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This invention relates to the manufacture of
organic compounds and is more particularly con-
" cerned with the production of valuable hydrocar-
bons by reacting carbon monoxide and hydrogen.
The reaction hetween carbon monoxide and hy-
" drogen can be carried out so as to yield oxygen-
ated organic compounds or hydrocarbons as the
main products according to the catalysts em-
ployed. Whereas, however, the production of
oxygenated compounds is usually effected with
the aid of high pressures, valuable hydrocarbons
can be obtained at normal atmospheric pressure,
but the reaction in this case is one which is char-
acterised by an extreme sensitivity to tempera-
ture and, in general, it is necessary, in order to
produce any desired product, to hold the temper-
ature constant within about 5° C., variations of
more than this, and especially more than 10° C.
producing serious effects upon the yields and na-
ture of the products. Since the reaction is
strongly exothermic the maintenance of the
necessary rigid control of the temperature is a
matter of extreme difficulty, and this is aggra-
vated by the fact that for the production of the
most valuable hydrocarbons, especlally normally
liquid hydrocarbons, which can be obtained by
the process, the best temperatures to use with an
active catalyst, e. g., cobalt, are below 200° C.,
for Instance temperatures of the order of 180-
200° C,

The use in the reaction zone of efficient heat
transfer means, for instance tubes passing
through the body of the apparatus and used for
the circulation of a cooling liquid, while assist-
ing in the maintenance of uniformity of reaction
temperature, is not of itself sufficient to enable
that degree of temperature control which s es-
sential for attaining the most valuable results
obtainable from the process.

According {0 the present invention the catalyst
used in the process is employed upon a carrier
or support which may be of relatively inert nature
and the ratio of catalyst to carrier is less than
1:10, and is preferably much lower than this,
for instance 1:20 to 1:30. A higher proportion of
eatalyst upon the carrier, for instance 1:5, while
permitting the use of higher throughputs with a
given apparatus and still effecting a considerable
ménimisation in temperature fluctuations, never-
theless permits small temperature fluctuations
which are avoided by the use of the lower ratios
indjeated, above with considerable benefit to the
results obtained in the process.

The catalyst used depends naturally upon the
products desired but, In general, the use of a co-

.balt or nickel catalyst, preferably activated by
the addition of thoria or of another metal oxide,
such as alumina, magnesia or zine oxide, leads to

* the most satisfactory results with the low tem-
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perature range indicated, especially when traces
of copper are present,

The cerrier upon which the catalyst is depos-
ited may be substantially inert, e. g.. pumice,
kieselguhr or ashestos, or may have g somewhat
higher surface development as is the case with
silica gel or charcoal. ‘The c¢atalyst may be ap-
plied to the carrier by moistening or impregnat-
ing the carrier with a solution of salts of the cat-
alytic metals which are decomposed by heat to
their oxides, e. g., nitrates, drying, heating and
reducing the impregnated product. It is pre-
ferred to carry out the decomposition of the ni-

~ trates or other salts and also the subsequent re-
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duction at as low a temperature as possible.

As previously indicated, the process is one
which can be carried out at normal atmospheric
pressure and, if desired, an even lower pressure,
e. g., Y2 or ¥4 of an atmosphere may be employed.
If desired, the partial pressure of the reactants
may be reduced by using & diluent gas, e, g., ni-
trogen, carbon dioxide, steam or’ methane, or
other hydro-carbon gases or vapours. Where it
is desired to use a hydrocarbon as dlluent this
hydrocarbon may be 8 product of an eavlier stage
or operation involving the reaction of carbon
monoxide and hydrogen. The quantity of dilu-
ent used may, in general, be equal to about the
volume of the carbon monoxide and hydrogen
mixture, although larger quantities of diluent,
e. g., up to 5 or 10 parts by volume for each part
of reactant mixture, may be employed if desired.
In connection with the reaction mixture em-
ployed, it may be pointed out that it is desirable
to use a reacticn mixture containing consider-
ably more hydrogen than carbon monoxide, a
mixture coniaining 2 volumes of hydrogen for
each volume of carbon monoxide being especially
suitable.

It is advantagecus to employ & relatively high
rate of gas flow without, however, unduly de-
creasing the time of contact between the gas and
catalyst. For example, the catalyst may be so
disposed that the gas has to traverse a rela-
tively long path in contact therewith. Por in-
stance a catalysi mass, comprising the catalyst
deposited on its carrier, may be disposed in tubes
or the like of relatively small cross-section so
that the desired volume of catalyst mass oceu-
ples a considerable length of the tubes. Alter-
natively the catalyst mass can be arranged in
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wider tubes or other apparatus, & considerable
proportion of the interlor volume of which is
tpken up by cooling tubes, preferably running
16ngitudinally. On the other hand, the appa-
ratus may contain means, such as baffles or the
like, for ensuring that the gases travel along
a relatively long path in contact with the cat-
alyst mass. ’

It desired the gas mixture may be subjected
repeatedly to the reaction conditions either by
passing it through & number of reaction zones or
py recycling it through s single reaction zone.
Between the successive passages or between suc-
cessive cyeles in a recycling process normally
liquid hydrocarbons may be condensed out of
the gas mixture. If desired, a certain propor-
tionn of such normally liquid hydrocarbons mey
be allowed to remain in the gas mixture or may
be returned thereto to mtt as diluent. When a
recycling or other repeated process is employed,
it 1s advisable to keep the initial content of dif-
flcultly removable diluents, e. g. nitrogen, as low
as possible, since otherwise they tend to attain
an undesirably high concentration,

The following example illustrates the process
of the invention: .

Example

A catalyst meass is prepared as follows: 10
parts by welght of metallic cobalt and 1 part of
copper are dissolved in slightly more than the
theoretical quantity of 50% nitric acld, after
which 2.5 parts of thorium nitrate

Th(NQ3)s.12Hi0
ara added to the solutlon which Is then diluted
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sufclently to form & thin cream when 225 parts
of kieselguhr are added, To the well stirred
cream thus formed there is added sufficient sodi-
um carbonate to precipitate the catalyst metals
present in the form of their carbonates, the pre-
cipitate with the kieselguhr being filtered, washed
free from nitrate and pelleted.

The pellets are reduced In & current of hy-
drogen at 300°-350° C. and then charged into a
reaction vessel fitted with cooling tubes, the
transfer from reduction chamber to reaction ves-
se] belng performed In an inert atmosphere, e. g.
carbon dloxide. The reaction vessel is raised to
& temperature of 195° C. and a current of carbon
monoxide and hydrogen in the proportions of
1:2 is pessed through. Liquid aliphatic hydro-
carbons are condensed from the issuing gases
which, after the addition of fresh carbon mon-
oxide and hydrogen, are recirculated over the
catalyst.

Having described my invention, what I de-
sire to secure by Letters Patent is:

Process for the production of aliphatie hydro-
carbons, which comprises subjecting carbon mon-
oxide and hydrogen in a proportion of 1to 2 to
reaction in the presence of a catalyst, compris-
ing cobalt together with minor proportions of
thoria and copper, supported on kieselguhr a
carrier under a pressure not substantially above
atmospheric and at a temperature of 195° C,, the
amount of kleselguhr employed being equal to
20 to 30 times the welght of the catalytically ac-
tive mnaterial carrled thereon,

HENRY DREYFUS.






