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1

This invention relates to the manufacture of

synthesis gas, useful for the synthesis of hydro-
carbons by the so-called Fischer-Tropsch process.
More particularly, it relates to the manufacture

of a synthesis gas mixture of hydrogen and car-

bon monoxide from finely divided coal.

In accordance with my invention, snythesis

. gas, comprising essentially a mixture of hydrogen

and carbon monoxide, is obtained from finely
divided coal, steam and oxygen by a process in
which a substantial proportion of the power re-
gquirements of the process, including the power
necessary for the production of oxygen, are ob-
tained from the process ifself. More particularly,
it has been found that when a coal to be.con-
verted into synthesis gas is finely divided,
fluidized and . reacted in a reaction zone with
steam and oxygen under superafmospheric pres-
sure, and the resulting synthesis gas is rapidly
cooled by expanding it with the production of
external work, there is not only dbiained the de~
sired synthesis gas, but a substantial proportion
of the power needed for:the process. Furiher-
more, aside from the production of power, the
manufacture of synthesis gas in accordance with
my invention permits of ease and flexibility of
control of the reaction -including the accurate
proportioning of the coal, steam and oxygen re-~
quired. . Additionally, the synthesis gas is pro-
duced in a desired mol ratio of hydrogen. to
carbon monoxide, such as 2:1 or 3:1, substantially
free of inert constituents, and it may be obtained
ab a temperature and pressure desired for the
subsequent synthesis.

In accordance with my invention, the manu-
facture of synthesis gas may be represented
stoichiometrically by the following reactions, de-
pending upon the mol ratio of hydrogen to carbon
monoxide desired.

3C+4H20->CO02-L4H2+2CO w
2C-+3H20-> CO2-4-3Hz-CO 2

Since the ghove reactions are endothermic, suf-
cient oxygen and excess coal are added to result
in the following reaction:

CA02>CO2 (3

‘The latter exothermic reaction liberates sufficient
heat to maintain the endothermic synthesis gas
reactions. In this manner, synthesis gas may be
produced continuously, thus avoiding the blast
and run periods of the conventional water gas
reaciion. Since. all of the reactants, that is,
steam, oxygen and carbon in the form of fluidized
coal may be employed in the stoichiometrie pro-

S 2 e ;
portions required, the manufacture of synthesis
gas in accordance with my invention offers-.a
greater operating flexibility than prior processes

- for producing synthesis gas, and the composition
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of the product synthesis gas can be-closely con-
trolled, " This is. in contrast with known water

gas. processes where the large excess of carbon ‘

Iimits the degree. of control of the compoaluwn
of the product gas.

As previously stated, synthesis gas may be ob-
tained in varying mol ratios of hydrogen to car-
bon monoxide, such as 2:1 or 3:1. In order fo
obtain a mixture of hydrogen and carben mon-
oxide in a mol ratio of 2:1, the coal and steam

are admitted to the reaction zone. in substantially

stoichiometric proportions, and sufficient excess

‘coal and oxygen are added to maintain the reac-

tion. Thus, for every 36 pounds of carbon utilized
in the water gas reaction, about 72 pounds of
steam are required o react therewith, plus 323
pounds of . steam to provide the desired 2:1
equilibrium. . Forty-seven pounds of excess car-
bon and 565 cubic feet of oxygen (measured at
standard temperature and pressure) are required
to provide the heat of reaction. Since ‘the
amount of carbon in coals of different rank will
vary, the amounts of coal fo be added will vary

in proportion to the amount of carbon contained

therein, as will be understood by those skilled
in the art. Fluidization .of the coal, results
in substantially wuniform  reaction conditions
throughout the reaction chamber, with the result
that the reaction proceeds rapidly and uniformly.
The temperature in the combustion ehamber is
preferably maintained in the range 2000° to
2500° ¥. Both the steam and the oxyzen are
prreheated to a temperature sufficient to cause
reaction with the fluidized coal upon contact
therewith in the reaction chamber. The steam
is preheated to a temperature of 1000° F., and
?(;80 oxygen is preheated to. a temperature of

It is a featuyre of my invention that the re-
action to produce synthesis gas takes place under
superatmospheric pressures. All of the reactants
are introdueed info the reaction chamber under
superatmospheric pressure and the product syn-
thesis gas is withdrawn frem the reactor ‘also
under superatmospheric pressure. The synthesis
gas is then expanded with the production of ex-
ternal work and is thereby rapidly cooled. The
superatmospheric pressure under which the sys-
tem is-operated and the degree of expansion of
the synthesis gas may be varied in accordance
with the amount of power desired, but I prefer
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to operate the system under a pressure of about
300 pounds per square inch gauge and to expand
the. synthesis gas to a pressure of about 200
pounds- per square inch gauge. In so doing,
encugh residual heat is left in the expanded syn-
“thesis gas to generate and superheat the steam
required for the process, as- well as to preheat
the oxygen. Furthermore, the synthesis gas may
then be chtained at suitable temperatures and
pressures required for the subsequent hydrocar-
bon synthesis, such as a temperature of about

4
33 through line 81. When the hopper 18 is al-
most empty, slide valve 26 is opened and the

- material in hopper I8 begins to flow intoc the

10

100° F, and a pressure of about 190 pounds per ~

‘square inch gauge. L
My invention will be more fully understood

by reference to the attached drawing, wherein.

there is shown diagrammatically a system for
-the production' of synthesis gas in accordance
with my invention. Referring now to the draw-
ing, cocal is introduced in lumps into the hopper
I8, whence it passes into pulverizer i{ where it
is finely ground to a sufficient fineness to permit
its suspension  and fluidization in a stream of
gas. Ordinarily a particle size of 50 to 200 mesh
will ke sufficient. ‘From the pulverizer, the finely
divided coalis fed by screw feeder {2 t0 an aerat-
ing zone i2q at the end of the screw feeder, where
an aerating gas, such as recycled product syn-
thesis gas entering the aerating zone from line
28, fuidizes the finely divided coal and transmits
it upwardly through conduit {3, valve {5 and
conduit {4 into hopper {§ under substantially at-
mospheric pressure. As shown in the drawing,
two hoppers, I8 and 18, respectively, are pro-
vided.
provide a continuous supply of fluidized powdered
coal to the reaction chamber 34. Accordingly,
while hopper 18 is being filled through conduit
14, valve {2 in conduit {7 leading to filled hopper
19 is closed and the fluidized coal in hopper i3
is being discharged through standpipe 27 and
slide valve 28 into riser line 33 leading to reaction
chamber 34. The pressure in hopper 19 is slight-
ly higher than that existing in the reaction
chamber. Riser line 83 is provided with re-
cycled product gas as an aerating gas through
lines &1, 68 and $4. During the filling of hopper
18, slide valve 26 in standpipe 2§ remains closed.
After the hopper 1§ has been filled to the requi-
site amoimt with fluidized powdered coal, the
vulverizer and screw feeder are shut down and
valve 15 is closed. Valve 28 in vent line 28¢q
leading from hopper 1§ into line 22 is throttled
but not closed and the pressure in the hopper
is raised to a pressure at least egual to that exist-
ing in the reaction chamber; i. e., about 309
p. 8.'1. g. This is accomplished hy passing a por-
tion of the recycled product gas from line 62
through compressor &3, where it is compressed to
the desired pressure, and lines 64, §5 and 3% into
the standpipe 25. The coal is also mainfained
in the fluidized state thereby. It is essential
that the pressure in the hopper {8 be slightly
greater than the pressure in the combustion
chamber 34 in order that the fluidized coal may
fow from the hopper i§ into the reaction cham-
ber - §4. Furthermore, the standpipe 25 is of
such height as to provide a fluid pressure head
at ths bottom of the standpipe 25 sufficient to
establish a pressure drop across the slide valve
28, i. e, the pressure at the bottom of the stand-
pipe is greater than the pressure of the aerating
gas in line 33. When slide valve 26 is opened,
the fluidized powdered coal flows into the riser
line 3% and is carried into reaction chamber
34 by means. of the aerating gas entering line
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‘gradually reducing the pressure

reaction chamber. Af this time, both hoppers
£6 and {9 are discharging. Wheén the hoopper 18§
is substantially completely discharged, slide valve
28 is closed, valve 21 in vent line £fa is opened,
in hopper 8
to atmospherie, valve I8 in line !7 is opened,
and the pulverizer §{ and screw feeder {2 are
started again. In this manner, hopper 8§ is
again filled with fluidized powdered coal, while
hopper 18 is discharging into the reaction cham-
ber. After hopper {9 has bheen filled, valve {8
is closed, valve 21 is throttled gnd the pressure
in the hopper 19 is increased to a nressure siighi-
ly greater than that in the reaction chamber
by the admission of recycled produect gas through
line 32. When the hoppar {8 is almost emply
the cycle is repeated. Cyclone separators 23 and
24 are provided in the fluidized coal hoppers
to recover whatever coal is carried up out of
the fiuidized bed in the hoppers during the flling
operation. Normally, however, the fiuidized bed
of coal in the hoppers will trap most of the coal
brought into the hoppers.

As stated, the fluidized coal passing from. the
hoppers through the slide valves info riser line
33 is carried along by a stream of recycled prod-
uct gas into the reaction chamber 34, Treheated
steam, which has been generated from the heat
contained in the product gases as hereinafter de~
scribed, is admitted to the reaction chamber
through lines 77 and 82. Preheated oxygen is
‘admitted to the reaction chamber through lines
81 and 82. In the reaction chamber, the react-
ants are converted to a synthesis gas mixture of
carbon monoxide and hydrogen, the reactants
and reaction products being present throughout
the reaction chamber in proportions correspond-
ing to the proportions in the mixture of reactants
introduced into the reaction chamber. Carkbon
dioxide and ash from the coal are also formed.
In order to remove the ash from the product
gases, wll reaction products flow wupwardly
through line 34a, enter cyclone separator &8,
where the ash is separated, and pass through line
36 and valve 37 into lock hopper 28. When it is
desired to empty hopper 38, valve 37 is closed,
valve 4@ is opened and the ash then flows through
line 39 and valve 46 to any desired deposition.
In order to avoid loss of pressure on the system,
recycled product gas passing from the compressor
83 and line 64 under pressure is admitted to line
36 through line 41, and into line 3% through line
42,

The hot product gases, leaving the cyclone sep-
arator 35 through line 43 at a pressure of about
300 p. s. i. g., pass through heat exchanger 44
where they are cooled and give up a portion of
their sensible heat to superheated steam passing
through heat exchanger 44 by means of lines 76
and 71, thereby further heating the steam to the
desired preheat ftemperature. The degree of
cooling of the product gas in the heat exchanger
44 is such as to reduce its temperature to about
1200° ¥ for satisfactory operation in the gas tur-
hine 48, The cooled product gases leave heat ex-
changer 44 through line 45 and enter gas turbine
46, In the gas turbine 48, the product gases are
expanded with the production of external work
to a pressure of about 200 p. s. i. g., and in this
manner are rapidly cooled. Furthermore, in
passing through the gas turbine, the product
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gases yield ‘an appreciable propnrtlon of "t,he
power requirements for the system.,

From the gas turbine 48, the product gases are

- exhausted to line 47, heat exchanger 48, line 49,
superheater exchanger 50 -and line §i,
they enter steam generator 52. In heat ex-
changer 88, oxygen arriving through line 80 is
preheated to the desired preheat temperature and
then is passed through lines 8i and 82 into the
reaction chamber. In the superheater exchanger
‘B0, steam coming from steam drum Ti and line
75 is superheated and then Passed through line
16 to heat exchanger 44 where i} is further heat-
ed, as set forth hereinabove.

The product gases entering steam generator 52
generate steam -which passes into line 79 and
steam drum T1. The product gases leaving the
steam generator through line B3 pass through a
preheater 54 wherein feed water, pumped into the
preheater by pump 67, is.preheated. -The, pre-
heated feed water leaves the preheater through
line 68, and, along with condensed water from
the steam drum Ti, flowing through line 712, en-
ters the steam generator through ling 69, Steam
may be withdrawn. from the steam .drum Ti
through line 13 controlled by valve T4,

The produect gases issue from: the feed -water
preheater 54 into line §5 and thence into the bot-
tom of a cooling tower 56 provided with any suit-

able packing §6a, such as stoneware rings. Water !

is introduced into the top of the cooling tower
by pump 58 and line 59 and serves the functions
of (1) further cooling the product gases, and (2)
since the product gases are still under pressure;
of removing a substantial proportion of the car-
bon dioxide and water vapor therefrom. The
wash water leaves the cooling tower through line

60, and the washed and cooled synthesis gas

leaves the cooling tower through line 57 at a tem-
perature of about 100° F., and a pressure of about
190 p. s.i. g. The product gas may then be passed
to a synthesis reactor through line 6f. A stream
of product gas is ‘taken off through line 62,
whence it is recycled through compressor 63 and
lines 64-and 66 to provide aerating gas and pres-
suring gas to lines 29, 30, 31, 32, 41 and 42 as
previously described.

As shown, oxygen from an oxygen plant enters
the system through line 18, is compressed in com-
pressor 19 to the desired pressure, flows through

line 80 to preheater 48 and thence to. the com-~

bustion chamber, as hereinabove described. If a
source of liquid oxygen is available, the compres-
sor 19 may be replaced by a pump-and followed by
a vaporizer exchanger whereby gaseous oxygen
may be produced at the required pressure.

While I have disclosed the use of two hoppers
to supply fluidized coal continuously to the re-
action chamber, it is within the scope of my
invention to use more than two hoppers which
are being discharged and filled in a cyclic or al-
ternate sequence. Furthermore, in'lieu of -ex-
panding the hot gaseous reaction products from
a pressure of 300.p. s. i. g. to a pressure of 200
p. 8. i. g., they may be expanded to a lower pres-
sure, such as 100 p. s. i. g., or even to atmospheric
pressure, depending upon the amount of power
that is desired and the reaction pressure of the
subsequent hydrocarbon synthesis. In.some in-

stances, it may be desirable to expand the gases.

to atmospheric pressure and recompress them to
the pressure required in the subsequent hydro-
carbon synthesis. _
deemed to be within the scope of my invention.

whence:

Any of such. variations. are
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1. In a process for the: production of g synmesls
gas mixture of hydrogen and carbon monoxide
wherein & finely divided coal is fluidized, continu-
ously -introduced into a reaction zone, reacted
with steam and oxygen under ‘Superatmospheric
pressure, and the hot gaseous reaction products

-are expanded with the production’ of external

work, the steps which ‘comprise ﬁuidlzmg finély
divided coal in a stream of recycled synthesxs gas,
passing said stream of fluidized :coal ‘into- orie ‘of -
at least two storage zones maintained under sub-
stantially atmospherie pressure, interrupting the
passage of said “fluidized ‘coal into said storage
zone ‘while maintaining the coal therein in fluid-
ized -condition, increasing the ‘pressure in - said
storage zone to a superatmospheric ‘pressure:at

Teast equal to that existing in the reaction zone,

maintaining a vertieal column of said fluidized
coal below ‘sald storage zone and communicat-
ing therewith, said vertical column being of suf-
ficient height to produce a fuid pressure head
over the ‘bottom “of said column, -opening ‘the
‘bottom of said vertical column to said reactfon
zone, conveying said fluidized coal from said stor-
age zone through said -column into said reac~
tion zone by a stream of recycled synthesis gas,
closing -the bottom of said wvertical column from
said reaction zone when said storage zone is
nearly empty, venting said storage zone until the
pressure therein is substantially atmospheric and

- repeating said cycle while at least one other stor-
_-age zone is being filled and emptied in an alter-

nate sequence.
2. A process for the production of a synthesis

‘gas mixture of hydrogen and carbon monoxide

in a controlled ratio of hydrogen to carbon
monoxide in a reaction zone under superatmos-

- pheric pressure and a reaction temperature which

40

45

50

60

70

75

comprises fluidizing finely divided coal in a
stream of recycled synthesis gas, passing said
stream of fluidized coal into one of at least two
storage zones maintained under substantially at-
mospheric pressure, interrupting the passage of
said fluidized coal into said storage zone while
maintaining the coal therein in a fluidized con-
dition, increasing the pressure in said storage
zone to a superatmospheric pressure at least equal
to that existing in the reaction zone, maintain-
ing a vertical column of said fluidized coal below
said storage zone and communicating therewith,
said vertical column being of sufficient height to
produce a fluid pressure head over the bottom
of said column, opening the bottom of said ver-

s tical column to said reaction zone, conveying said

fluidized coal from said storage zone through
said column into the lower portion of said reac-
tion zone by a stream of recycled synthesis gas,
closing the bottom of said vertical column from
said reaction zone when said storage zone is.
nearly empty, venting said storage zone until the
pressure therein is substantially atmospheric and
repeating said cycle while at least one other stor-
age zone is being filled and emptied in an al-
ternate sequence, introducing into the lower por-
tion of said reaction zone, amounts of oxygen and
steam controlled to produce upon admixture with
said coal fluidized in said stream of recycled syn-
thesis gas, sufficient heat to maintain in. said
reaction zone said reaction temperature and to
furnish stoichiometric amounts of the reactants
to produce hydrogen and carbon monoxide in said
controlled ratio, flowing the resulting mixture
upwardly through said reaction zone, and with-
drawing reaction products comprising hydrogen
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and carbon monoxide in said controlled: ratio
from:the upper portion of said reaction zone.

--3. In a process for the production of a synthesis
gas mixture of hydrogen and carbon monoxide
wherein a finely divided coal is fluidized, con-
tinuously  introduced into a reaction zone, and
reacted with steam and oxygen under superat-~
mospheric pressure, the steps which comprise
fluidizing finely divided coal in a stream of re-
cycled synthesis gas, passing said.. stream of
fluidized coal into one of at least two storage
zones - maintained wunder substantially atmos-
pheric pressure, interrupting the passage of said
fluidized coal into said storage zZone while main-
taining the coal therein in fluidized condition,
increasing -the pressure in said storage zone to
a superatmospheric pressure at least equal to that
existing in the reaction zone, maintaining a ver-
tical column of said fluidized coal below said
storage zone and communicating therewith, said
vertical column being of sufficient height to pro-
duce a fuid pressure head cover the bottom of
said column, opening the bottom of said vertical
column to said reaction zone, conveying “said
fluidized coal from said storage zone through said
column into said reaction zone by a stream of
.recycled synthesis gas, closing the bottom of said
vertical column from said reaction zone when
said storage zone is nearly empty, venting said
storage zone until the pressure therein is sub-
stantially atmospheric and repeating said cycle

8

-while at least one other storage zone is being
filled and emptied in an alternate sequence.
JOEL H. HIRSCH.
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