2,234,941

P. C. KEITH, JR ~
METHOD OF SYNTHESIZING HYDROCARBONS

March 11, 1941.

Filed May 18, 1938

N
X
RWW
X3 ¥
NCV@ [
—= — N
@B s5p007 Wz IR
=t —— x Dp/w o
& P N A «
| 2oz s A
|~ g0 it & SOGURY D & 2, “VY 604
233 = ._.f _mw : KQ%MM\W%\W\\ e «:_ R 2y = RESLRCES i :
=i 2|l Mo NG~ Yvampuy _ = f £, f
| i ) o gp> 4 "l R |
o - Z\ oz , : RS -
- - .7 ¢
= o= « o Luogiaryy 15/914)
= - g . w2007 LN W stz
= - -
=V - o1 F
B O I P2 _ /)
s L2705
« Z
e \
%




Patented Mar. 11, 1941

2,234,941

UNITED STATES PATENT OFFICE

METHOD OF SYNTHESIZING
HYDROCARBONS

Percival C. Keith, Jr,, Peapack, N, J.
Application May 18, 1938, Serial N_’o. 208,588
(C1. 260—449)

7 Claims.

My invention relates to a method of synthesiz.
ing Hquid hydrocarbons and more particularly to

" a method of converting methane and light hy-

drocarbon gases into hydrocarbon suitable for
& motor fuel and other heavier fractions, such as
lubricating oil, Diesel oil, and the like.

There is, at the present time, a large quantity
of ‘waste gas, principally methane, in the produc-
ing fields and in the oil refineries of the United

10 states. A large portion of the waste occurs at
the wells during production of crude oil, A con-
siderable amount of methane is burned for fuel,
where it could be more economically used other-
wise, as in the process hereinafter explained,

It has been proposed to produce synthesis gas
mixture of carbon monoxide and hydrogen from
solid fuels and from hydrocarbon gases, particu-
larly natural gas, which is predominantly meth.

ane. In the production of synthesis gas from
20 either gaseous or solid raw materials it has been
found highly uneconomical to produce g syn-
thesis gas which contains no diluent nitrogen.
In the gasification of solid fuels it is very, difficult
g5 Vo produce mixtures of carbon monoxide and hy-
drogen which do not contain substantial amounts
of nitrogen. In this country we propose to use
natural gas as the raw material, Natural gas
from many producing areas contains appreciable
30 Ppercentages of nitrogen.

Methane is stable chemically, and to overcome
its inertness or stability, considerable energy
must be expended. One object of my invention
is to provide 2 method of synthesizing liquid hy-

85 drecarbons from gaseous hydrocarbons, such as
methane, which has been converted into carbon
monoxide and hydrogen in broportions that may
be synthesized in the presence of a catalyst at
broper {femperature and pressure conditions,

40 'While methane is preferred as g charging stoclk,
it will be understood that any light hydrocarbon
gas having three, or fewer carbon atoms per
molecule is suitable for the process.

Fischer and Tropsch, and others,

45 thesized hydrocarbons from mixtures of carbon
monoxide and hydrogen, In their processes
ordinary solid fuels such as coke, semi-coke, and
coal are subjected to the water gas reaction to
produce a mixture of carbon monoxide and hy-

50 drogen. The water gas thus formed is treated to

15

have syn-

remove hydrogen sulphide and organically com--

bined sulphur to avoid sulphur poisoning of the
catalyst. The carbon monoxide and hydrogen
are then reacted at substantially atmospheric
85 pressure and temperatures in the vicinity of

-

' temperatures,

. the Sabatier

. There are three sources of oxygen that are
readily available for partial oxidation of meth-

200° C, (390°
water, |

The catalysts used in the above process may
be of many types. Satisfactory results are ob-
tained with mixtures of cobalt-thorium-kiesel. 5
guhr, nickel-manganese-alunﬁna,-kieselguhr, or
cobaIt-thorium-copper-kieselguhr, Prepared by
reduction of metallic nitrates with hydrogen. In-
numerable combinations of metals precipitated
on inert carriers or alloy catalysts have given 19
satisfaction.

If the mixiure of carbon monoxide and hydro-
gen subjected to the synthesis is poor in hydro-
gen, it is necessary to work af somewhat higher
and a larger proportion of olefins
will be produced. If the mixture of carbon
monoxide and hydrogen is rich in hydrogen, it is
necessary to work at lower temperatures in order
to avoid the production of methane according to
methane synthesis.

According to the theoretical
Fischer and Tropsch synthesis,
hydrogen should be present to
carbon monoxide, Under
however, 1 is advantageous to operate the syn-
thesis with carbon monoxide-hydrogen ratios
somewhat different from those required accord-
ing to theoretical dictation, and for this reason
the ratio of carbon monoxide to hydrogen may
be of the order of one to one.

When it is found desirable to operate with a
synthesis gas having a carbon monoxide to hy-
drogen ratio of 1 to 2 it is possible to use sue-
cessive catalytic synthesis stages and to convert
8 major portion of the carbon monozxide and
hydrogen, even though g considerable amount of
diluent nitrogen is present. I have folind,
however, that it is often desirable because of
better product quality to operate the synthesis
with & gas that is richer in carbon monoxide
than the 1 o 2 ratio in which carbon monoxide
and hydrogen are consumed. In this case the
unconverfed gases leaving the synthesis will be
very rich in carbon monoxide so that it is neces-
sary te recycle the tail gas to avold the losses of
the carbon, If inert gases, such as nitrogen, are
present in the gas charged to the synthesis it is
necessary to remove them $o that they will not
build up in the recycle operation, o

F.) to form liquid hydrocarbons and

20
reaction in the

two volumes of
one volume of
certain conditions,

3

40

45

ane to produce mixtures of carbon monoxide and
hydrogen. These are—oxygen, steam and carbon
dioxide. Oxygen may be obtained by using air
without purification, or it may be separated from g3
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2 .
nitrogen in a low temperature or rectification
plant. The theoretical equations for partial
oxidation of methane with these three materials
are as follows:

1. CHi+1/2(02) »CO-+2Hz
2. CH}H:0 |>CO+3H:
3. CHi1-CO:  »2CO-+2H:

It will be noted that when alr is used the ratio
of carbon monoxide to hydrogen is 1 to 2, the
theoretical ratio in which the gases are consumed
in synthesis, When steam is used the ratio is 1
to 3. When carbon dioxide is used the ratio is
1 to 1. As pointed out previously, this last ratio
has been found highly desirable in the synthesis
when an unsaturated product of high octane
number is desired. Cobalt is preferred to nickel
as & catalyst for the production of unsaturates.

I propose to use carbon dioxide as the oxidizing
medium, as indicated in equation three above,

In general, my invention contemplates the oxi-
dation of methane with carbon dioxide prior to
the synthesis to form a carbon monoxide mixture
with hydrogen having a ratio substantially of
one to one, and the subsequent synthesis of this
gas to produce liquid hydrocarbons in the pres-
ence of a catalyst. Immediately following the
synhthesis the liquids are separated and the gases,
containing principally unreacted carbon mon-
oxide and hydrogen, are oxidized to convert the
carbon monoxide to carbon dioxide and the nitro-
gen is extracted by & selective method in & sep-
arate stage, The carbon dioxide is recycled to
the initial stage, where it is combined with the
methane to produce the synthesis gas mixture.

The carbon monoxide in the tail gas is oxidized
to carbon dioxide, separated from the inert nitro-
gen, and returned to thé synthesis gas manufac-
turing step to be used as the oxidizing gas. This
method of separating carbon monoxide and nitro-
gen is highly desirable since these two gases are

separated directly only with- difficulty. By con- -

verting carbon monoxide to carbon dioxide the
gases may be separated by a number of well
known and simple methods. :

The overall effect of this process is tc use the
reversible reaction—CO--(O) «->COz—to provide
oxygen for the partial oxidation of a hydr:icarbon
gas. .

In certain cases it is found desirable to recycle
tail gases from the synthesis step directly to the
synthesis, This method of operation is covered
in my copending application Serial No. 157,341,
filed August 4, 1937. As an improvement over
the operation described in this application, a por-
tion of the recycle gases is withdrawn, the carbon
monoxide oxidized to carbon dioxide, the nitrogen
eliminated, and the carbon dioxide returned to
the synthesis gas manufacturing step. By this
method of operation any inert nitrogen is allowed
to build up in the recycle stream and a portion of
the stream is withdrawn and freed of nitrogen.
The advantage of this operation lies in the re-
duced size of the conversion equipment, since
only g portion of the tail gas is treated.

The accompanying drawing, which forms a
part of the instant specification and which is to
be read in conjunction therewith, is a diagram-
matic view of one form of apparatus capable of
carrying out the process and invention. More
particularly, referring now to the drawing, meth-
ane from any suitable source, such as a holder {,
passes through line 2 ‘and is forced by pump 3.
through line 4 to a regenerator 5 containing a
catalyst positioned in beds therein, or checker-
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work brick built of catalytic brick-work built up
in the interior of the container. Prior to charging
the gas to the system it is preferably desulphur-
ized by any suitable method well known to the
art, A conventional method is that offered by the
Girdler Corporation in which the gas is con-
tacted with triethanolamine. Other processes of
a similar character use sodium phenolate and
diaminoisopropanol, If desired, sodlum hydrox-
ide may be used or combinations of the above
method with sodium hydroxide may be employed
to reduce the sulphur content of the methane to
about one-tenth of one grain per 100 cubic feet.
The removal of sulphur is desirable in order to
avold poisoning of the catalyst.

Carbon dioxide is added to the methane charge
through pipe § controlled by valve 1. In the re-
generator 5 the methane-carbon dioxide mixture
is raised to a temperature sufficiently high to
convert the mixture to carbon monoxide and hy-
drogen substantially in the ratio of one to one.
The following reaction takes place in the regen-
erator; CH4+COz4-X cal.~»2CO-2Hz. This re-
action will take place within the vicinity of 2000°
P, in the presence of a catalyst comprising nickel
deposited on clay of high alumina content, such
as fire clay or alundum. :

The ratio of carbon monoxide fo hydrogen may
be varied by the addition of steam through line 8.

On being discharged from the regenerator 5,
the earbon monoxide mixture is directed through

line 8 to a synthesis chamber {0 wherein is main-

tained a catalyst of the character previously men-
tioned, Temperatures in the synthesis chamber
are maintained somewhat above 200° C. (392° F.)
to obtain proper reaction owing to the fact that
the migture is low in hydrogen. In order to ob-
tain and control the temperatures in the synthesis
chamber, a cooler il is positioned in the line 9.
This cooler is supplied with a cooling medium,
either from products of the system or from an
outside source.” The recirculated carbon dioxide
hereinafter described would serve as & proper
medium to assist in reduction of the temperature
of this synthesis gas mixture. The synthesis
chamber i0 is preferably of the type shown in a
co-pending application, Serial 122,340, filed Jan-
uary 26, 1937, in which I am a joint inventor, and

~ wherein there is disclosed a method of forming

synthesis gas from methane and other light hy-
drocarbons. After reaction, the products are dis-~
charged from the chamber through pipe {2,
thence to condenser 13, through line {4 to a sepa-
rator 15. The separator is equipped with a lquid
drawoff line {6 controlled by valve {7 and an
overhead line {8 for removinng the unreacted
gases.

The unreacted gases are principally carbon
monoxide and nitrogen, the latter being inert in
the system. Provision is made in the form of a
pipe {9 controlled by valve 20 for recirculating
desired amounts.of this gas back to be reintro-
duced into the regenerator with the methane
charge. Gas from the separator that is not re-
cycled is directed by regulation of valve 21 in line
18 to a heater 22 where it is raised to a tempera-
ture of the order of 1000° to 1500° F. After heat-
ing, the gas is passed through line 23 to an ox-
idizer 24 where carbon monoxide in the gas is
converted to carbon dioxide. The oxidizing stage
comprises a tank or container partially filled with
a porous bed of ferrite or iron oxide, diagram-
matically shown.

This oxidizing stage may be included in the
system in the form of alternate chambers so that
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one can be isolated from the system to‘be regen-
erated while the other is used. To regenerate
the iron oxide, steam fs introduced through line
24a under proper temperature and pressure con-
ditions and exhausted through pipe 24b. The
conversion of the iron oxide to metallic. iron or
lower oxide takes place in changing carbon mon-
oxide to carbon dioxide, and regeneration with
steam converts the metallic fron or lower oxide
back to its. oxide state, which may be a higher
oxide, with. accompanying production. of hy-
drogen. -

After passing through the oxidizing chamber,

the carbon dioxide and nitrogen mixture from
the converter 24 is passed through cooler 38 and
Introduced through pipe 2§ into tower 28. In
this tower the gas is passed counterflow with a8
Hquid absorber material sélective to and adapted
to remove the carbon dioxide from the mixture,
This liquid absorber medium is introduced into
the tower through pipe 2T and gravitates down-
wardly in an opposed direction to the rising
gases, to be removed from the bottom ‘thereof
with the absorbed carbon dioxide through pipe
28. Its temperature is raised in a heater 29, after
which it is charged through pipe 38 to the strip-
ping tower 3{. In the stripping tower the carbon
dioxide is driven off and passes out through the
overhead line 32, through which it is returned
by a suitable pump to the regenerator 8. The
absorber liquid is discharged from the bottom of
tower 31 through pipe 33 regulated by valve 34,
and after having its temperature reduced in
cooler 35 it is recirculated through pipe 27 into
the top of the absorber 26. The absorption and
stripping cycle is one conventional to the art.

In an alternate method of operation the tail
gas5 collected from the synthesis may be burned
with air to furnish heat for the production of
synthesis gas. Carbon dioxide is recovered from
the flue gas by absorption and returned to the
synthesis gas manufacturing step.

In a preferred embodiment of the method a
major portion of the tail gas from the synthesis
step is recycled through line 3§ controlled by
valve 37 to the synthesis step.

Where the synthesis proceeds with a low per-
centage of hydrogen, as in the proportion of one
to one, the reaction is as follows:

2C0O+2H2~(CH2) +H:04+-CO

In this reaction the nitrogen. is present as an
inert or unreacted gas. :

The removal of carbon dioxide in tower 26 is
effected by conventional methods well known in
the art, such as the use of monoethanolamine in
a 15 to 30 percent water solution.

It will be understood that certain features and
sub-combinations are of utility and may be em-
ployed without reference to other features and
sub-combinations. This is contemplated by and
is within the scope of my claims. - It is further
obvious that various changes may be made in
details within the scope of my claims without de-
parting from the spirit of my invention. It is,
therefore, to be understood that my invention is
not to be limited to the specific' details shown
and described.

Having thus described my invention, I claim:

1. A process for converting light hydrocarbon
gases to mixtures of carbon monoxide and hy-
drogen and synthesizing said mixtures for the
production of liquid hydrocarbons comprising the
steps of subjecting the light hydrocarbon gas to
oxidation to form a carbon monoxide-hydrogen

mixture, synthesizing the carhon monoxide-hy-
drogen mixture in the presence of a hydrogena-
tion catalyst at temperatures of about 200° c,
separating the Hquid hydrocarbon produced from
the unreacted gas containing carbhon monoxide,
hydrogen and hydrocarbon gases, oxidizing the
carbon monodxide in the unreacted gases to car-
bon dioxide, extracting the carbon dioxide in an
absorption step and passing the carbon dioxide
to the initial oxidation stage.

2.. A process for synthesizing carbon monoxide
and hydrogen for the production of liquid hydro-
carbon comprising the steps of oxidizing methane
‘with carbon dioxide to produce & carbon monox-
ide-hydrogen mixture having substantially & one
to one ratio, synthesizing the mixture of carbon
‘monoxide and hydrogen in the presence of & hy-
drogenation catalyst at temperatures of about
200° C., separating Hquid hydrocarbon produced
from unreacted gas, said unreacted gas compris-
ing carbon monoxide, hydrogen, light hydrocar-
bon' gases and nitrogen, oxidizing the carbon
monoxide in & portion of the unreacted gas to
carbon dioxide and extracting said carbon diox-
ide by absorption from said gases, passing the
carbon dioxide to the initial oxidizing step and
recirculating another portion of the unreacted
gas separated from the liquid hydrocarbon to the
synthesis gtep.

3. A process for producing liquid hydrocarbons
by synthesis of carbon monoxide and hydrogen,
comprising the steps of oxidizing a mixture of
thane and carbon dioxide to produce a carbon
monoxide-hydrogen mixture having & ratioc of
substantially one to one, synthesizing the carbon
monoxide mixture in the presence of a hydro-
genation catalyst at temperatures of about 200°
C., separating the liquid and unreacted gas re-
sulting from the synthesis, oxidizing the carbon
monoxide contained in & portion of the unreacted
gas in & second oxidizing step, removing carbon
dioxide, and recycling another portion of the un-
reacted gas to be recharged with the methane
and carbon dioxide to the initial oxidizing step,
said carbon dioxide being that removed from said
second oxidizing step, .

4. A process for producing liquid hydrocarbons
by synthesis of carbon monoxide and hydrogen,
comprising the steps of oxidizing & mixture of
methane and carbon dioxide

genation catalyst at temperatures of about 200°
C., separating the liquid and unreacted gas re-
sulting from the synthesis, oxidizing the carbon
monoxide contained in a portion of the unre-
acted gas in a second
carbon dioxide formed in said second oxidizing
step, recycling a further portion of the unreacted
gas to be recharged with the methane ang car-
bon dioxide to the initial oxidizing step, and
recirculating another portion of the unreacted
gas removed from the synthesis to the synthesis
step. ’

5. A process for
gases to mixtures of carbon monoxide and hy-
drogen and synthesizing said mixtures for the
production of liquid hydrocarbong comprising the
steps of subjecting the light hydrocarbon gas to
oxidation with carbon dioxide to form a carbon
monoxide-hydrogen mixture, synthesizing the
carbon monoxide-hydrogen mixture af an ele-
vated temperature in the presence of a synthesis
catalyst promoting the formation of liquid hy-
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drocarbons from the mixture at such elevated
temperature, separating the liquid hydrocarbons
produced from the unreacted gas containing car-
bon monoxide, hydrogen, and hydrocarbon gases,
oxidizing the carbon monoxide contained in the
unreacted gases to carbon dioxide, separating
the carbon dioxide thus formed from the remain-
ing unreacted gases and passing it to the initial
oxidation stage. ‘

6. A process for converting light hydrocarbon
gases to mixtures of carbon monoxide and hy-
drogen and synthesizing said mixtures for the
production of liquid hydrocarbons comprising the
steps of subjecting the light hydrocarbon gas to
oxidation with carbon dioxide to form & carbon
monoxide-hydrogen mixture, synthesizing the
carbon monoxide-hydrogen mixture at an ele-
vated temperature in the presence of a synthesis
catalyst promoting the formation of liquid hy-
drocarbens from the mixture at such elevated
temperature, separating the liquid hydrocarbons
produced from the unreacted gas, oxidizing at

2,234,941

least & portion of said unreacted gases to carbon
dioxide and returning carbon dioxide thus formed
to the initial oxidation stage.

7. A process for converting light hydrocarbon
gases to mixtures of carbon monoxide and hydro-
gen and synthesizing said mixtures for the pro-
duction of liquid hydrocarbons comprising the
steps of subjecting the light hydrocarbon gas
to oxidation with carbon dioxide in the presence
of steam to form a carbon monoxide-hydrogen
mixture, synthesizing the carbon monoxide-hy-
drogen mixture at an elevated temperature in the
presence of & synthesis catalyst promoting the
formation of liquid hydrocarbons from the mix-

ture at such elevated temperature, separating 15

the liquid hydrocarbons produced from the un-
reacted gas, oxidizing at least a portion of said
unreacted gases to carbon dioxide and returning
carbon dioxide thus formed to the initial oxida-

tion stage.
PERCIVAL C. KEITH, Jr.
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