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97 Chsims,

Our invention relates to a method of making
synthesis gas and more particulsrly to 2 method
of mzking a mizture of hydrogen and carbon
monoxide having e controllable ratio of hydrogen
with respect {0 cerbon moncxide from 1:1 to 3:1
by volume, '

Wiztures of carbon monoxide and nydrogen
are useful in syanthesizing many organic com-
pounds and these mixtures are known te the art
as “synthesis gas”. Synthesis gas may be made
from methane, steam and carbon dioxide, accord-
ing to the following reection:

3CH:}-CO2+ZFH20—>4CO-1- 852

The sbove mixture, it will be observed has a
ratio of carbon monoxide to hydrogen as 1:2.

Methane and carbon dioxide form a mixture of
carbon monoxide and hydrogen as follows:

CH:+C02~>2C0+1-2Hz

It will be observed that, in the above mixture of
carbon monoxide and hydrogen we have a ratio
of carbon monoxide to hydrogen as 1:1.

Methane and steam will form a mixture of
synthesis gas as follows:

CH:-+Hz20-CO-+3Hz

Tt will be observed that, in the above synthesis
gas mixture, the ratio of carbon monozide to
hydrogen is as 1:3. .

Any ratio of carbon monoxide and hydrogen
may be obtained between the limits indicated
above by varying the relative proportions of car-
bon dioxide and steam which are reacted with
methane. In this manner, we are enabled to con-
trol the relative proportions of carbon monoxide
and hydrogen in the synthesis gas being produced

_ by our method.

40

a0

55

The instant invention relates to a method of
producing synthesis gas according to the above
reactions in which methane is obtained from
natural gas wells or any other suitable source and
steam may be obtained as a by product from the
liguid conversion synthesis or from any other
suitable source. The carbon dioxide is obtained
by the reaction of methane and steam to form a
mixture of carbon monoxide and hydrogen with
the subsequent conversion of the carbon. monoxide
to carbon dicxide by the water gas reaction as
follows:

CO+4+H20=COz+H2
For convenience, we will refer to the hydro-

carbon gas as methane but it is to be understood
that any suitable light hydrocarbon gases such as

(Tl 23—~7)

ethane, propane, ethylene, propylene, may be
used.

One object of our invention is to provide & novel
process for forming synthesis gas from light
hydrocarbon gases.

Our invention provides s method of converting
light hydrocarbon gases into & misxture containing
0O and H» in which carbon monoxide is converted
into carbon dioxide for use in the conversion of
the hydrocerbon gases te synthesis gas by the
geners! water gas resction.

Other and further objects of cur invention will
appear from the following descripsion.

Tn the sceompanying drawing, Fg. 1 is & dia-
grammatic fiow sheet showing the flow of gas
through ouyr Process.

Tig. 2 is o diagrammetic view of one form of
apparatus capable of carrying out the method of
our invention.

Referring now to Fig. 2, methane from any
suitable source, which may be for example under
g pressure of 400 pounds per square inch and at
a temperature of 100° F. is introduced into an
absorber I through a line 2. The absorber | may
be a bubble tower or a packed tower into which
any suitable hydrogen sulphide absorbent such as
monoethanol-amine or triethanol-amine is intro-
duced through line 3. "Hydrogen sulphide must
be removed from the methane since it will poison
the catalyst in the subsequent liquid conversion
step, that is, the synthesis step in which the syn-
thesis gas is converted into useful organic com-
pounds. The menstruum containing absorbed
hydrogen sulphide is removed from the absorber f
through line 4 and flows under pressure in the
absorber through heat exchanger 5, through line
6 into the stripping tower 7 in which the hydrogen
sulphide is distilled from the menstruum by heat
of steam introduced through line 8 into a reboiler
9. The vapors and hydrogen sulphide pass over-
head from the stripping tower T through line 10
and are condensed in condenser il by a cooling
medium introduced through line 12. The con-
densate returns through line 13 to the tower 7
as reflux and the hydrogen sulphide is removed
through line 14. The stripped menstruum is
pumped by pump 15 through pipe (6, through
heat exchanger 5, through pipe {7 through auxil-
iary cooler (8 to line 3 for reuse in the absorber,
a cooling medium being supplied cooler 18 through

. line 19. The methane, with hydrogen sulphide

removed, leaves the absorber through line 20 and
passes into a manifold 21.

The chambers 22, 23, and 24 are similar in con-
struction and comprise casings containing & re-

bid]

20

25

30

35

40

50



http://ww. Pat ent Gopher.com

10

513

70

%

2 ' 2,198,558

generator bed 25 of crushed refractory material
or the like and catalyst beds 26, 27, and 28. The
catalyst may comprise refractory material upon
which has been deposited metallic nickel or the
like. Any suitable catalyst for the conversion of
methane into synthesis gas may be employed.
Such a catalyst may be prepared by saturating
a difficultly reducible oxide with nickel nitrate,
drying the mixture, roasting it to decompose the
nickel nitrate into nickel oxide, and reducing it
to convert nickel oxide into metallic nickel.

The chambers 29, 30, and 31 are similar in con-
struction and comprise regenerator beds 32 com-
posed of crushed refractory material or the like.

It will be noted that there are three sets of
catalyst and regenerator chambers. The ar-
rangement is such that when one set is qn the
synthesis gas make, another set is being regen-

" erated and the third set Is on the carbon dioxide

make so that the process may be operated sub-
stantially continuously. .

The carbon dioxide converter comprises cham-
ber 33 which contains the catalytic bed 34 which
may be any suitable catalyst capable of converting
carbon monoxide to carbon dioxide in the pres-

ence of steam. A suitable catalyst would be a |
nickel catalyst though it is to be understood that-

any other catalyst known to the art may be em-
ployed in the catalyst bed 34.

In the drawing, chamber 22 is on the synthesis
gas make cycle, chamber 23 is on the carbon
dioxide make cycle, and chamber 24 is on the
heating or regenerative cycle. The conversion
of methane into synthesis gas takes place in the
presence of the catalyst between temperatures of

approximately 1800° F. and 2200° F. Purified .

methane from manifold 21 passes valve 35 and
flows into catalyst chamber 22 through line 36,
valve 37 being closed and valve 38 being open.
Steam from any suitable source is introduced
into the pipe 36 through pipe 39 controlled by
valve 40. Carbon dioxide from carbon dioxide
manifold 41 passes into the catalyst chamber 22
along with the steam and the methane, through
pipe 42 controlled by valve 43. The mixture of
methane, carbon dioxide and steam is converted
into synthesis gas and passes from the catalyst
chamber 22 through line 44 controlled by valve
45 and past valves 46 and 47 into the regenerator
chamber 29, valve 48, controlling bypass line 49,
being closed.

Some of the heat of the hot freshly formed
synthesis gas is stored in the refractory bed 32
where it will be recovered for preheating the air
during the heating or regenerative cycle. When
catalyst chamber 22 is on the make cycle, valve
50 controlling line 51, is closed. Valve 52 con-
trolling line 53 is closed while valve 54 and valve
55 are open so that the synthesis gas will pass
through pipe 56 to the synthesis zone 57 in which
the synthesis gas is converted to useful organic
compounds. Any desired amount of the syn-
thesis gas may pass through pipe 58, controlled
by valve 59 into the gas holder 60, whence it
may be removed by a blower or compressor 61
for passage through pipe 62, when desired for use.

Methane from manifold 21 passes into catalyst
chamber 23, through pipe 63, past valves 64 and
65, valve 66 being closed. Valve 67 is closed and
steam passes into pipe 63 along with the methane
being introduced through pipe 68 past valve 69.
The steam and methane will react to form a
gaseous mixture containing CO+4-Hz, according to
the following reaction:

CHs-+-H20-CO+-3H3

This reaction is during the COz make cycle.
Chamber 28 has just been taken off the synthesis
gas make. It is so taken off when the catalyst
chamber has cooled to approximately 1800° F.
When this temperature is reached, valve 81 con-
trolling the CO: used during the synthesis gas
make is closed so that only steam and methane
continue to be passed into the catalyst chamber
23. The fiow of steam and methane to chamber
23 is continued until the temperature leaving the
catalyst mass falls to approximately 1600° F.,
below which temperature insufficient yields will
result.

The gaseous mixture leaves chamber 23
through pipe 70, controlled by valve 71 and
passes into pipe 72. Valve 13 is open but valve
14 is closed, the gaseous mixture passing through
bypass line 15 controlled by valve 18, past valve
11 into line 78 and into manifold 19, whence the
gases pass into the chamber 38, it being under-
stood that valves 80, 81, and 82 are closed. The

‘gaseous mixture containing carbon monoxide is

joined by steam or water introduced into the
manifold 79 through pipe 83 controlled by valve
84. In chamber 33, the carbon monoxide and
steam react as pointed out above in the general
water gas reaction, producing hydrogen and car-
bon dioxide. The reaction is exothermic at re-
action temperature and the flow is such that the
gases leaving the chamber 33 through pipe 85
will be at a temperature in the vicinity of 850°
P. to 950° P. The mixture containing carbon
dioxide and hydrogen pssses through pipe 88
into a water cooling tower 86 into which water is
introduced through pipe 87 controlled by valve
88 and pipe 89 controlled by valve 80, the water
being withdrawn through pipe 94. The cooled
carbon dioxide and hydrogen mixture will leave
the cooling tower 86 through plpe 92 and pass
into an absorbing tower 93 which may be of any
suitable type such as a packed tower or bubble
tray tower. A carbon dioxide absorbing men-
struum such as monoethanol-amine or any other
suitable solution for removing carbon dioxide
is introduced into the absorbing tower through
pipe 94 and will absorb the carbon dioxide from
the gaseous mixture rising upwardly through the
absorber. The rich menstruum is removed from
the absorber 93 through pipe 95 and pumped by
pump 96 through pipe 97 through heat exchanger
98, through pipe 98 into the still or stripper 108
in which the carbon dioxide is distilled from the
absorbing medium by steam introduced into re~
boiler 101 through pipe 102. The vapors rise
upwardly and are removed from the stripper
through pipe 103 and pass through condenser
104 which is supplied with a cooling medium
through pipe .105. The condensate returns to
the stripper 100 through pipe 106 as reflux and
the carbon dioxide gas is removed through pipe
101 and passed to the carbon dioxide manifold
41. Any desired amount of carbon dioxide may
pass through pipe 108 which is controlled by
valve 109 into a carbon dioxide gas holder 110
from which it may be withdrawn by blower, com-
pressor i1, an injector or any other suitable
means for passage through pipe (12 into the
carbon dioxide manifold 41. The lean men-
struum is withdrawn from the stripping tower
through pipe 113 and is pumped by pump (14
through pipe 115, through heat exchanger 98,
through pipe 116, through cooler 7 which is
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supplied by a cooling medium through pipe 18,

through pipe 94, for reuse.
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g The tail gas from the absorber will comprise
(dargely hydrogen. It may be removed throlgh
pipe 118 conirolled by valve 128 and passed to0'a
onolder for use for hydrogenation or other pur-
gcposes. If desired, a portion of the residusl gas
Omay be pumped by pump 12f or flow under its

wn pressure through line {22 for use as a fuel

._gas during the heating step.

C ‘The catalyst chamber 24 in the drawing is
3¢0n the heating or regenerative cycle. Methane

rom the methane manifold 2{ passes valve {23
Qinto pipe 12§, it being understood that valves
.28, 126, and {28 are closed and valve 127 is open.
Valve 129 is closed and valves 138 and 13f are
pen. If hydrogen is being recycled for fuel,
—valve {32 is also open. The methane and hydro-
—gen in the heating cycle are used as fuel and
:_‘have passed to burners disposed around the cata-
E‘iyst maess within chamber 24 through pipes 133,
26134, and §35. Air to support the combustion is
CTtyrnished by a blower or compressor (38 and
passes through pipe 187, through pipe 188,
through regenerator chamber 3§, through pipe
188, through pipe 148 into the catalyst chamber
24, Tt is understood, of course, thai valves 41,
142, and 143, 148 and 145 ave closed while vglves
148, 1417, 148 and 149 are open. The gases of com-
bustion pass o 2 stack through vipe 188 con-
trolled by valve 127,

It will be readily observed that the sequence
of operations for any one chamber are heating
cycle, gas synthesis cycle, and CCz make cycle.
In the drawing, catalyst chamber 22 being on
the synthesis gas cycle, will next ke put on the
} C02 make cycle. Chamber 23 being on the COz
make cycle will next be put on the heating cyele.
Chamber 28 being on the heating cycle will next
be putb on the synthesis gas make cycle.

Fig. 1 shows the sequence of operations with
chamber 32 on the main make cycle, chamber
23 on the CO: make cycle and chamber 2§ on
the heating or blast cycle.

It will be cbserved that the arrangement is
such that any one of the catalyst chambers 22,
23, or 24 may be put on any one of the three
cycles. Taking chamber 22, it has already been
described with reference to the synthesis gas
make cycle. In order to put this chamber on the
CO2 make cycle, the valve 43 controlling the car-
pon dioxide is closed, shutting off the carbon di-
oxide supply. The valve 47 is closed aund the
valve 48 is opened, bypassing the regenerator 28.
The valve 55 is closed to permit the synthesis gas
to pass into pipe $3. Valve 52 is opened to permit
the synthesis gas to pass to the carbon dioxide
make chamber 33.

When chamber 22.is on the heating cycle, valve
129 is opened to permit fuel gas to flow through
pipe §5{, past valve 152, through pipe 353 to
manifold i564. The fiue gases leave through pipe
§35. Air is supplied past valve 141 through pipe
156, past valve 58, through pipe §{, through pipe
157, through regenerator 28 and pipe 84.

Chamber 23 has been described with respect
to the CO:z make cycle. To place chamber 23
on the heating cycle, fuel is supplied through
pipe 124, valve 131, valve 129, pipe 151, valve 158
and manifold 158, flue gases being withdrawn
from chamber 23 through pipe {68. Air is sup-
plied from pipe 137 through valve 14!, pipe 156,
valve 88, pipe {61, regenerator 38, valve 74, valve
73, pipe 72, valve 74, and pipe 70.

In order to place chamber 23 on the synthesis
gas make cycle, valve 67 is opened to supply COs
from the manifold 4, steam and methane being

28
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supplied as in the case of the COz2 make cycle.
The synthesis gas on the make cycle is passed
through the regenerator 38 by opening valve 74’
and closing valve 76, and the synthesis gas is
passed to the synthesis stage by closing valve
77 and opening valve 8{ to permit the synthesis
gas to flow through pipe {62 and pipe 56 to the
synthesis gas stage or the gas holder §0.

Catalyst chamber 24 is put on the synthesis gas
cycle by supplying carbon dioxide from mani-
fold 4t through valve §28. Methane is supplied
from: pipe 2f through valve {23. Steam is sup--
plied through pipe 163 controlled by valve 125,
The synthesis gas passes from the catalyst cham-
ber through pipes 140 and {88, through regenera-
tor 3! from whence it is withdrawn through pipe
188 passing through pipe {64 via valve 144, pipe
§62, pipe 36, into the synthesis gas stage.

When chamber 24 is on the COz make cycle,
the valve (28 controlling the supply of carbon
dioxide is closed. The regenerator is bypassed
by closing valve 147 and opening valve {42 and
the synthesis gas is passed through pipe {85 by
opening valve {45, valve 184 being closed. The
synthesis gas will then flow past valve 82 into
manifold 72 via pipe 78.

In the detailed description of the method of
operating the combination catalyst chamber and
regenerator, the temperature is described as.
varying between 1800° ¥. and 2200° F. TUnder
certain conditions we may prefer o vary these
temperatures somewhat fo have the extremes of
the operating cycle anywhere between 1500° 7. .
and 2500° F. .

It will be observed that we have accomplished
the objects of our invention. We have provided
a simple. economical and expediticus manner of
forming synthesis gas from hydrocarbon gases
using only hydrocarbon gases and steam as raw
materials. Our operation is flexible and sub- .
stantially continuous by the use of three sets of
units.

By way of illustration and not by way of limi-
tation, 24,000,000 cubic feet of natural gas was’
charged into the hydrogen sulphide scrubber at a
pressure of about 408 pounds per square inch and
at a temperature of 60° ¥. The gas contained
about 700 grains of hydrogen sulphide per 100
cubic feet of gas which was completely removed
in passing through the absorber. ‘The hydrogen
sulphide bearing solution left the bottom of the
absorber under its own pressure and fiowed
through heat exchanger $ where it was heated
to a temperature of about 185° ¥. and then into
the stripper 7. Steam was used as a stripping
medium and was introduced into the reboiler 8.
About 265,000 cubic feet of hydrogen sulphide per
day left the top of the tower. About 65 gallons
per minute of the absorbing solution of mono-
ethanol amine  (sodium phenolate can also be
used) was required to absorb the hydrogen sul-
phide. About 3800 pounds of steam per hour
were required for the stripping operation.

The purified gas flowed into the regenerator
and catalyst chamber which was on the make cy-
cle where it was converted to hydrogen and car-
bon monoxide. In the example illustrative of 2
typical run, the synthesis gas mixture formed
contained carbon monoxide and hydrogen in a
ratic of two parts hydrogen to one part carbon
monoxide by volume. About 61,000,000 cubic
feet of synthesis gas per day was formed. This
quantity of synthesis gas passing to the liquid
synthesis step formed approximately 13,000 bar-
rels per day of hydrocarbon liquid. It is to he 76
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understood, of course, that the quantity of lig-
uid produced may be very much higher or very
much lower, depending upon the condition of the
catalyst and the particular catalyst used in
the synthesis step. :

The tail gas from the liquid synthesis step w
partically recycled and partially burned as s fuel.
In the regenerator which is on the make cycle,
when the gas temperature leaving the catalyst
mass fell to about 1800° F. the flow of carbon
dioxide was discontinued and approximately
8,000,000 cubic feet per day of natural gas and
about 31,000 pounds per hour of steam were in-
troduced to the regenerator. These :naterials re-
acted to produce a gas containing three parts hy-
drogen to one part carbon monoxide ir. a quan-
tity of about 38,000,000 cubic feet per day. In
the conversion of carbon monoxide to carbon di-
oxide about 35,000 pounds per hours of steam is
passed over the catalyst. The conversion took
place at about 850° F. The convercion reaction
is exothermic and liberated about 9,000,000 B. t.u.
per hour. The gas from this step was cooled
and most of the steam contained was condensed.
The remainder of the gas was passed to the car-
bon dioxide recovery plant to which was fed
about 39,000,000 cubic feet of gas per day, from
which amount about 6,000,000 cubic feet of gas
per day, comprising carbon dioxide, was
recovered. . :

When the regenerators of the carbon dioxide
miake cycle reached a gas temperature of 1600° P,
from the catalyst mass, the flow of reactants was
stopped and the regenerator placed upon the
blast cycle. In the blast cycle, about 120,000,000

. cubic feet per day of air was introduced to sup-

port the combustion of the tail gas from the car-
bon dioxide absorber, which amounted to about
33,000,000 cubic feet of gas per day. ‘This gas

48 was predominantly hydrogen. Auxiliary natural

70

78

gas to the extent of about 2,300,000 cubic feet
per day was introduced as fuel during the make
cycle, the flue gas leaving the regenerator at a
temperature of about 1200° F. being passed to

- & stack. :

It will be understood that certain features and
subcombinations 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 our claims. It is further
obvious that various changes may be made in
details within the scope of our claims without
departing fromr the spirit of our invention. It
is, therefore, to be understood that our invention
is not to be limited to the specific details shown
and described.

Having thus described our invention, what we
claim is:

1. In a method of producing a synthesis gas
mixture of carbon monoxide and hydrogen in a
catalytic contact zone in which a mixture of hy-
drocarbon gas, steam, and carbon dioxide is con-
verted into synthesis gas in the presence of a
catalyst between temperatures of 2200° F. and
1800° F, the step of simultaneously converting,
by the water gas reaction, a gaseous mixture con-
taining carbon monoxide and hydrogen into car-
bon. dioxide and hydrogen, separating the hy-
drogen from the carbon dioxide and employing
the separated carbon dioxide as the carbon di-
oxide being passed to the catalytic contact zone.

2. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in a
plurality of catalytic contact zones, including the
steps of introducing a mixture of carbon dioxide,

steam and a hydrocarbon gas into a first contact
zone and there converting the mixture into
synthesis -gas between temperatures of 2200° P,
and 1800° F., simultaneously introducing steam
and a hydrocarbon gas into a second catalytic
contact zone and there forming a gasecus mix-
ture containing carbon monoxide and hydrogen
at.temperatures between 1800° F. and 1600° F.,
admixing steam with said gaseous mixture
formed in the second zone and converting -the
carbon monoxide present to carbon dioxide by
the water gas reaction, separating the carbon
dioxide from the hydrogen and passing the car-
bon dioxide to the first catalytic contact zone
as the carbon dioxide used in the process.

3. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in & plu-
rality of catalytic contact zones, including the
steps of introducing a mixture of carbon dioxide,
steam and a hydrocarbon gas into a first con-
tact zone and there converting the mixture into
synthesis gas between temperatures of 2200° F.
and 1800° F., simultaneously introducing steam
and a hydrecarbon gas into a second catalytic
contact zone and there forming a gaseous mixz-
ture containing carbon monoxide and hydrogen
at temperatures between 1800° F. and 1600° F.,
admixing steam with said gaseous mixture
formed in the second zone and converting the

15

20

carbon: monoxide present to carbon dioxide by 30

the water gas reaction, separating the carbon

dioxide from the hydrogen, passing the carbon.

dioxide to the first catalytic contact zone as the
carbon dioxide used in the process, simultaneous-
ly with the above steps burning & fuel within a
third catalytic contact zone to heat the same
from 1600° F. to 2200° F. and alternating said
zones so that each of said respective zones is suc-
cessively operated in carrying out the first
synthesis gas formation step, the carbon dioxide
formation step and the heating step.

4. A method as in claim 3 in which the sepa-
rated hydrogen is passed to the heating step as
a portion of the fuel being burned. ‘

5. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in a plu-
rality of catalytic contact zones, including the
steps of subjecting a hydrocarbon gas to de-
sulphurizing treatment, forming a mixture of said

desulphurized hydrocarbon gas, carbon dioxide

and steam, introducing said mixture into a first
contact zone and there converting the mixture
into synthesis gas between temperatures of 2200°
F. and 1800° F',, simultaneously introducing steam

and a hydrocarbon gas into a second catalytic

contact zone and there forming a gaseous mix-

ture containing carbon monoxide and hydrogen

at temperatures between 1800° F. and 1600° P,

-admixing steam with said gaseous mixture

formed in the second zone and converting the
carbon monoxide present to carbon dioxide by
the water gas reaction, separating the carbon
dioxide from the hydrogen and passing the car-
bon dioxide to the first catalytic contact zone
as the carbon dioxide used in the process.

6. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in cata-
lytic contact zones operated successively on blast,
main make, and carbon dioxide make cycles, the
blast cycle comprising burning fuel with air to
raise the temperature of a contact zone from
1600° F. to 2200° F., the main make cycle com-
prising subjecting a mixture of hydrocarbon gas,
steam and carbon dioxide to catalytic conversion
at temperatures between 2200° F. and 1800° F.

70
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Sthe carbon dioxide make cycle comprising cata-
lytically converting a hydrocarbon gas and steam
—into a mixture of carbon monoxide and hydrogen
Lat temperatures between 1800° F. and 1600° F.,
¥ othe carbon dioxide make cycle having been pre-
8viously operated on the main make cycle, with-
drawing a gaseous mixture containing carbon
+monoxide and hydrogen and converting the car-
@bon monoxide present to carbon dioxide with the
¥8—cid of steam in the presence of a catalyst by the
Ewater gas reaction, separating the hydrogen from

http://ww.
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the carbon dioxide, employing the separated car-
bon dioxide as the carbon dioxide used in the
process and successively operating respective
zones in the aforementioned sequence to effect
substantially continuous operation.

7. A method as in claim 2 in which said hy-
drocarbon gas comprises largely methane.

GEORGE ROBERTS, Jr.
DUSTIN W, WILSON.
PERCIVAL C. KEITH, Jr.
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