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5 Claims.

My invention relates to a methodand apparatus
for forming synthesis gas and more particularly
to a method of converting a mixture of methane
and carbon dioxide or methane and water vapor
to mixtures of carbon monoxide and hydrogen
suitable for use in various processes of synthesiz-
ing organic compounds.

A mixture of carbon monoxide and hydrogen
may be made from natural gas (methane) and
carbon dioxide, according to the following reac-
tion:

10

CH¢+CO2~>2C0--2H2—z calories

The above reaction takes place in the presence

16 of a catalyst at temperatures between 1500° .

and 2000° F. This reaction may be used with g
similar reaction where steam is used:

CH:+H20-CO-+-3Ha

20 The advantage of the two reactions over either
" when used alone is obvious since only by a.com-
bination of the two reactions can the optimum
ratio of carbon monoxide (CO) to hydrogen (1:2)

be obtained directly from natural gas:

3CH:+2H20+4C0O2~4C0O+8Hs

The catalyst usually employed for this purpose
consists of nickel deposited upon some tempera-
ture-resistant support. This catalyst serves quite

86 well for the conversion of gases substantially free
of sulphur or its compounds. When, however, it
is used in connection with gases containing sul-
phur or its compounds, nickel sulphide is formed
by the interaction of the sulphur present with the

38 nickel in the catalyst. At the temperatures used
in the conversion of methane and carbon dioxide
into hydrogen and carbon monoxide, that is in
the neighborhood of 1700° F., the nickel sulphide
is molten since it melts at about 1470° F. The

40 molten nickel sulphide tends to flow in the direc-
tion of the flow of the gas stream. It will be
obvious that this is highly undesirable for not
only does it remove the nickel catalyst from the
support in the first part of the reaction vessel, but

45 the molten nickel sulphide tends to react with
fresh nickel as it flows along the reaction vessel
forming solid nickel subsulphide in accordance
with the following reaction:

NiS}-Ni-NizS
The solid nickel sulphide plugs the reaction
vessel in a short time so that the flow of gases is
impeded or stopped entirely.
When the reaction vessel is not completely
85 blocked but will still allow the passage of small

28

(CL 23—5)

amounts of gases, the nickel subsulphide may be
oxidized with oxygen of the air to nickel oxide
and sulphur dioxide. This oxidation process,
however, is very slow due to the time required for
the burning through of the large aggregates of 8
nickel subsulphide. Then, too, there is & further
disadvantage in that the nickel oxide formed is
in the form of very fine particles which sift to
the bottom of the reaction vessel. This not only
results in very poor distribution of the nickel cat. ¥
alyst but the fine powder offers such resistance to
the flow of gases that the nickel powder is net

of service for the conversion reaction. In time,
the fine powder will build up, sufficiently to stop
the flow of gases and necessitate a shut down of 15
thé process. :

The formation of nickel sulphide takes place
largely in the first part of the reaction chamber
since it is only in this portion of the reaction
chamber that the incoming gases contain sulphur 20
or its compounds, that is, such sulphur as is pres-
ent will be removed from the gas upon its first
contact with the nickel, As time goes on, the sul-
phide formation gradually progresses through the

_reaction vessel, the extent of the progress, of 26

course, being determined by the rate of flow of
the gases, the total sulphur content of the gases,
and the time of operation before the reaction
vessel becomes clogged. It is possible to calculate
for specific conditions the extent to which, the
sulphide formation has taken place. These cal-
culations may be verified by experiment, '

One object of my invention is to provide g
method of converting mixtures of carbon dioxide
and methane or water gas and methane into syn-
thesis gas mixtures containing carbon monoxide
and hydrogen in a continuous manner irrespec-
tive of the presence of sulphur or its compounds
in the incoming gases.

Another object of my invention is to provide a
novel synthesis chamber for the formation of
synthesis gas from mixtures of methane and car-
bon dioxide, or methane and water vapor,

Other and further objects of my invention will
appear from the following description: .

In the accompanying drawing which forms part
of the instant specification and are to be read
in conjunction therewith and in which like refer-
ence numerals are used to indicate like parts in
the various views; - 80

Figure 1 is an elevation, with parts in section, -
of a regenerator and catalyst chamber capable of
carrying out the method of my invention.

Figure 2 is a sectional view taken on a line 2—2

_of Figure 1. .
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Cobalt is a very similar metal to nickel in its
ability to promote the conversion of methane and
carbon dioxide into hydrogen and carbon monox-
ide. It has the sdvantage over nickel in that co-
balt sulphide will remain solid at the tempers-
tures of the conversion, that is around 1700° F.
since its melting point is above 2000° F. Cobalt,
however, is much more expensive than nickel.

In sccordance with the instant invention, I
employ cobalt deposited upon & suitable support
in the forepart of the reaction vessel, that is that
part of the reaction vessel in which the incoming
geses are first converted while employing nickel
upon & suitable support in the afier part or re-
mainder of the reaction vessel. 'This has proved
to be a very efficacious arrangement for cataiysts
and does away entirely with the loss of metal
from the support. No plugging of the reacticn
vessel takes place and the durstion of the oper-
ating cycle is very appreciably increased.

In the practice of the invention it is cecn-
templated that metals such as iron, molybdenum,
or any other metals with sviphides of & sufficient-
iy high melting point and giving similar results,
may be used in plece of cobalt.

I have found that it is adventageous to operate
upon the conversion part of the cycle until sub-
stantially all of the cobalt has been converted
into sulphide and before any appreciable amount
of nickel has been converted into sulphide. When

‘this point of the operation is reached, I stop the
conversion cycle and pass in oxygen, together

with fiue gas, until all the cobalt sulphide which
has been formed in the conversion part of the
cycle has been burned to cobalt oxide and sulphur
dioxide. The sulphur, of course, is thus removed
from the system in the form of gaseous sulphur

-dioxide, leaving the cobalt oxide behind. Like-

wise, any carbon which may have been deposited
upon the catalyst will be removed as oxides of
carbon. The metal oxides are then reduced to the
metal by the reducing methane contained in the
gases to be converted. If desired, I may reduce
the ccbalt oxide by means of hydrogen before ad-
mitting the mixture of carbon dioxide and
methane.

All of the above operations may be readily car-
ried out at temperatures varying between 1200°
and 2000° F., a temperature of around 1700° F.
being preferred for the conversion psrt of the
cycle,

From the foregoing, the operation of my meth-
od will be clear to those skilled in the art. It will
be understood that the thickness of the initial
cobalt bed will depend upon many factors, chiefiy
upon the amount of sulphur or its compounds in
the incoming gas. The make cycle or the con-
version portion of the run can be continued
only until the temperature of the reaction cham-
ber drops below an eifficient conversion temper—
ature say about 1500° F. The thickness of the
cobalt bed should be such that for the length
of time the process is on the conversion cycle,
the sulphide formation will not progress past
the cobalt layer to the nickel layer. The gas
supply for any given instsilation will pnot vary
widely in total sulphur content. From the total
sulphur in the gas and the rate at which the gas
is required for use, the minimum fraction of
the totel conversion catalyst which must be co-
balt, can be readily calculated. An additional
quantity of cobalt may be used as a factor of
safety if desired.

Referring now to Flgure 1, & cylindrical steel
shell | may be formed in aay suitable menner

2,220,849

and mounted upon a sultable foundation 2. The
interior of the steel shell is lined with a refrac-
tory material such as firebrick 8 and is provided
with & floor 16 of refractory material. A plu-
rality of walls & are housed within the casing §
and support arches 8, 8, {0, ¢4, 12, and {3, as
can readily be seen by reference to Figure 1.
The walls are provided with interstices or pas-

sages 14, which permit horizontal flow of the’

gases. The arches 8, §, 10, {f and {3 are made
of refractory matter such as fire brick and are
provided with interstices 6 permitting vertical
flow of the gases therethrough. The arches {2
are likewise made of refractory material and are
refractory.

A flue {8 of refractory material provides com-
munication between the spaces within the cham-
ber on opposite sides of the imperforate arches
f2. A mass of refractory material such as
crushed firebrick {7 is supported upon arches 3
and & mass of crushed firebrick forming 2 re-
fractory layer i8 is supporfed upon arches I8,
the flue {8 extending through this last mass of
crushed firebrick.

The arches § support a layer of cobalt cata-
lyst 20 comprising cobalt deposited upon a re-
fractory support of any suitable character such
as silica or the like. The thickness of this layer
has been calculated as pointed out above. Layers
2! and 22 comprise nickel catalysts deposited
upon suitable refractory supports.

Extending into the housing { above the im-
perforate floor formed by arches {2, is a duct
27 formed of refractory material. Extending
into the interior of the chamber & adjacent the
lower portion thereof is a duct 28 made of re-
fractory material. Manifolds 23 are provided
with pipes 24 extending into the chamber at a
plurality of places therein.

In operation, air is:introduced through duct
27 flowing upwardly through the interstices of
arches 18 through the bed of refractory mate-
rial 18, downwardly through filue 19 from which
it is disseminated through catalyst masses 22, 2{
and 28, flowing downwardly therethrough. Fuel
gas is introduced into manifolds 23 for combus-
tion, through the catalyst masses, the air being
supplied through duct 27 for supporting the
combustion. The hot gases of combustion pass
downwardly through the catalyst mass 22, 2§ and
28, and thence through refractory mass {7 and
out through duct 27. The construction of the
fuel inlets 24 is such that the fuel is disseminated
through the catalyst masses preventing local
overheating. The entire mass is then heated to
the desired temperature in the vicinity of 1700°
F.

It will be noted.that the incoming air passes
through the uppermost refractory mass 18, thus
cooling this mass and being itself heated before
combining with the fuel gas for combustion.
The combustion gases pass outwardly in con-

tact with refractory mass i1, thus storing the

heat therein.

During the make cycle, & mixture of carbon
dioxide and methane is introduced through duct
28. The mixture will flow through the hot re-
fractory bed 17 and be brought to the reaction
temperature. Heat for the reaction is also fur-
nished from the heated catalyst masses 28, 2{
and 22. The hot synthesis gas, after being
formed, passes upwardly through flue 8 and
downwardly through refractory mass 8. Re-
fractory mass §8 will thus become heated and
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the freshly heated synthesis gas will be cooled
and flow upwardly through duct 21. :

- It will be observed that the sulphur and sul-
phur containing compounds present in the gases
being charged will first contact the cobalt or
other metallic layer of catalyst so that the gases
contacting the upper and subsequent nickel cata~-
lyst layers will be substantially desulphurized.

A typical example of an operation with a con-
verter of this character will be given for pur-
poses of illustration and not by way of limita-
tion. The catalyst chamber contained about
1638 cubic feet of catalyst material, consisting of
nickel and cobalt deposited on refractory mate-
rial in & concentration of 3.3 pounds of metal per
cubic foot of refractory. The regenerator was
operated on 7-minute cycles, of which 3.5 min-
utes were spent during synthesis gas make and
3.5 minutes in the blasting portion of the cycle.
Such a chamber could produce about 15,000,000
cubic feet of synthesis gas per day from approx-
imately 5,000,000 cubic feet of natural gas. When
the natural gas contained 100 grains of sulphur
per 100 cubic feet, it would be necessary to re-
move about 3.5 pounds of sulphur per cycle.
Theoretically this would require only 6:5 pounds
of cobalt, but actually, due to the difficulty of
contacting the relatively small amount of sul-
phur in the large amounts of gas with the
cobalt, much more cobalt has been found neces-
sary. In this example, the catalyst was dis-
tributed in three layers, two upper layers of
nickel contact containing the bulk of the cata-
lyst mass and a lower layer of cobalt contact
containing 500 pounds of cobalt. These arrange-
ments and quantities were found to be very efii-
cacious, and the synthesis gas thus produced
contained sulphur in such small amounts that
it could be passed to the synthesis step without
further purification. : )

It will be observed that I have accomplished the
objects of my invention. I have provided a
method of forming synthesis gas and apparatus
therefor which will prevent displacement of the
catalyst by the presence of sulphur and sulphur
containing compounds in the incoming charge.

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 ob-
vious that various changes may be made in details
within the scope of my claims without departing
from the spirit of my invention. Tt is, therefore,

to be understood that my invention is not to be -

limited to the specific details shown and de-
scribed. .
Having thus described my invention, I claim:
1. A method of converting methane and car-
bon dioxide into hydrogen and carbon monoxide
including the steps of flowing a mixture of meth-
ane and carbon dioxide through a conversion
zone and there contacting the gaseous mixture
at a temperature in the vicinity of 1700° F., first
with a cobalt catalyst and then with a nickel’
catalyst, both catalysts promoting the forma-

" tion of hydrogen and carbon monoxide, and the

70

cobalt catalyst contacting step being of sufficient

" duration to substantially remove sulphur and

sulphur containing compounds from the incom-
ing.gases. '

2. A method of converting methane and carbon
dioxide into hydrogen and carbon monoxide in-

3

cluding the steps of flowing a mixture of methane -

and carbon dioxide through .a conversion zone

-and there contacting the gaseous mixture at a

temperature in the vicinity of 1700° F., first with
& catalytic metal capable of reacting with the
sulphur compounds in the gases to form a metallic
sulphide having a melting point higher than the
temperature of the gaseous mixture, and then
with a nickel catalyst, both catalysts promoting
the formation of hydrogen and carbon monoxide,
and the sulphur removal catalyst contacting step
being of sufficlent duration to substantially re-
move sulphur and sulphur containing compounds
irom the incoming gas.

3. A method of converting methane, carbon di-
oxide and steam into hydrogen and carbon mon-
oxide including the steps of flowing a mixture
of methane and carbon dioxide through & con-
version zone and there contacting the gaseous
mixture at a temperature in the vicinity of 1700°
F., first with a cobalt catalyst having an afiinity
for the sulphur compounds in the gases, and then
with a nickel catalyst, both catalysts promoting

. the formation of hydrogen and carbon monoxide,

and the cobalt catalyst contacting step being of
sufficient duration to substantially remove sul-
phur and sulphur containing compounds from
the incoming gas. :

4. A method of converting a sulphur-bearing
mixture of methane and at least one gas selected
from the group consisting of carbon dioxide ang
steam into hydrogen and carbon monoxide in-
cluding the steps of passing the mixture at g
temperature of about 1700° F. first into contact
with a cobalt catalyst and then with a nickel
catalyst, whereby substantially all the sulphur in
the mixture combines with the cobalt catalyst to
form cobalt sulphide and the desired conversion is
brought about by the action of both catalysts, dis-
continuing the passage of the mixture into con-

tact with the catalyst before all the cobalt has’

combined with sulphur and reacting the cobalt
sulphide with an oxidizing gas to produce cobalt
oxide and sulphun oxide, reacting the cobalt
oxide with a reducing gas to reform metallic
cobalt, resuming the passage of the mixture into
contact with the catalysts, and continuously re-
peating said cycle of steps.

5. In a process for the conversion of a sulphur-
containing gaseous mixture comprising methane
and at least one gas selected from the group con-
sisting of carbon dioxide and steam in the
presence of a contact mass-including a nickel
catalyst into a synthesis gas comprising hydrogen
and carbon monoxide, by s procedure involving a.
heat-regenerative cycle wherein the contact mass
is heated to an elevated temperature lying within
the upper part of the temperature range suitable
for the reaction and a conversion cycle wherein
a sufficient quantity of said gaseous mixture is
converted by passing it over the contact mass to
lower the temperature of the contact mass to a
degree insufficient for the required conversion,
the improvement which-consists in passing said
gaseous mixture in thé conversion cycle initially
through & cobalt catalyst containing cobalt in an
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amount sufficlent to combine with substantially

all the sulphur present in the quantity of gas
passed over the contact mass during the con-
version cycle. . ’

S EARL W. RIBLETT.
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