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8 Claims.

Our invention relates to a method of making
synthesis gas and more particularly to a method
of making a mixture of hydrogen and carbon

- monoxide having a ratio of hydrogen with re-

spect to carbon monoxide from 1:1 to 3:1 by
volume. :

Mixtures of carbon monoxide and hydrogen
are useful in synthesizing many organic com-
pounds and these mixtures are known to the art
as “synthesis gas.” The varying of the ratio of
carbon monoxide to hydrogen possible in our
method is of importance, since the type of prod-
uct obtained in the liquid synthesis step may be
controlled by the ratio of carbon monoxide to
hydrogen in the synthesis gas. The ratio also
has an effect upon the degree of saturation and
the speed and extent of the synthesis reaction.

Synthesis gas may be made, for example, by

- oxidizing: methane according to the follqwlng re-

action: CHy-+1%02~CO+2Ha.
Synthesis gas may be made from methane and
steam according to the following reaction:

CHi+H:0-CO-+3Hs

It will be observed that, in the ahove reaction,
& mixture of synthesis gas having a ratio of three
volumes hydrogen to one volume of carbon mon-
oxide, is obtained. A ratio of one part carbon

monoxide to one part hydrogen may be obtained .

as follows: CHi4021->CO+Ha+Hz0.
- AnY desirable ratio of hydrogen to carbon
mopoxide 'may be obtained by changing the pro-
portions of fresh feed hydrocarbon gas, steam,
and oxidation gas, such as carbon dioxide, as
will hereinafter be more fully pointed out. -
Methane may be obtained from natural gas
wells. The oxygen in the air cannot be readily
used because of dilution of synthesis gas with ni-
trogen which is undesirable and which, if pres-

.35 :
- . methane passes upwardly through the tower 2,

view of one form of apparatus capable of carry-
ing out the method of our invention. .
When steam is passed over hot iron or one of

* the lower oxides of iron, oxygen is taken up from

10

the steam, freeing hydrogen. The reactions are

‘as follows:

3 Fe14H20-FeiO4-+-4Ha
3 FeO-+Hz0-Fe;Ou+Hz

The synthesis gas itself being a mixture of
carbon monoxide and hydrogen is a reducing
gas. When a synthesis gas mixture is passed
over the higher oxide of iron formed in the
steaming step, as pointed out above, the follow-
ing reactions take place:

Fe3O4-+ H2»3FeO-+H20
Fe3044+CO-»3Fe0+4-COa
Pe3O4+4H1>3Fe+-4H20

- FesOu--4CO-»3Fe+4C0a

It will be observed that, in the above reactions,
the higher oxide of iron is reduced to a lower
oxide or the metal itself, while hydrogen is
oxidized to water and carbon monoxide is
oxidized to carbon dioxide. o

Referring now to the drawing, methane, which

" may be at a temperature for example of 60° F.

30

40

ent, must be subsequently removed. The pres- -

ence of nitrogen acts as a_diluent which inter-
feres with subsequent synthesis reactions, If ni-
trogen is present in the synthesis gas, it must be
removed by some method such as low tempera-
ture rectification, which is expensive. ’
One object of our invention is to provide for a
novel process.of forming synthesis gas. S
Another object of our invention is to provide
for & method of oxidizing methane in which

45

and under a pressure of 400 pounds per square
inch, is introduced through line { into an ab-
sorber tower 2. It is important that hydrogen
sulphide be removed from the methane so that,
in the subsequent conversion of synthesis gas to
organic compounds, the catalyst there employed
will not be poisoned. Absorber tower 2 may be
a packed tower or a bubble tower. As the

it is contacted with an absorbent for hydrogen
sulphide such as triethanol-amine or mono-
ethanol-amine or the like. The hydrogen sul-
phide absorbing menstruum is removed from the
bottom of a still 3 by pump 4 and passes through
heat exchanger B, cooler 8, and is introduced ad-
jacent the top of the tower through pipe 1.” The.
menstruum containing dissolved .hydrogen sul-
phide flows out of absorber tower 2 under super-
imposed pressure, through line 8, passes through

" heat exchanger § and is introduced into still 3

50

oxygen in combined form is supplied to the sys- .

tem by means of the steam-iron process:
. Other and further cbjects of our invention will
appear from the following description. ’ '

through line 9. The hydrogen sulphide is
stripped from the menstruum by heat supplied
from steam introduced through pipe 10 into a
reboller (1. The hydrogen sulphide passes out
of the system through pipe 12. Entrained men-
struum and condensable fractions are condensed

_ id & condenser 13 to which a cooling medium fx
The accompanying drawing is a diagrammatic 55 supplied through pipe |4, the condensate return-
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ing as reflux to the stripping tower 3 through
pipe 5. The absorber operates at any suitable
pressure, depending of course upon the pressure
at which the methane supplied to it exists. The

stripping tower 3 may likewise be operated at any .

suitable pressure. In the instant case, the pres-
sure within the stripping tower was 10 pounds
per square inch gauge. The methane, free of
hydrogen sulphide, leaves the absorber through

pipe 16 and passes through valve i1 into a mani-

fold {11,

The chamber 9 contains a mass of crushed
refractory material forming a regenerator bed 20,
catalyst masses 21 and a regenerator mass 22. The
catalyst and regenerator chamber 23 is similar in

10

15

construction to the catalyst and regenerator -

chamber 9. The catalyst may comprise re-
fractory material upon which has been deposited

metallic nickel or mixtures of nickel with manga-

nese. Any suitable catalyst for the conversion
of methane into mixtures of carbon monoxide
and hydrogen may be employed. Such a catalyst
may be prepared by saturating a difficultly re-

 ducible oxide with nickel nitrate, drying the mix-

ture, roasting it to decompose the nickel nitrate
into nickel oxide, and reducing it in such a way
that nickel oxide is converted into metallic nickel.

The oxidation chamber 24 contains a mass of
refractory material upon which has been de-
posited a lower oxide of a metal capable of taking

20

25

30

oxygen from steam to form higher oxides which, -

in turn, are capable of transferring oxygen in

combined form to a reducing gas such as hydro- -

gen or carbon monoxide or mixtures thereof.

The process may be started with either purified

metal oxides or oxide~containing ores or with the
metals themselves. These metals or oxides may
be used in any convenient form or may be mixed
with or deposited on a refractory material, which
may be crushed fire brick or the like. The metals

- titanium, lead, cerium, chromium, iron, tungsten,

or molybdenum, or their lower oxides or ores

-containing the metal or their oxides are suitable.

-Oxidation chamber 25 is similar in all respects
to oxidation chamber 24. Regenerator chamber
26 contains a mass of crushed refractory ma-
terial 21. Regenerator chamber 28 is similar in
all respects to regenerator chamber 26.

It will be noted that there are two identical
sets of equipment used for the synthesis gas cycle.
‘When one of these is on the make cycle, the other
is on the regenerative cycle. The length of time
each of the sets is on the respective cycle is, of
course, determined by the size of the equipment.
A typical run will be seven and one-half minutes,
after which the sets are interchanged with re-
spect to their cycles.-

Referring again- to the drawing and consider-
ing catalyst chamber {9 being employed on the
make cycle and catalyst chamber 23 on the re-
generative cycle, the methane freed of hydrogen
sulphide, as pointed out above, is introduced inte
the catalyst and regenerator chamber 19 through
pipe 29, valves 171, I8 and 30 being opened and
valves 128 and 31 being closed. For purposes of

_convenience, I will refer to the hydrocarbon gas

employed as “methane” though it is to be under-
stood that any other suitable hydrocarbon gas
such as ethane, propane, butane or mixtures
thereof may be employed in carrying out our
method. - The regenerator bed 22 will preheat the
gas by heat exchange with the hot refractory
material which has been previously heated during
the regenerative cycle, , The regenerator beds and

the catalyst mass have been previously heated.

s

35

40
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toa temperature between 1800° F. and 2200° F.
during the regenerative cycle. -The temperature
range is given by way of illustration oniy and not
by way of limitation as these chambers may bhe
operated between the temperature range of from
1500° F. to 2500° F.

The output from the ox1dation chamber 24 is
passed into line 29 by blower 32 through pipe 33.
This output will comprise a mixture of steam
and carbon dioxide, Steam may react with
methane according to the following reactmn
2CH:+-2H20->2C0O-+6Ha.

When it is desired to produce a synthesis gas
mixture in which the ratio of hydrogen to carbon
monoxide is high, it will be necessary to intro-
duce additional steam into the mixture going to
the catalyst chamber §9. This is done by opening
valve 84 and valve 208, permitting steam to flow
from the steam supply line through pipe 201 into
the manifold 29 leading to the catalyst cham-
ber £9.

Carbon dioxide may react with methane ac-
cording to the following reaction:

CH:4-CO3-2C0-+2Hz.

When it is desired to make synthesis gas in
which the ratio of hydrogen to carbon monoxide
is less.than 2:1, water is removed from the sys--
tem. When operating in this manner, valve 202
is closed and the output from the oxidation
chamber 24 passes through pige 203 through con-
denser 204 to which cooling water is supplied
through pipe 205. 'The water condensed in con-
denser 204 is withdrawn through trapped pipe 206
and the carbon dioxide passes through pipe 207
into the manifold 29 for introduction into the
catalyst and regenerator chamber 19. In such
case, the tail gas from the synthesis step will
contain a considerable proportion of - carbon
monoxide since, in the synthesis step, the re-
spective gases are consumed approximately in
the ratio of 2:1. In such case, the tail gas will
be recycled to the oxidation chambers so that

" ecarbon monoxide can be converted to carbon di-

oxide without first being passed through the com-
bingtion catalyst chambers. If the tail gas con-
tains ‘a large proportion of carbon monoxide, it
may not be necessary to pass the output of the
oxidation chamber through the condenser to re-
move water, as the only water which need be re-
moved is that formed by the oxidation of hydro-
gen and, if the oxidation chamber operates
chiefly on carbon monoxide containing a small
percentage of hydrogen, the amount of water to
be removed will obviously be small.

It will be noted that the sum of the products
gives a mixture of carbon monoxide and hydro-
gen in the ratio of one part of carbon monoxide
to two parts of hydrogen, which mixture may
be empioyed in the synthesis step to produce
liquid hydrocarbons.

. The mixture of carbon dioxide and steam, to-
gether with the methane, will be synthesized in -
the catalyst chamber 19 and the synthesis gas
formed will leave the chamber 19 through pipe
34 and pass through the regenerator bed 21, it
being understood that valve 35 is open and valve
36 is partially opened as will hereinafter more
fully be pointed out. The syrthesis gas will be
partially cooled by giving up a portion of its
heat to the refractory bed 21 and will leave the
chamber 26 through pipe 37, valve 38 being open.
If desired, a portion of the synthesis gas may
by-pass the regenerator 26 through pipe 38’ by
opening valve 39. While catalyst chamber 19 is
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on the make cycle, valves 40 and 42 are closed
and valves 41 and 43 are open. The synthesis
gas may flow directly from pipe 37 through valve

-44 into pipe 45 to the synthesis chamber 46 in
which the synthesis gas is converted into useful

organic compounds by any suitable synthesis
process. The excess of synthesis gas formed
may pass through pipe 78 into a gas holder 71
whence it may be withdrawn by blower or com-
pressor 12, when desired for use, and pass

" through pipe 13 into. pipe 45. The synthesized

products are withdrawn from the synthesis

chamber 46 through pipe 47 and passed through -

a heat exchanger 48, through pipe 49, into a
separator 50 from whence the useful products
are withdrawn through pipe 5f. The unreacted
synthesis gas is removed from the separator 50
through pipe 52, whence it may flow to the at-
mosphere through valve 53 and pipe 54. If de-
sired, the unreacted synthesis gas may be re-
cycled to the catalyst chambers through pipe 55

by opening valve 56, it being understood that

when chamber 19 is on the make cycle, valve 51
is open and valve 31 is closed. If desired, the
unreacted tail gas may be recycled to theé oxida-
tion chambers by closing both valves 53 and 56
and opening valve 58, in which case, the tail
gases will flow through pipe 74. After the sys-
tem has been in operation for a while, nitrogen
will build up since a small. percentage of nitro-
gen is always present in the hydrocarbon. gas
being processed. This nitrogen will not react

and eventually will be built up in the system.

Too much nitrogen results in dilution of the
reactant gases and ensuing lowered efliciency.

The tail gas, when nitrogen concentration is.

high, may be vented. Nitrogen from the air

3

52 is passed through plpe 14 into pipe 1) along -
with the bled synthesis gas, it being understood
that valves 58 and 68 are open and valves 59 -
and 1§ are closed. The compressor 32 will pass

5 the products of oxidation through pipe 33 into

10

25

during the heating step, that is, during the re- -

generative cycle, will remain in the catalyst
chamber which has been subjected to heating.
The chambers may be purged of the nitrogen
by opening valves 130 and 101 for a short period
of time when the respective systems are first
put on the make cycle. The chambers may be
purged with steam if desired.

When coxidation chamber 24 is on the make
cycle, valve 59 is closed and valve 60 is open, so

~that the unreacted tail gas will pass into the

oxidation chamber through pipes 63 and 62,
along with a portion of the synthesis gas being
made, which will pass valve 36.

During the make cycle, a portion of the syn-

- thesis gas is bled from the pipe 34 through pipe

63 which is controlled by valve 36 and passes to

" the oxidation chamber through pipe 122 and

pipe 62, it being understood that valve 15 is open

. and valve 18 is closed. The synthesis gas will

react with the easily reducible higher metal
oxides, reducing them to lower metal oxides as
pointed out hereinabove, and the carbon dioxide

- and steam formed will leave the oxidation cham-

40 28 through pipe 102,

pipe 29 for passage to the catalyst chamber
along with the hydrocarbon gas being converted.
While catalyst chamber 19 is on the make
cycle, catalyst chamber 23 and oxidation cham-
ber 25 are on the regenerative cycle. Fuel gas
from fuel gas main 17 passes through pipe 18,
valve ‘19 being closed and valve 88 being open.
- At the same time, steam from steam supply
pipe 81 passes through heat exchanger 82 into

; mmanifold 83. Valve 84 is closed and valve 85 is

open so that the steam will pass through pipe
86 into the oxidation chamber 25.. The oxidation

. of the oxide ore mass within chamber 25 by
means of steam is an exothermic reaction at the
temperature of the operation so that the body
of metal oxide will rise in temperature during
the regenerative step to the desired temperature
between 1000° F. and 1500° F. The oxygen be-
ing removed from the steam in the manner
pointed out above, hydrogen will be released.
This hydrogen may be bled through pipe 87 which
is controlled by valve 88. By closing valve 88
and opening valve 89, the hydrogen formed will
‘pass into pipe 90 into which, pipe ‘18, carrying
the fuel gas, passes. The fuel gas alone or with
hydrogen will pass valve 81 and flow into mani-
fold 92, from which it passes through pipes 93,
94, and 95, leading to burners disposed about the
catalyst beds. Air is taken by ‘blower 96 and
passed through pipe 97 into pipe 98. Valves 99
and 10f are closed and valve 100 is open so that
the air will pass through the regenerator bed
within chamber 28, preheating the air.

‘The preheated air will leave the regenerator
it being understood that
valve 103 is open, and pass into the catalyst
chamber 23 to support the combustion of the
_fuel gas in order to reheat the catalyst beds and
regenerator beds within the chamber 23. The

<

45 gases of combustion will leave the chamber 23

through pipe 104. Blower 1085 is stopped and
valves 106 and 187 are closed.

~ Valve 108 is open and the gases of combustion
will pass through pipe {89 through heat ex-

50 changer 82, superheating the steam entering the

heat exchanger through pipe 81, and pass through
pipe 110 to the stack. The heating is conducted
until & temperature of about'2200° F. is reached.
During this time, the chamber (8 on the make

55 cycle will have cooled to about 1800° F. at which

ber through pipe 64, it being understood that -

' valve 86 is open and valve 65 is closed.

"When iron oxide is used as a catalyst in the

oxidation chambers, a desirable operating tem- 6

perature will be in the neighborhood of 1300° F.

" When oxides of other metals are used, these

temperatures may vary between 1000° F. and

- 1500° P. between which temperatures the oxida-

tion and reduction reactions may :take place.

‘When the system is being operated to produce
a synthesis gas of a ratio of hydrogen to carbon

" monoxide of less than 2:1, a portion of the tail

gas from the synthesis step, that is, the gas

time the catalyst chambers 19 and 23, together
with their respective oxidation chambers 24 and
25, are alternated. When this is accomplished,
the hydrocarbon gases to be converted will pass
o from manifold 11! through valve 197 and pipe
104 into catalyst chamber 28. The synthesis gas
_will leave the chamber 23 through pipe 102 and
pass through regenerator 28, it being understood
that valve 103 .will be open. Valve 98 may: be
5 opened, in whole or in part, to by-pass a portion
of the synthesis gases through pipe (12. When
chamber 23 is.on the make cycle, valves 40 and
42 will be open and valves 41 and 43 will be closed.
The synthesis gas will leave manifold 88 and pass

“7o to the gas holder or synthesis chamber as be-

fore. A portion of the synthesis gas will be bled
through valves 113 and 114 through line 115 and
line 1§ for oxidation in the oxidation chamber,
the products of oxidation being - withdrawn

withdrawn from the separator 38 throush pipe ™ through pipe 1) and passed by blower or com-~




http://ww. Pat ent Gopher.com

4 2,270,807

pressor 105 through pipe (17 into pipe 108 to
join the hydrocarbon gases passing through the

synthesis ‘chamber 23. )
_When' catalyst chamber 23 is being operated

‘to make synthesis gas in which the ratio of hy-

drogen-to carbon monoxide is less than 2:1; valve
210 in line {17 is closed and the output of the

~oxidation chamber 25 is passed through pipe 2{1
through a condenser 212 to which cooling water

is 'supplied ‘through pipe 213. The condensed
steam is removed from the condenser through
trapped pipe 214 and the carbon dioxide is passed
through pipe 215 to the manifold. 104 for intro-
duction into the catalyst chamber 23.

Tail gas from the separator 50 may pass
through pipe 14, valve 59 being opened, into
pipe 118 for passage into pipe 15 with a por-
tion of'the synthesis gases to the oxidation cham-
ber 25. If valve 58 is closed and valve 56 is
opened, valve 5T will also be closed and valve 31
opened to permit the tail gases to pass into pipe
104 through pipe 119. . The compressor or blower
96 will force air through pipe 120, since valve
40 is open and valve 43 is closed, through pipe
317, past valve 38, through regenerator 26, through
pipe 34 into the chamber 19 to furnish air of
combustion for fuel, which passes through pipe
121 and pipe 122 into the manifold 123 for pas-
sage through pipes 124, 125, and 126, it being
understood that valves 80, 15, 36, and 66 are closed
and valves 19 and (27 are open. The hot prod-
ucts of combustion will leave the chamber 19
through pipe 29, valves 18 and 57 being closed
and valves 30 and 128 being open, and pass
through pipe 129 into pipe (09 for passage
through the heat exchanger 82 and pipe 110 to
the stack, it being understood that valve 108 is
closed. : )

By way of example and not by way of limita-
tion, a plan capable of carrying out the process
of our invention in which 19,000,000 cubic feet of
natural gas per day was introduced into the ab-
sorber 2 was operated with the absorber at a
pressure of 400 pounds per square inch and at g
temperature of about 60° F. The natural gas
contained 700 grains of hydrogen sulphide per
100 cubic feet of gas. On passing through the
absorber 2, substantially all of the hydrogen sul-
phide was removed. The hydrogen sulphide
bearing solution left the scrubber under its own
bressure and was heated to about 185° F. in the
heat exchanger 5 and passed into the still 3.
About 210,000 cubic feet of hydrogen sulphide a
day was removed. ~About 50 gallons per minute
of the absorbing solution was introduced into
the absorber and about 3,000 pounds of steam
per hour were required for stripping.

Operating at a rate to produce a synthesis gas
having a ratio of two parts hydrogen to-one part
carbon monoxide by volume, approximately
35,000,000 cubic feet per day of gas are recycled
through = the oxidation chambers. About
55,000,000 cubic feet of synthesis gas ber day was
formed which, when passed to the liquid syn-
thesis step, produced’ approximately 1300 barrels

a day of hydrocarbon liquids comprising butane .

and heavier hydrocarbons..

During the regenerative cycle, about 69,000
pounds of steam per hour, preheated to a tem-
perature of about 860° F. are passed into, the
oxidation chambers.. This produces about
35,000,000 cubic .feet per day of a mixture of
hyt;lrbgen and steam. . These gases admixed with

abaut 2,400,000 cubic feet a day of natural gas are

b
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introduced into the catalyst chambers as fuel
being burned with the aid of about 75,700,000
cubic feet of air a day. This produces about
104,000,000 cubic feet of flue gas, the heat of
which is used to heat the incoming steam, the
flue gases leaving the stack at a temperature
of about 1200° P, - -

It will be observed that we have accomplished
the objects of our invention. We have provided
a method of making synthesis gas in which OXy-
gen is furnished by the reduction of easily re-
ducible metallic oxides. We have provided a
very convenieni and expeditious manner of form-
ing synthesis gases from light hydrocarbon gases
by the use of readily available raw materials,
namely hydrocarbon gases and steam. The ne-
cessity of an expensive oxygen plant or carbon
dioxide plant is avoided.

Our method is capable of very flexible opera-
tion to produce synthesis gas mixtures of any
desired ratio of carbon monoxide and hydrogen
between the ratios of three parts hydrogen to
one part carbon monoxide and equal parts of
carbon monoxide and hydrogen.

The by-product from the regenerative step of
the oxidation agent, that is the formation of
higher oxides from lower oxides by the use of
steam, is very pure hydrogen. This pure hydro-
gen is ideally suited for use in any type of
hydrogenation reaction and it would be com-
mercially feasible to operate our method near the
site of a hydrogenation plant so that the hydro-
gen may be usefully employed.. The hydrogen
may, if desired, be used for fuel. Our method of
synthesis gas manufacture is highly economical
and the use of alternate systems on respective
make and regenerative cycles renders the opera-
tion substantially continuous. . )

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 our claims. It is further
obvious that various changes may be made in
details within ‘the scope of our claims without de-
parting from 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. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in cat-
alytic contact zones, operated alternately on
blast and make cycles, in which ‘the blast cycle
comprises burning fuel with air to raise the tem-
perature of a catalytic contact zone to between
1800° F. and 2200° F. and the make cycle com-~
prises subjecting a mixture of a hydrocarbon gas,
steam and carbon dioxide to catalytic conversion
in a contact zone between the temperatures of '
2200° F. and 1800° F. in the presence of a cat-
alyst adapted to promote the formation of car-
bon monoxide and hydrogen from a mixture of
a hydrocarbon gas, steam, and carbon dioxide;
withdrawing a portion of the synthesis gas being
formed, oxidizing the withdrawn portion by con-
tacting an easily reducible metal oxide with the
same to form carbon dioxide and steam, and in-
troducing the carbon dioxide and steam into the
mixture passing into the contact zone in which
the synthesis gas is being formed. o

2. In a method of producing a synthesis gas

mixture of carbon monoxide and hydrogen in a
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cata]ytic contact zone in which a mixture of
hydrocarbon gas, steam and carbon dxox1de is
converted into synthesis gas.in the presence of a
nickel catalyst between temperatures of 1800° F
and 2200° F., the step of bleeding a portion of the
synthesis gas mixture, subjecting the bled por-
tion to oxidation by means of an easily reducible
metal oxide to form carbon dioxide and steam,
and introducing the carbon dioxide and steam

to the catalytic zone as the carbon dioxide and

steam used during the conversion step.

3. In a method of producing a synthesis gas
mixture of carbon monoxide and hydrogen in
which a mixture of a hydrocarbon gas, carbon
a catalyst
adapted to promote the formation of carbon
monoxide and hydrogen from a mixture of a
hydrocarbon gas, steam. and carbon dioxide at

s

temperatures between 1800° F. and 2200° F., the "

step of producing the carbon dioxide and steam :

employed by withdrawing a portion of the syn-
thesis gas produced in the catalytic zone and
contacting it with an easily reducible meta]l oxide.

4. A method of producing a synthesis gas mix-
ture of carbon monoxide and . hydrogen in cata-

Iytic contact zones operated alternately on blast.

and make cycles in which the blast cycle com-
prises burning fuel with air to raise the tem-
perature of a catalytic contact zone to between

1800° F. and 2200° F'., and the make ‘cycle com- °

prises- subjecting a mixture of a hydrocarbon

. ga8, steam and carbon dioxide to catalytic con-

version in a contact zone between the tempera-
tures of 2200° F. and 1800° F. in the presence of

a catalyst adapted to promote the formation of

carbon monoxide and hydrogen from a mixture
of & hydrocarbon gas, steam and carbon dioxide,
oxidizing g portion of the synthesis gas formed
by contacting it with an easily’ reducible metal
oxide in order to form carbon dioxide and steam,

the presence of a catalyst adapte‘d.to provmote
the formation of carbon monoxide and hydrogen
from a mixture of a hydrocarbon gas, steam and

earbon dioxide, withdrawing a portion of the
..Synthesis gas formed in the catalytic contact

zone, oxidizing the withdrawn gas by means of
an easily reducible metal oxide between the tem-
peratures in the vicinity of 1500° F. and 1300° F

‘to form carbon dioxide and steam, passihg the

carbon dioxide and steam to the catalytic con-
tact zone as the carbon dioxide and stéam em-
ployed in the process.

6. A method as in claim 5 in which the spent
easily. reducible metal oxide is oxidized with
steam during the blast cycle to reform. a metal
oxide and hydrogen:

7. A 'method as in claim 5 in which the spent

5.

P

easily reducible metal oxide is oxidized with'

steam during the blast cycle to reform a metal

oxide and hydrogen, and the hydrogen is burned .

to heat the catalytic contact zone to tempera-
tures between 1800° F. and 2200° F
8. A method of producing a synthesis gas mix-

ture of carbon monoxide and hydrogen in cata- -

lytic contact zones operated alternately on blast
and make cycles, in which the blast cycle com-
prises burning stable fuel with air to raise the
temperature of the contact zone to between
1500° F. and 2500° F. and the make cycle com-
prises subjecting a mixture of hydrocarbon gas,

. steam and carbon dioxide to catalytic conversion

40

and passing the carbon dioxide and steam formed -

into the catalytic contact zone.

.5. A method of producing a synthesis gas mix-
ture of carbon monoxide and hydrogen in cata-
lytic contaet zones operated alternately on blast
and make cycles In which the blast cycle com-
prises burning suitable fue] with air to raise
the temperature of the contact zone to between

1800° F. to-2200° F., and the mske cycle com-
prises subjecting a mixture of hydrocarbon gas, ~

steam and carbon dioxide to catalytic conversion
at temperatures between 2200° F, and 1800° F. in

at temperatures between 2500° F. and 1500° F

in the presence of a catalyst adapted to promote
the formation of carbon monoxide and hydrogen
from a hydrocarbon gas-steam-carbon dioxide
mixture, withdrawing a portion of the synthesis
gas formed-in the catalytic contact zone, oxidiz-
ing the withdrawn gas by means of an easily
reducible metal oxide between temperatures in
the vieinity’'of 1500° F. and 1300° F. to form car;

bon dioxide and steam, passing the carbon diox-

ide and steam to the catalytic .contact zone as
the carbon dioxide and steam employed in the
process, oxidizing the spent, easily reducible
metal oxide with steam during the blast cycle

to reform & metal oxide and hydrogen, and burn.’

ing. the hydrogen to heat the catalytic contact

zone,
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