is used
in the finishing section, or which may enter the finish-
ing section as coke is discharged, can never mingle with
or adulterate the make-gas from the stoker. On the
other hand adequate air can be circulated through the
finishing section to assure the desired quality of coke.

Due to the resistance of the coke in the finishing sec-
tion to the passage of the recycled gases and inducted air
from their point of introduction to the place of with-
drawal of the recycle gas from the finishing section, there
will be a considerable pressure drop between the point
where the gases enter the finishing section and the point
from which they are removed. A pressure controlled
valve is adjusted to vent or “bleed off” some of the re-
cycle gases, whereby the pressure at which the recycle
gases enter the finishing section may be kept at a pre-
determined maximum. Once operation has been estab-
lished, the apparatus thus becomes substantially self-reg-
ulating. Since the gases from the stoker section are
practically free of oxygen, they may be withdrawn for
Use as raw gas in subsequent processes, particularly the
manufacture of ammonia and processes known to the
petro-chemical industry. Since it is desirable to recover
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as much make-gas as possible from the stoker, coking is
carried as completely as is safely possible on the coking
stoker so as to avoid unnecessary loss of volatiles or gases
in the vent from the recycle gases in the finishing section.

The invention may be more fully understood by refer-
ence to the accompanying drawing showing a schematic
diagram of an apparatus embodying my invention for the
practice of the process.

In the drawing, a coking stoker is designated generally
as 2. It has an endless traveling gate 3 passing around a
drive sprocket 4 at its charging end and around a guide
sprocket 5 at its discharge end. The grate is within an
enclosure 6, the top and sides of which are refractory-
lined, and the roof slopes upwardly toward a “make-gas”
outlet 7 over the discharge end of the grate. The space 8
thus enclosed above the grate provides a plenum cham-
ber for both combustion gases and volatiles from the
coal.

At the charging end of the grate there is a feed hopper
9 for delivering coal to the top of the grate. Air is sup-
plied through a series of transverse wind boxes 10 between
the two horizontal reaches of the conveyor. Each wind
box has an air duct 11 leading from a manifold 12 con-
nected with a blower (not shown). Regulating dampers
are not indicated in each duct 11, and means are provided
for controlling the overall flow through the manifold, as
schematically indicated by damper 13.

At the discharge end of the gate is a chute or throat
14 forming a passage into a finishing section 15, which
may be of many different forms, but which, for simplicity
of construction and illustration of the invention, is simply
a vertical column or enclosure into which the material
from the stoker falls, and which provides a relatively
large holding section for the final treatment and cooling
of the coke. It is here shown as having a vibrating dis-
charge conveyor 16 extending laterally from the bottom.

As here shown there is a duct 17 leading from near the
top of the finishing section through a heat exchanger 18.
There is an outlet duct 19 leading from the heat exchanger
to the intake of a blower 20, and a connection 21 in the
line 19 admits air. The blower 20 discharges into a duct
22 opening into the lower part of the column or finishing
section 15, and in this duct there is a valve 23. Between
the blower 26 and the valve 23 there is a vent pipe 24 in
which is a pressure-controlled valve 25.

The valve 23 is regulated by a differential pressure
controller 26 which responds to pressure in the plenum
chamber 8 and the upper portion of the column ‘15, as
indicated by the dotted lines 27 and 28. Dotted line 29
indicates the communication between the differential con-
trol and the valve 22 which it regulates, and the adjust-
ment is such that the introduction of recycled gases and
air is so controlled that the differential pressure between
lines 27 and 28 will be as close to zero as possible, but
with any differential always being lower in the upper part
or receiving end of the finishing column than in the plenum
8. Air flow through air inlet pipe 21 is controlled through
a valve 21a.

In the operation of this equipment coal is fed to the
coking stoker and moved continuously through the closed
environment to the discharge end. Assuming the process
to be in operation, air is passed upwardly through the
grates in an amount sufficient to burn enough of the vola-
tiles to maintain a coking temperature within the cham-
ber so that the fuel becomes progressively hotter as it ap-
proaches the discharge end of the stoker. The air so ad-
mitted is insufficient to support combustion of all of the
volatiles, so that the make-gas discharged at 7 is oxygen-
free, at least for all practical purposes.

In order that the make-gas may be oxygen-free, com-
plete removal of the volatiles and finishing of the coke
cannot be completed on the coking stoker, The fuel
is therefore discharged from the stoker before coking has
been completed, and it is continuously discharged from
the stoking grate into the chute 14 and into the receiving
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end, or as here shown, the top, of the finishing section.
Here the still unfinished coke progresses through the fin-
ishing section.

Gases from the receiving end of the finishing section
are withdrawn through conduit 17, cooled by the heat ex-
changer 18, and circulated by pump 20 back to the fin-
ishing section, preferably near its lower or discharge end.
With the cooled recycle gases, sufficient air is inducted
through pipe 21 and valve 21g to supply adequate oxygen
to burn out the residual volatiles from the coke.

The differential pressure controller 26, which is a
well-known type of instrument, regulates the valve 23 so
that the pressure at the entering end of the finishing section
never exceeds the pressure in plenum chamber 8 within
the coking stoker enclosure. An ideal regulation would
be a zero differential in pressure so that there would be
no interchange of gases between the chamber 8 and the
receiving end of the finishing section. However, for
practical reasons the pressure in the entering end of the
finishing section is slightly lower than the pressure in the
chamber 8, assuring that any flow of gas will be from the
chamber 8 into the finishing section. This can be regu-
lated to a very inconsiderable flow, so as to avoid waste
of the make-gas from the coking stoker. The controller
26 opens the valve 23 if there is too great a differential
pressure, allowing more gas to flow into the finishing sec-
tion, and it restricts the flow through valve 23 if the
pressure at the entering end of the finishing section
tends to increase above a level of equilibrium with the
pressure in chamber 8. Thus, the operation as pointed
out above, provides a pressure barrier to the flow of gases
from the finishing chamber to the chamber 8 but in no
way impedes. the continuous flow of incompletely coked
fuel to the finishing chamber. The body of coke in the
finishing section between the receiving end and the Jevel
where pipe 22 supplies the recycle gas and air causes a
pressure drop between the discharge from pipe or duct 22
and the level of the pipe or duct 17. The increase in vol-
ume of the recycle gases due to the introduction of air,
the burning of volatiles and flow from chamber 8 into
the finishing section is relieved by vent 24 and pressure-
controlled valve 25, this valve opening in accordance with
a build-up of pressure between pump 20 and valve 23.
The vent gases may be disposed of as may be feasible,
either being wasted entirely, or used as a fuel in a boiler,
or otherwise.

The cooling of the recycle gases is desirable because
the purpose of these gases is to cool the coke in the lower
portion of the finishing section so that when the coke is
discharged through outlet 16 it will not burn or require
quenching. Air alone could not be used since it would
burn the coke, and the recycle gases used for this purpose
are inert with respect to the coke. Only sufficient air is
used to assure the removal of the small amount of residu-
al volatiles in the coke in the finishing section with mini-
mum combustion of the carbon in the coke itself.

While I have shown one specific embodiment of an ap-
paratus embodying this invention, it will be apparent to
those skilled in the art that the invention may be em-
bodied in and practised with apparatus otherwise con-
structed.

Also, while the air in the finishing section may desir-
ably be mixed with the recycle gases, it may be separately
introduced at a different or higher level, or through the
discharge 16, so long as it has an opportunity to eventual-
ly flow through the incandescent coke in the receiving
end of the finishing section sufficiently to remove the
small amount of residual volatiles.

I claim:

1. The process of preparing coke from coal which com-
prises moving it continuously through a closed environ-
ment, admitting air to said environment and burning only
a part of the volatiles in the environment to sustain the
coking operation while consuming all of the oxygen from
the air so admitted, transferring incompletely coked fuel
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from said closed environment to a finishing section hav-
ing a receiving end and a discharge end, withdrawing
make-gas from said closed environment, recycling gas
from the receiving end of the finishing section and re-
turning it only to the finishing section at a location remote
from the receiving end for cooling the coke, introducing
air into the recycled gases in an amount to complete the
coking of the fuel but insufficient to substantially burn
the coke, and regulating the flow of recycled gases and air
so that the pressure in the receiving end of the finishing
section is slightly negative with respect to the pressure in
said closed environment to provide a pressure barrier
against flow of gases from the finishing section into said
closed environment.

2. The process of coking coal as defined in claim 1
wherein all of the recycle gases are cooled after they are
withdrawn from the finishing section and before they are
again introduced to said section.

3. The process of preparing coke from coal which com-
prises:

(a) moving the coal continuously through a first closed

environment,

(b) incompletely coking the coal in said environment
to release most of the volatiles therefrom by burning
with air only such portion of the volatiles as is neces-
sary to sustain the partial coking operation and con-
sume all of the oxygen in the air so supplied,

(c) withdrawing oxygen-free gases from said closed
environment,

(d) continuously discharging incompletely coked coal
from said environment into a communicating second
environment having a receiving end and a discharge

. end in which the coking operation is completed and
wherein the coal moves from the receiving end to
the discharge end,

(e) continuously removing gases from the second en-
vironment through a withdrawal duct adjacent the re-
ceiving end, cooling it and recycling it into said sec-
ond environment near the discharge end,

(f) continuously introducing air required to complete
the coking operation with the recycled gas,

(g) continuously venting a portion of the gases being
recycled before re-entering said second environment,
and

(h) regulating the pressure of the air and recycled
gases in the second environment at a level where gases
at the inlet end thereof will be removed entirely
through said withdrawal duct and thereby prevented
from flowing into the first environment.

4. The process defined in claim 3 wherein the coal is
carried through said first environment on a stoker and is
removed from said stoker at the end of its travel in the
first environment and moves vertically in a column by
gravity through said second environment with the gas with-
drawal duct being near the upper end of said column
and the air and recycled gases are introduced near the
bottom of said second environment.

5. Apparatus for coking coal comprising:

(a) a coking stoker having a traveling grate and an

enclosure through which the grate travels,

(b) means for supplying coal to one end of the grate,
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(¢) means for supplying a controlled supply of com-
bustion air to the stoker,

(d) a finishing section into which the stoker discharges
coke, said section having a receiving end and a dis-
charge end,

(e) means for introducing air into the finishing section
at a point remote from the receiving end,

(f) means for withdrawing gases from the receiving
end of the finishing section, and

(g) means for maintaining a regulated pressure bar-
rier between the stoker enclosure and the receiving
end of the finishing section by the withdrawal of gases
from said receiving end at a rate sufficient to prevent
the flow of gases from the finishing section into the
stoker enclosure.

6. Apparatus for coking coal comprising:

(a) a coking stoker having a traveling grate and an
enclosure through which the grate travels,

(b) means for supplying coal to one end of the grate,

(c) means for supplying a controlled supply of com-
bustion air to the stoker,

(d) a finishing section into which the stoker discharges
coke, said section having a receiving end and a dis-
charge end,

(e) means for introducing air into the finishing sec-
tion at a point remote from the receiving end,

(f) means for withdrawing gases from the receiving
end of the finishing section,

(g) means for cooling and recycling the gases so with-
drawn to the finishing section near its discharge end,

(h) a differential pressure controller responsive to pres-
sures in the enclosure for the grate and the receiving
end of the finishing section,

(i) a valve regulated by the differential pressure con-
troller for regulating the flow of recycled gases into
the finishing section for preventing the pressure
at the receiving end of the finishing section exceeding
the pressure in the stoker enclosure, and

(i) means for venting surplus gas not needed for re-
cycling to the finishing section.

7. Apparatus for coking coal as defined in claim 6
wherein the means for introducing air is arranged to mix
the air with the recycle gas.

8. Apparatus for coking coal as defined in claim 6
wherein the means for recycling the cooled gases includes
a blower interposed between the cooling means and the
finishing section, said valve which is regulated by the
differential pressure controller being operatively inter-
posed between the blower and the finishing section, the
means for venting surplus gas not needed for recycling
comprising a pressure regulating vent valve operatively
interposed between the blower and the first-named valve,
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