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This invention relates to improvements

“in the manufacture and production of hydro-

carbons by treating oxids of carbon with hy-
drogen or gases rich in hydrogen. -

It is already known that various hydro-
carbons and other organic compounds can be
obtained by treating oxids of carbon with
hydrogen, or gases rich in hydrogen such as
methane, at an elevated temperature and
under suitable pressures, in the presence of
catalysts. A large number of catalysts have
already been proposed, especially activated
iron, nickel and cobalt. It is already known
that it is advantageous, according to the said
process, to add alkalies to the catalysts.

We have now found that, in order to obtain,
according to the said process, continuous
high yields of hydrocarbons with more than
one carbon atom, especially liquid hydrocar-
bons, it is a matter of decisive importance
that the catalysts employed should contain,
in addition to a metal of group 8 of the pe-
riodic system, in particular a metal of the
iron group, a definite quantity of alkali com-
pounds, namely less than about 0.6, and pref-
erably between 0.4 and 0.6 part by weight
of alkali, reckoned as alkali metal, per 100
parts by weight of the metal of the 8th group
of the periodic system. In order to obtain
good yields, it is also essential that the metal
should be employed in a finely divided state
and not in compact metallic form. -

The catalysts may be prepared in a great
variety of ways. Ferric oxid, which is com-
pletely free from alkali, precipitated, for
example, with ammonia, may be employed,
the suitable amount of an alkali compound
being subsequently added. Again, metals of
group 8 may be precipitated by alkalies, and
the precipitates, washed until the requisite

roportion of alkali is contained therein.
Eloreover, the very finely divided metals,
obtained for example by decomposing metal
carbonyls, may be activated with suitable
amounts of dilute solutions of alkali com-

pounds. The metals of group 8 may be em-

§0

ployed singly or mixed together, and also,
if desired, in conjunction with other sub-
stances such as copper, silver, gold, oxids of
the alkaline earths, and the like. The alka-

'1i metal compounds méy be employed in a

great variety of forms, such as hydroxids,

carbonates, nitrates, chlorids, ferrocyanids, -

formates, acetates, oxalates, and the like.

The methods of working already known in
the catalytic synthesis of compounds from
gases, particularly from carbon monoxid
and hydrogen, such for example as work-
1ng1n a cycle, the preliminary purification of
the gases, the employment of preliminary
catalysts arranged in front of the main cata-
lyst, devices for removing the heat of the re-
action, the separation of the reaction prod-
ucts by washing, cooling or with adsorp-
tion masses, purifying the circulating gases
and the like methods, may also be employed
according to the present invention. Further-
more, the portions of the apparatus which
become heated during the precess and come
into contact with the gases, may be construct-
ed of silver, copper, manganese bronze, chro-
mium-nickel, aluminium, iron alloys such as
chromium, tungsten or manganese steels,
ferrosilicon or the like, or of iron which is
provided with a coating adapted to resist the
action of the gases and in particular of carbon
monoxid.

A great variety of mixtures containing
hydrogen, oxids of carbon and the like mav be
employed as the initial materials, as for
example water gas, coke oven gas, coal gas,
producer gas, or mixtures of the same, with,
if desired, the addition of carbon monoxid,
hydrogen or other gases. The relative pro-
portions in which the oxids of carbon on the
one hand, and the hydrogen or/and hydro-
carbons rich in hydrogen on the other, may
exist in the gaseous mixture, may vary con-
siderably. %or example, equal volumes of
hydrogen and the oxids of carbon may be
present in the gases, or the proportions of
the oxids of carbon may be higher or lower.
In some cases it is specially advantageous to
employ gaseous mixtures in which the oxids
of carbon constitute less than 25 per cent
of the hydrogen and /or hydrocarbons rich in
hydrogen present. In this case the reaction
proceeds with particular ease. .

The temperature employed usually ranges
between about 225° and 375° C. and very good
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results are obtained at temperatures of be-
tween about 260° end 280° C.

The pressure to be applied may vary within
wide limits, and therefore the work may be
conducted at ordinary pressure, medium pres-
sures, say about 20 or 50 atmospheres, and

‘also very high pressures such as 100 to 200
“or even 1000 atmospheres and more. There-

action space may be smaller in proportion as
the pressure is higher. The deposition of the
reaction products occurs with particular ease
at elevated pressures. Generally speaking

the composition of the reaction product va-
ries according to the catalyst employed in
each case. When the content of the catalyst
in alkali is low, the low boiling hydrccarbons
higher limit of

s

preponderate, whilst with a
alkali content there is genera!
tendency to the formation of hig
ular products. In some cases the forma-
tion of hydrocarbons is accompanied by the
formation of oxygen compounds, such for
example as substances of wax character,
acids of high molecular weight, aicokols and
the like. Ifthe alkali conte below about
0.08 part by weight of a bal per 100
parts of metal of group 8 riodic sys-
tem, the yields are lower. aikali con-
tent exceeds the limit of =mbout |
weight of alkali metal per 10
weight of metal of group 8, the catalyst read-
ily becomes inactive owing o1 i
of solid products on

The following examples
trate the nature of the sai
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relative proportions of
eral times, filtered by
‘When dry, the mixturs is irnp
a solution of potassiurn oy
contain 0.14 part by weig
100 parts by weight of th

The resulting catalystis
then charged into the ¢
a single passageof 1 ¢
taining 25 per cent of C0,
4 per cent of Ny, and 1 1
at 250° C. and under s
mospheres, 10 cubic cer
lyst furnish 26 cubic ce
carbons (benzine) which sre
nary temperature. Moreover, by cooling to
about 10° C. below zere, 85 cubis centimeters
of liquid hydrocarbons (liquid at ordinary
temperature) containing more than 1 carbon
atom, can be recovered. A simiiar effect is
produced by a catalyst containing 10 parts
of palladium and 0.1 part of potassium per
100 parts of iron.
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Example 2

A mixture, precipitated with potassium
hydroxid or potassium carbonate and con-
taining iron, cobalt and uranium in the pro-
portions 4:2:1, is repeatedly decanted and
washed with distilled water until its alkali
content amounts to 0.17 part by weight of
potassium per 100 parts by weight of the
metals of group 8. ~'The mixture is dried at
200° C.

100 cubic centimeters of the catalyst pre-
pared in this manner furnish, by a single
passage of 1 cubic meter of a gas containin
about 35 per cent of CO and 65 per cent o
H.,, at a reaction temperature of 270° C. and
under atmospheric pressure, 27 cubic centi-
meters of benzine and 5 cubic centimeters of
liquefied geseous hydrocarbons.

In the preparation of the catalyst, the de-
crease of the alkali content in washing is
continuousiy supervised by drying and ana-
lyzing samples. If the slkali content of the
catalyst amounts to only 0.2 part by weight
of potassivm, per 100 parts by 7weight of
metals of group 8, the yield of benzine
is only smsll, whilst with an excessive con-
tent of aikali, such as 1.5 parts by weight
of potassium per 100 parts by weight of met-
als of group 8, the yisld of benzine hydro-
carbons diminishes in favor of higher molec-
ular products. Moreover, the surface of the
catalyst becomes coated with solid subsbances
and the catalyst therefore soon becomes in-
active. Simiiar effects ore obtained with the
following catalyst

200 parts of iron, 10 paxt
it of o
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aved Wi

ates and con ng iron, cobalé and siiver
in the prop 4:9: 1 by weight, is decant-

ed with cis :
well washed, an
uch is
ediy well ex
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€. The prod-

7ith distilled

weter, during iz again
dried at 200° © ated with a
kL

solution of suif L e

d  pert by weight
eight of
metals of the iren group. a single
passage of 1 cubic meter of a gas containing
about 25 per cent of CO snd about 70 per
cent of H, 4 per cent of N, and 1 per cent
of methane, at about 290° C. and under a
pressure of 50 stmospheres, 80 cubic centi-
meters of the above catalyst furnish 24 cubic
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centimeters of benzine and 18 cubic centi-
meters of liquefied hydrocarbon gases.

Ewvample 4

A mixture of alkali free, freshly precipi-
tated hydroxids of iron, cobalt and barium,

- containing the said metals in the proportions
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of 100:10:1 by weight, is intimately stirred
with a solution of sufficient rubidium hydrox-
id to introduce 0.18 part by weight of ru-

+ bidium per 100 parts by weight of the metals

of group 8. If the resulting catalyst be em-
ployed under the conditions specified in Ex-
ample 8, but at about 275° C. a single passage
of the gaseous mixture furnishes 3 grams of
2 body resembling paraffin- wax, 17 cubic
centimeters of benzine and 5 cubic centi-
meters of liquefied hydrocarbon gases.

Ezample b5

The hydroxids of iron and copper, freed
from alkali, are intimately mixed in the pro-
portions of 5 gram atoms of iron to 8 gram
atoms of copper, the mixture being then
dried and impregnated with such a quantity
of a solution of potassium hydroxid that the
dry catalyst contains 0.51 part by weight of
potassium per 100 parts by weight of iron.
With a single passage of 1 cubic meter of gas
containing about 25 per cent of CO and 75
per cent of H,, under a pressure of about 5
atmospheres and a reaction temperature of

» about 260° C., 150 cubic centimeters of the
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above catalyst furnish about 50 cubic centi-
meters of hydrocarbons with more than 1
carbon atom which are liquid at ordinary
temperature, and 5 cubic centimeters of hy-
drocarbons with more than 1 carbon atom to
be liguefied at low temperature.

Bvample 6

The wet mixture of the hydroxids of iron
and cobalt precipitated with ammonia and
containing the said metals in the proportions
of 4 gram atoms of iron to 1 gram atom of
cobalt, is well decanted, filtered by suction,

~ washed, and dried at 150° to 200° C. The

50

highly porous product is impregnated with a
sufficient amount of a solution of sodium
carbonate for it to contain, when re-dried,
0.44 part by weight of sodium per 100 parts
by weight of metals of group 8. With a
single passage of 1 cubic meter of gas con-

. taining about 25 per cent of CO and 75 per
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cent of H,, at 270° C. and under ordinary

‘pressure, 200 cubic centimeters of this cata-

lyst furnish 38 cubic centimeters of hydro-

carbons liquid at ordinary temperature, and -

1.2 liters of gaseous hydrocarbons, both prod-
ucts containing more than 1 atom of carbon
in the molecule. .
" What we claim is:— . :
1. In the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with a gas com-

3

brising hydrogen, the step of carrying out

the said treatment in the presence of a cata-

“Iyst containing in addition to a metal of

gro_u;l){S of the periodic system a quantity of
an alkali metal compound equivalent to less
than about 0.6 part by weight of alkali reck-
oned as alkali metal per 100 parts by weight
of the metal of the 8th group of the periodic
system.

2. In the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with a-gas com-
prising hyﬁrogen, the step of carrying out the
said treatment in the presence of a catalyst
containing in addition to a metal of group 8
of the periodic system a quantity of an alkali
metal equivalent to from 0.4 to 0.6 part by
weight of alkali reckoned as alkali metal per
100 parts by weight of the metal of the 8th
group of the periodic system.
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3. In the production of hydrocarbons with -

more than one carbon atom in the molecule,

by treating oxids of carbon with a gas com-

prising hydrogen “at temperatures ranging
between about 225° and 875° C., the step of
rgrrying out the said treatment in the pres-
ence of a catalyst containing in addition to
a metal of group 8 of the periodic system a
quantity of an alkali metal compound equiva-
lent to less than about 0.6 part by weight of
alkali reckoned as alkali metal per 100 parts
by weight of the metal of the 8th group of
the periodic system. .

4. In the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with a gas com-
prising hydrogen at temperatures ranging be-
tween about 225° and 375° C., the step of car-
rying out the said treatment in the presence
of a catalyst containing in addition to a metal
of group 8 of the periodic system a quantity
of an alkali metal compound equivalent to
from 0.4 to 0.6 part by weight of alkali
reckoned as alkali metal per 100 parts by
weight of the metal of the 8th group of the
periodic system. ' ’

5. In the production of hydrocarbons with
more than one carbon atom in the molecule,

by treating oxids of carbon with a gas com-

prising hydrogen, the step of carrying out
the said treatment in the presence of a catalyst
containing a metal of thé iron group and a
quantity of an alkali metal compound equiva-
lent to less than about 0.6 part by weight of
alkali reckoned as alkali metal per 100 parts
by weight of the metal of thesiron group.

6. In the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with a gas com-

prising hydrogen, the step of carrying out

the said treatment in the presence of a catalyst
containing a metal of the iron group and a
quantity of alkali equivalent to from 0.4 to
0.6 part by weight of alkali reckoned as alkali
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metal per 100 parts by weight of metal of the
iron group.

7. %rtl the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with a gas com-

rising hydrogen at temperatures rangin

etween about 225° and 375° C., the step o
carrying out the said trestment in the pres-
ence of a catalyst containing a metal of the
iron group and a quantity of alkali equiva-
lent to from 0.4 to 0.6 part by weight of alkali
reckoned as alkali metal per 100 parts by
weight of metal of the iron group.

8. In the production of hydrocarbons with
more than one carbon atom in the molecule,
by treating oxids of carbon with o gas com-
prising hydrogen at temperatures ranging be-
tween about 225° and 875° C., the step of car-
rying out the said treatment in the Dresence
of a catalyst containing a re of ron and
cobalt and a quantity of clkall equivalent
to from 0.4 tc 0.6 paré sight of alkali
reckoned as alkali m 100 parts by
weight of the said meta irgn group.

9. A process for j
carbons with more
the molecule, which
mixture confaining aboub
bon moncxid and 75 per c
about 270° C. with 2 ¢
and cobalt in the propo
atoms of iron to 1
0.44 part of a sod
sodium per 104 par
group.

10. In the produ
bons by treating o:
drogen at temperatuse
and 375° G, the st
treatment in 1
taining in adc
of the periodic syst
metal compound e
part by weight of
metal per 100 parts by
the 8th group of the
11, Tr: the produ

drogen at temp
about 295° and 27
out the said freat

and 2 guantity
0.4 to C.€ part by A X
as alkall metei per 100 ¢ by weight of

YGrotar-

bons by treating cxides cf ¢
drogen at temperaturves ranging between
about 225° and 875° C., the step of carrying
out the said treatment in the presence of a
catalyst containing g mixzture of iron and
cobalt and a quantity of alizali equivalent to
from 0.4 to 0.6 part by weight of alkali

reckoned as alkali metal per 100 parts by
weight of the said metals of the iron group.
In testimony whereof we have hereunto set

our hands.
: RUDOLF WIETZEL.
KUORT FISCHER. 70
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