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This invention relates to the manufacture of
liquid hydrocarbons. More particularly the in-
vention relates to the manufacture of liquid hy-
drocarbons by the hydrogenation of carbon
monoxide wherein the hydrogen and carbon
monoxide are produced from methane and solid
carbonaceous materials such as coke and coal.

In the well known Fischer-Tropsch process of
hydrogenating carbon monoxide to produce hy-
drocarbons, it has been proposed to use methane
in the manufacture of the synthesis gas used in
the production of hydrocarbons. Coke is used in
the well known water gas reaction for the pro-
duction of hydrogen and carbon monoxide in
making s synthesis gas. However, by using a
balanced preparation of methane and coke in the
manner hereinafter described. higher yields of
the liquid product could be obtained than is pos-
sible using either coke or methane alone.” The
varlous types of synthesis gases and catalysts
produce different types of hydrocarbons in the
Fischer-Tropsch process, but in all of them there
is produced besides lquid hydrocarbons comi-
paratively large volumes of normally- gaseous
products, including methane, carbon dioxide and
substantisl amounts of water.  In processes
commonly used the hydrogen rejected as water
is lost even when there is g deficiency of hydrogen
in the raw material as is the case with coal or
coke. Likewise. the proportions of CO:z produced

(Ci. 260—449.6)
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A further object is to reduce to a minimum the
production of oxygenated products containing
hydrogen. Still another object is to produce
liquid olefinic hydrocarbons in the gasoline bofl-
ing range.

With these and other objects in view the in-
vention consists in the improved process of
manufacture of Hquid hydrocarbons hereinafter
deseribed and particularly defined in the claims.

The preferred process of the present invention
may be carried out in the apparatus illustrated
in the accompanying drawing which is a dia-

- grammatic flow sheet of the various parts of the
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have been insufficient to supply the carbon de-

ficiency in processes using methane .even when
the total carbon dioxide produced is recycled.

Methane and coke or coal are very abundant
and cheap raw materials which may be used in
the hyrrocarbon synthesis, particularly if a high
and efficient conversion is obtained.

The primary object of the present invention is
to provide a process by which substantially only
lquid hydrocarbons will be produced in the cata-
Iytic hydrogenation -of carbon monoxide pro-
duced from coke and methane,

Another object of the invention is to provide
g process by which the gases, residue or exhaust
products of the catalytic conversion may be used
in the manufacture of synthesis gases for the
catalytic hydrogenation of carbon monoxide.

A& further object of the invention is to provide
a process in which the synthesis gases for the
eatalytic hydrogenation of carbon monoxide are
produced from methane and coke.

Another object of my invention is to provide,
an integrated process which conserves raw ma-
terial and produces Uguid fuels of high octanva
number.
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apparatus. ‘

Four fundamental chemical reactions are in-
volved in providing the synthesis gases which
are used for the catalytic production of hydro-
carbons in the hydrogenation of carbon mon-
oxide according to the present inveniion. For
example, methane will react with water accord-
ing to the following equation:

CH4-H20=CO--3H2

Carbon dioxide will react with methane accord-
ing to the following equation:

4CH:+4CO2=8H3214-8CO

Carbon dioxide will react with carbon in ac-
cordance with the following eguation: :

C4+CO2=2C0

By means of my invention it is possible to ac-
complish indirectly the net conversion repre-
sented by the equation:

nC+nCH4=C2nH4n

This equation shows that it is possible to produce
substantially only hydrocarbons of more than
one carbon atom from CH: and C.

In accordance with the present invention car-
bon monoxide and hydrogen are passed into
catalytic contact with an iron catalyst (prefer-
ably a sintered iron catalyst) at a temperature
between 300° and 350° C. at a pressure between
10 and 50 atmospheres with a space velocity of
300 to 5000 volumes of synthesis gas per volume
of catalyst per hour. The synthesis gas prefer-
ably is made up of carbon monoxide and hydrogen
in the ratio of 4CO to 3H2 but the gas ratios may
be 2C0 to 1Hz or 1CO to 1Hz. Ihave found that s -
final synthesis gas which contains carbon mon-
oxide to hydrogen in a ratio not greater than 1 {o
0.65 or not less than 1 to 1 will produce a residue
gas when the carbon monoxide is hydrogenated
in accordance with the conditions outlined above,
which has the desired. carbon dimzlde content so
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that it may be used: for the production of two

synthesis- gases, one.by-the reaction of residue -

gas with methane and steam and the other by the
reaction of the residue gas-with coke, to form two
synthesis gases which when mixed will provide
the final synthesis gas described above. In the
catalytic conversion besides liquid hydrocarbons
& residue gas is formed, the gas having the fol-
lowing components:

Per cent
H; ——— ——— -- 5tol10-
co e e 5t010
€02 e 40 to 65
Methane ... . .o o.__ 8025

This residue gas forms an important source of
raw material from which to produce the gases
used in the hydrocarbon synthesis. For ex-
ample, one portion of this gas may be passed into
a converter with additional methane and a very
small amount of steam and heated to a tempera-
ture of approximately i000° C. in contact with
a metallic nickel catalyst to produce the follow-
ing synthesis gas:

Per cent
CcOo - -- 40 to 50
Hy oo ——— - 40to65
CHY e 2t010

If the second portion or residue tail gas from
the synthesis is passed through a hot coke bed
at a temperature of 1000° to 1400° C. and at 1 to 2
atmospheres pressure, & synthesis gas will be
formed having the following composition:

Per cent
OO e e, , 70 to 90
Coz : - lto &
CHy - 5 to 12
H; ———— 3to 5

In order to provide a synthesis gas having the
proper composition to be catalyzed into liquid hy-
drocarbons the synthesis gas resulting from the
methane conversion and the coke conversion
should be blended to give a gas within the follow-
ing range of composition: :

Per cent
co 40 to 60
Ha : 36 to 50
CH:4 _— - 1t 5
CO2 - 1t 2

If this mixed synthesis gas is catalytically con-
verted at a pressure of 10 to 50 atmospheres, or
preferably 300 lbs. per square inch, at a tempera-
ture of 300 to 350° (preferably 320° C.), and a
space velocity of 300 to 5000 volumes per volume
of catalyst per hour, (preferably a space velocity
of 500 volumes per volume of catalyst per hour),
desirable hydrocarbons will be produced along
with a tail gas having approximately the required
composition and volume from which to produce
the synthesis gas. For example, 16 parts of car.

- bon monoxide and 8 parts of hydrogen (H2) when

catalyzed with sintered iron at 350° C., will pro-
duce an olefinic hydroecarbon having an average
of 8 carbon atoms and 6 to 8 parts of carbon di-
oxide will be produced. In this process 70 to 90%
of the carbon monoxide will be converted, and
the remaining hydrogen and carbon monoxide
will not be lost to the process because all of the
residue gas is returned to gasification means
along with the CO: and utilized in making the
synthesis gas for the hydrocarbon conversion.

The above-described process may be carried
out in the apparatus illustrated in the drawing as
follows:
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Methane is introduced through a line t0 and -
mixzed with a small amount of steam introduced .
through the line 12. " The mixture of steam and
methane passes through a coil 14 in a furnace
16 and flows to & line 18 entering the lower por-
tion of a catalytic converter 20. Residue gas
from a gas separator {04 is introduced through
2 line 22 into a coil 24 in the furnace 18 and
flows into the line 18 for mixture with the pre-
heated methane. The methane and residue gas -
composed principally of carbon dioxide enter the
catalytic converter at a temperature of approxi-
mately 800° to 1000° C. and come directly into
contact with a bed of catalyst 26 packed in ex-
ternally heated tubes 28 in the converter fur-
nace. The catalyst is composed of granular
Alundum or corundum which is impregnated
with metallic nickel. The preheating of the gases
will supply part of the heat necessary for the
endothermic reaction in the converter tubes 28,
but the reaction is controlled by externally heat-
ing the tubes. A gas composed of carbon mon-
oxide 40 to 50%, hydrogen 40 to 65%, and meth-
ane 2 to 10%, is formed as explained above, The
methane should be free from sulphur and if it
is not free of sulphur, it should be rendered so
by passing it through a potassium carbonate
scrubber of the type later to be described. In
making the synthesis gas from methane, approxi-
mately one half of the residue gas from the con-
verter is utilized.

The remaining half of the residue gas is reacted
with coke in a producer 30 to form the second
portion of the synthesis gas. To accomplish this,
coke from a hopper 32 is introduced through a
rotary gate 34 into the producer 30. The manu-
facture of the synthesis gas involves an endother-
mic reaction so that the coke bed must be heated
to provide the necessary heat for the thermal
reaction. To accomplish this, air is introduced
through a line 36 into a blower 38 and forced
through a line 40 into a recuperator 42. The air
passing through the recuperator is preheated to a
temperature of approximately 600° to 1200° C.and
flows from the recuperator through a line 44 into
the bottom of the producer 30. The preheated
air passes upwardly through the coke bed to pre-
heat the coke and flows through g line 46 into the
top of the recuperator 42. The heated products
of combustion pass downwardly through the re-
cuperator to furnish heat for preheating the air
then flow out through an exhaust line 41. When
the coke bed has reached a temperature of 1200°
to 1800° C,, a valve 48 in the air line 36 is closed
and a valve 50 in a residue gas line 52 is opened
to draw in residue gas from the catalytic con-
verter. The residue gas is forced by means of the
blower 38 through the recuperator 42 and then
through the coke bed in the furnace 30. In the
furnace 30 the carbon dioxide residue gas is con-
verted principally into earbon monoxide and flows
out through the line 46 into the top of the re-
cuperator 42. The gas is cooled in the recuperator
and flows through a line 54 into a water scrubber
§6 in which it flows upwardly through a bed of
refractory filling 58 in contact with water which
is flowing downwardly through the filling, the
water being introduced through a series of spray
nozzles 60. At the time that the gas passes into

“the scrubber 56, a valve 62 in the exhaust line 47

is closed. The water scrubber acts to remove
sulphur dioxide and dust with a small amount of
hydrogen sulphide. The scrubbed and cooled gas
from the scrubber 56 Aows through g line 64 into
the bottom of a potassium carbonate scrubber 66
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and passes upwardly through a bed of filling ma-
terial which is wetted by potassium carbonate
solution introduced through a series of nozzles 68.
Potassium carbonate solution takes out princi-
pally carbon dioxide and some hydrogen sulphide.
The main sulphur compounds HzS and organic
sulphur, may be removed by passing the gas from
the scrubber 66 through a line 70 into contact
with a mixture of approximately 70% iron oxide
and 309% soda ash in a purifier box 72. The gas
leaving the purifier box 12 will have a composi-
tion of:

. Per cent
CO e —— 70 to 90
CO2 e e e 0t0 0.5
CHE oo e 5to 12
He e 3toé6

Potassium carbonate solution reaching the bot-
tom of the serubber 66 is pumped into the upper
portion of an actifying tower 74 wherein it is
heated by a steam coil 76 to drive off the sulphur
compounds and carbon dioxide which exhaust
through an outlet 18 at the fop of the actifier.
The revivified potassium carbonate solution from
the bottom of the tower is withdrawn by means
of a pump 88 and forced through a line 82 into
the distributor 68 at the top of the scrubber 66.

The synthesis gas made irom coke passes from
the purifier 72 through a line 84 to a line 86 where
it is mixed with the synthesis gas made from
methane and flows from the methane converter
20 into the line 86. The mixture of synthesis gas
flows from the line 86 into a cooler and drier 88.
This mixture of gas passes through a coil in the
interchanger and is cooled by means of water or
air which flows through the interchanger around
the tubes. The mixture of synthesis gases is
forced by means of a compressor 80 through a
converter 92. The catalyst for conversion prefer-
ably consists of sintered iron containing activators
such as ThQs, Ca0O and Cu is placed in a series
of tubes 94 positioned within the converter $2.
The hydrogenation of carbon monoxide is an
exothermic reaction so that the temperature
must be accurately controlled. To accomplish
this Dowtherm is introduced into the converter
92 to circulate through the space around the tubes
by means of a pump 96. The Dowtherm is with-
drawn from the converter 92 through a valved
line 98 and passed through a cooler {00 and then
returned to the pump 96. Preferably a tempera-
ture control (net shown) is provided for the pump
motor in order to maintain the desired tempera-
fure in the converter.

The hydrogenated converted products pass
from the converter 82 through a line {82 into a
condenser and gas separator 104 which preferably
is water cooled. The liquid hydrocarbons are
withdrawn from the bottom of the condenser
through a line 106 and the residue or waste gases
pass out of the top of the separator 104 through
a line 108 which is connected respectively with the
lines 22 and 52. Valves {10 and {12 are mounted
in the lines 22 and 52 respectively by which the
propoertion of waste gases being supplied to the
methane and coke converters may be accurately
controlled.

It will be understood that in order to con-
tinuously operate the coke converter it will be
necessary to have two furnaces 38, two recupera-
tors 42 and two pumps 38 with appropriate valve
connections and lines with the scrubber 86
whereby one furnace may be used for converting
carbon dioxide and coke to synthesis gas while
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the other furnace is being preheated preparatory
for the conversion of the carbon dioxide. )

It will be understood also that carbon dioxide
may be separated from the exhaust gases of the
furnace blast if additional carbon dioxide is re-
quired for giving the proper synthesis gas. It has
been also advantageous to operate the methane
converter under pressure up to 35 1bs. in convert-
ing the carbon dioxide and methane into synthe-
sis gas. Under these conditions it would be
necessary to supply pumps in the lines (0 and 22
to control the pressure.

Depending upon the type of iron catalyst and
the temperature used in the catalytic conversion
more or less oxygenated products will be formed in
the conversion by the treatment of the above de-
scribed synthesis gas. At temperatures between
250° and 300° C., the largest amount of alcohols
will be formed. This alcohol will be separated
from the liquid products that are condensed in the
condenser §04. ’

The preferred form of the invention having

‘ been thus described, what is claimed as new is:
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1. A process of producing substantially only
liquid hydrocarbons by the hydrogenation of car-
bon monoxide comprising: passing a synthesis
gas composed of 40 to 60% carbon monoxide gas
and 50 to 30% hydrogen with minor amounts of
impurities under a pressure of 10 to 30 atmos-
pheres into contact with a sintered iron catalyst
at a temperature of 250° to 350° C. to produce sub-
stantially only liquid hydrocarbons and a residue
gas containing a high percentage of carbon di-
oxide, reacting one part of the residue gas from
the catalytic conversion with methane to make
one synthesis gas rich in hydrogen, separately re-
acting another part of the residue gas with coke
to make a second synthesis gas rich in carbon
monoxide, and blending the two synthesis gases
to provide the said synthesis gas for the hydro-
genation reaction.

2. A process of producing liquid hydrocarbons
by the hydrogenation of carbon monoxide com-
prising: reacting methane with carbon dioxide of
residue gas produced in the process and a small
amount of water to produce a gaseous mixture of
carbon monoxide and hydrogen in substantially
equal proportions, reacting carbon dioxide of
residue gas produced in the process with coke at
a high temperature to produce a gas composed of

“more than 70% carbon monoxide and 3 to 5%

hydrogen;, with small amounts of impurities,
biending the two synthesis gases and passing the
mixture through a catalyst converter in contact
with the sintered iron catalyst at 250° to 350° C,
and under superatmospheric pressure to produce
liquid hydrocarbons and said residue gas.

3. A process of producing liguid hydrocarbons
by the hydrogenation of carbon monozide com-
prising: reacting methane with carbon dioxide of
residue gas produced in the process and moisture
to produce a gaseous mixture of carbon monoxide
and hydrogen in approximately equal proportions,
reacting carbon dioxide of residue gas produced
in the process with coke at a high temperature to
produce a gas with more than 70% carbon
monoxide and approximately 3 to 8% hydrogen,
blending the synthesis gases in a proportion so as
to provide g ratio of CO to Hz not greater than
1:0.65 and passing the mixture through a catalyst
converter in contact with a sintered iron catalyst
at a temperature of 250° to 350° C. and under -
superatmospheric pressure to produce liquid hy-
drocarbons and said residue gas. -

4, A process of producing liquid hydrocarbons
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by the hydrogeration of carbon monoxide com-
prising:reacting methane with earbon dioxide of
residue gas produced in the process to produce
a synthesis gas mixture of carbon monoxide and
hydrogen in approximately equal proportions, re-
acting carbon dioxide of residue gas produced in
the process with coke at a high temperature to
produce a synthesis gas.of imore than 70% carbon

monoxide and 3 to 5% hydrogen, blending-the -
10

synthesis gases in such proportion as to provide
a ratio of carbon monoxide to hydrogen of not
less than 1:1 and passing the mixture into contact
with a sintered iron catalyst at a temperature of
300° to 350° C. under superatmospheric pressure
to produce lquid hydrocarbons and said residue
gas. . :

5. A process of producing liquid hydrocarbens

" by the hydrogenation of carbon monoxide com-

prising: reacting methane with carbon dioxide of
residue gas produced in the process and moisture
to produce s synthesis gas mixture of carbon
monoxide and hydrogen in approximately equal

- proportions, reacting carbon dioxide with coke at

4 high temperature to produce a synthesis gas

.composed of more than 709 carbon monoxide and

3 to 5% of hydrogen with some impurities, blend-

. ing the synthesis gases and passing the mixture
_into contact with & sintered iron catalyst at a

temperature of 250° to 350° C. under superatmos-
pheric pressure with a space velocity of 100 to 500
volumes of gas mixture per volume of catalyst per
hour to produce liquid hydrocarbons and said
residue gas,

6. A process of producing hydroecarbons by the
hydrogenation of carbon monoxide comprising :
catalytically reacting a portion of the residue gas
containing carbon dioxide produced in the process
with methane at a temperature above 1000° C.
to produce a synthesis gas composed of caibon
monoxide and hydrogen with a small amount of
methane, reacting preheated coke with the re-
maining portion of said residue gas at a tempera-
ture above 1000° C, to produce a synthesis gas
composed principally of carbon monoxide with a
small amount of hydrogen and methane, blending
the synthesis gases to provide a gas composed of

carbon monoxide and hydrogen. ina ratfo not
greater than 1:0.65 and passing the mixture into
contact with an from catalyss.at g temperature of
300° o 350° C. and under a pressure of 10 to 30
atmospheres o preduce liguid hydrocarbors ‘and
said residue gas, )

7. A process of producing hydrocarbons by
hydrogenation of carbon monoxide comprising:

catalytically reacting a portion of the residue gas. -

of the carbon monoxide hydrogenation with
methane at a temperature above 100° C. and

. under superatmospheric' pressure to- produce &
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synthesis gas composed of carbon menoxide and
hydrogen with a small amount of methane, re-
acting preheated coke with the remaining portion
of said residue gas at a temperature above 1000° C.
to produce a synthesis gas composed principally
of carbon monoxide with small amounts of hydro-
gen and methane, blending the synthesis gases to
provide a gas composed of carbon monoxide and

. hydrogen in a ratio not greater than 1 to 0.65 and
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passing the mixture through a converter in con-
tact with a sintered iron catalyst at a temperature
of 300° to 350° C. ang superatmospheric pressure
to produce liquid hydrocarbons and said residue

gas.
EDMOND I.. 2’OUVILLE.
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