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My present invention relates to improvement
in the preparation of hydrocarbon synthesis feed
gas, water gas, and other mixtures of carbon
monoxide and hydrogen.

During recent years the petroleum and re-
lated industries have given a great deal of at-
tention to the possibility of producing or manu-
facturing gasoline and other hydrocarbon oils,
waxes, ete., synthetically, from hydrogen and
carbon monoxide. One type of hydrocarbon syn-
thesis using carbon monoxide and hydrogen as
feed gas is the Fischer-Tropsch process. Ac-
cording to this process, carbon monoxide and hy-
drogen are caused to react at elevated tempera-
tures in the presence of a cobalt catalyst, where-
upon paraffinic hydrocarbons were formed. Sub-
sequently, it was discovered that a specially pre-
pared iron was a suitable catalyst and that op-
erating it at somewhat higher temperatures and
at molecular ratios of about 1/1, of hydrogen to
carbon monoxide in the synthesis gas, a liquid
product could be obtained which was of fairly
high octane rating. At the present time, a great
deal of research is being conducted directed to-
ward developing processes in which liquid hy-
drocarbons may be synthesized from carbon mon-
oxide and hydrogen in a process in which the
catalyst, that is, the cobalt or the iron is sus-
pended in the reactants to form a dense suspen-
sion of the powdered catalyst in the gasiform re-
actants. It appears abt the present time that
the most suitable catalyst for that process is one
which contains iron as the essential ingredient,
and it further appears that the most suitable
ratio of hydrogen to carbon monoxide in the gas
fed to the synthesis operation is one which con-
tains about one mol of hydrogen per mol of CO,
for such mol ratios lead to the production of
liquid hydrocarbons of good anti-detonation
qualities, which liquid hydrocarbons are further
characterized by the desirable attribute that
they are substantially free from oxygenated hy-
drocarbon compounds.

One of the problems, of course, in hydrocar-
bon synthesis is that of producing economically
and efficiently, a suitable synthesis gas, and my
present invention relates to improvements in
such synthesis gas production. Speaking gen-
erally at first, I wish to set forth that the gist

of my invention resides in the concept of produc- °

ing substantially 1/1 molal ratio of hydrogen
and carbon monoxide by reacting a methane
gas or a gas consisting predominantly of meth-
ane, with carbon dioxide, in the presence of a
specially prepared catalyst, comprising essential-
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ly metallic copper carried on activated carbon.
The main object of my invention, therefore, is
to provide an efficient economical and otherwise
satisfactory process for producing substantially
equi-molecular proportions of hydrogen and car-
bon monoxide from a methane-containing gas
and carbon dioxide.

A more specific object of my present inven-
tion is to produce a synthesis gas for hydro-
carbon synthesis in the proper proportions for
use in the Fisher synthesis, in which synthesis
the active component of the catalyst is metallic
iron.

Other and further objects of my invention will
appear hereinafter. - :

One of the most important features of my in-
vention involves the preparation of a catalyst
for carrying out the “reformation” of the meth-
ane, that is to say, the conversion of methane
to CO and hydrogen by treatment with carbon
dioxide.-. In preparing this catalyst, I proceed
as follows:

Preparation of copper-carbon catalyst

28 A suitable quantity of activated carbon of about
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4 mesh is placed in a vessel fitted with a means
for introducing liquid, and a connection to a
vacuum pump. The carbon is heated to 300° to
600° F. for several hours during which time a
vacuum is maintained in the vessel. Following
this activation and degassing period, the car-
bon is allowed to cool to a temperature of about
200 F. or lower, the vacuum still being main-
tained, and enough hot saturated copper nitrate
solution is added so that all the carbon be-
comes immersed in the solution. Air is then ad-
mitted, and the carbon remains immersed in the
copper solution for an hour. The carbon is re-
moved from the vessel and the excess nitrate]
solution is drained from it, and it is then heated’
slowly to about 400° C. to drive off nitrous fumes. |
Evolution of fumes begins as low as about 140°
C., and heating should be continued at such
a rate that evolution of gas is not too rapid.
When the last of the nitrate has been decom-
posed, the residual nitrous fumes are displaced
with air or nitrogen (to avoid the forrhation of
possible explosive mixtures of hydrogen and
nitrogen oxides), and hydrogen is then passed in
to reduce the copper oxide. This latter step
may be conveniently performed at 400° C. also,
although the reduction temperature is not criti-
cal. At this temperature, absorption of hydro-
gen is rapid, and the complete reduction of the
CuO can be effected in relatively short time.
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This prpcedure ylelds a copper-on-activated-

carbon catalyst of bulk density about 0.52
gm./ml. which confains about 10 to 15 weight
per cent of copper depending upon the concen-
tration of the copper nitrate solution, and upon
the temperature of impregnation. The copper
is present in a very finely divided state, and in
this form, has been found to be particularly
suitable for catalytic use.

Salts other than the nitrate can be used, for
example, copper formate, copper ammonium
hydroxide, copper acetate, and copper sulfate.
The nitrate is generally preferred, however, as
it 1s one of the most soluble copper salts, thus
giving a higher concentration of copper on the
catalyst, and also it is easily decomposed to the
oxide and thence to the free metal. Copper sul-
fate, for example, requires heating to about 650°
C. (1202° F.) to form copper oxide.

In order to test the effectiveness of my cata-
lyst I carried out the reformation of the gas
which contained approzimately one part of CO;
to one part of methane and I set forth below 2
tabulated form showing the operating conditions
and the product analysis:

Carbon diozide reforming of methane-

[Copper on activated carbon eatalyos)

Run No. A B C

Cu-C
1,280

67

Cu-C
3,380

nons

[87:31: V| S
A 3, 400

Temperature, °F____ __._._____.._

Pressure, atmospheric.

Teod Rate, v./v./br. ...

Feed Gas Composition, vol. per
cant:

Carbon Dioxide. ...co.oo._..
Product Gas Ansalysis, vol. per- g

ceng:
Carbon Dioxids

Relative Volume, Prod./Feed._ ...

In the information seb forth above, I have
found that the same msy proceed ab somewhsai
lower temperastures bué the optimum tempers-
ture is somewhere between G00° and 800° C. and
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preferably does not exceed 1350° F. The pres-
sure may be atmospheric, superatmospheric or
below atmospheric, and the feed rate may vary
considerably. The operation is best carried on
in a tubular “reformer” furnace, i. e., a well known
furnace containing fired tubes in which the cata-
lyst is disposed in the tubes and heat supplied in
the spaces surrounding the tubes. The reaction
is, of course, endothermic and heat must be added
to the reforming furnace, ususally by burning a
gas. .

~ Having disclosed the nature and purpose of my
invention in the best mode in which it can be
performed, what I claim is:

1. A method of reforming a gas consisting es-
sentially of methane, which comprises contacting
saild methane with a gas consisting essentially of
CO:2 in the presence of a catalyst comprising cop-
per carried on activated carbon at elevated tem-
peratures not exceeding 1360° F. for a sufficient
period of time to effect conversion of the react-
ants into a gaseous mixture containing hydrogen
and substantial amounts of carbon monoxide in
proportions suitable for the catalytic synthesis of
hydrocarbons, and recovering these materials
from the reaction.

2. The method claimed in elaim 1 in which car-
bon dicxide and methane are fed into the reaction
in about equal molecular proportion and in which
the product contains about equal moles of carbon
monoxide and hydrogen.

EBRUCE G. GILLESPIE.
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