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{34) CATALYST FOR REDUCING CARBON
MONOXIDE WITH HYDROGEN

(71 We, HOECHST AKTIEN-
GESELLSCHAFT, a hody corporate
organised under the laws of the Federal

- Republie of Germany, of D6230. Frankfurt

am Main 80, Germany, do hereby declare
the invention, for which we pray that a
patent may be granted to us, and the
method by which il is to be performed, to be
particularly described in and by the
following statement:—

This invention relates to a calalyst for
reducing carbon monoxide by means of
hydrogen so as to obtaln a mixture
consisting substantially of C,—C,-
hydrocarbons, the catalyst being mude by
subjecting a metal cyanide to partial or
complete decomposition.

Ethylene is one of the most important
lower hydrocarbons which arc used as
starting rmaterials in the chemical industries
for the commercial production of 4 widc
variety of sccondary products. In view of
the considerable demand for ethylene, it is
highly desirable to exploit raw material
sources other than petrofeum for making
gthylene. One of such raw materials which
recommend themselves is water gas which is
obtained by reacting coal with stcam ai high
temperatures.

The catalytic hydrogenation of carbon
monexide with the resultan! furmation of
hydrocarbons has been described in the
literature, e.g. by Winnacker-Weingaertner
in  **Chemische Tlechnologie’”, vol.
Orgagischie Technologic I, pages 780—2803,
Carl Hanser Verlap, Miinchen, 1952, This
reaction entails the formation of all
hydrocarbons belonging to the olefin and
paraffin series, which are obtained in quite
different proportiens depending on the
particular catalyst and reaction conditions
used. It has more specifically heen

.made

described at page 786 of the above literature
reference that in those cases in which an
iron ot iron/copper-catalyst is substituted for
e cobalt calalyst in the hydrogenation of
carbon monoxide, olefins tend to be formed
ut an increasing rate while methane tends to
be formed at a decreasing rate. The prior art
catalysts  are so-called precipitation
catalysts. They are made, for example, by
dissolving the metals in nitric acid and
rapidly precipitating them, while hot, with
an alkali metal carhonate solution. After
precipitation, the precipitule is filtered off,
washed out wilh water, dried at 110°C,
erushed and screened. Next, the screened
matter is redoced by contacting it wilh
hydrogen or synthetic gas at 225°C under a
pressure of 10 atmospheres gauge,

The iron or iron/copper-catalysts
prepared in the manncr just described have
an unsatisfactory catalvtic efficlency in the
hydrogenation of carbon menoxide
inasmuch as the reaction gas containg an
insufficiently low proportion of C,—C,
hydrocarbons, especially C,-hydrocarbons.
In  other words, the catalysts are
insufficiently seicctive as regards the
formation of low olefinic hydrocarbons.

The present invention obviales the
disadvantageons cffects  referred to
hereinabove und provides catalysts which
by reason of the specific method selected
for their preparation enable the propertion
of C,—C, hydrocarbons in the reaction gas
obtained on hydrogenating carbon
monoxide to be considerably increased.

The present invention thus provides more
specifically a catalyst for reducing carbon
monoxide by means of hydrogen so as to
oblain a mixture consisting substantiaily of
C,—C, hydrocarbons, said catalyst being
by precipitating a salt of =u
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hydroeyanic acid of the general formuia
Me,Me,(CN),, scparating and drying the
salt so precipitatcd and subjecting it to thermal
decomposition, in which formula the
cationic component Me, stands for one or
mare of the elements Ce, Cu, Co, Ni, Fe,
Mn, Zn and Ag, or for Ca or Mg, the Ca or
Mg being in admixture with (NH,); the
anionic component Me,, stands for one or
more of the elements Cu, Co, Ni, Fe, Mn,
Zn and Ag or a mixture of these slements;
and x stand fer the sum of the metal
valencies; Me, and Me, being, however, not
permitted to stand for iron alone, or for a
mixture of iron with copper. This catalyst
may for instance be formed by subjecting
the salt to thermal decomposition at 200 to
S00°C, c.g. 290 to 350°C, under vacuum,
e.g. 1 to less than 760 mm of mercury, or
under a pressure of up to 100 atmospheres
absolute. It is also possible for the catalyst
to be formed in the presence of hydrogen or
a mixture of hydrogen and carbon
monoxide at 4 temperature of 200 to 560°C
and under a pressure of I to 100
atmospheres absolute, preferably 4 to 30
almospheres absolute.

With respeci to the ionic components
represented by Me, and Me,, in the general
formula MeMe (CN),, it is advantagcous
for them to be wused in wvarious
combinativns, In those cases in which Me,
stands for iron, Me, should preferably stand
for one of the following combinations:

a) silver, 4ine, cobalt or manganese, or

b) 1 mixture of copper with iran end nickel,
or a mixture of copper with cerium or cobalt
oI manganese, or

¢) a mixture of silver with cerium or iron, or
d) a mixture of calcium or magnesium with

-
If, however, Me, stands for cobalt, then
Me, should more preferubly stand for
copper or silver, In the above general
formula  MeMe, (CN),, it is finally
preferable for Me,, to stand for manganese
and for Me, to stand for copper, which is a
preferred combination of metals.

With respect to the nature of the catalyst,
it is possible for it to be used in the form of
granules or pellets or to be deposited on a
carrier, such as eluming, silicic acid,
kieselgulr, asbestos, glass fibers, clay
minerals, pumice or active carbon, In those
cases in which the catajyst is deposited on a
carrier, I to 93 weight %, preferably 5 to 30
weight %, of the catalytically active
ingredient should advantageously be
applied to the carrier, the percentage being
based on the total weight of the catalytically
aetive ingredient and carrier,

The following statements are intended
further to iHusirate the catalyst of this
invention. .

The catalysts prepared in the manner

described hereinabove can, for example, be
applied to a carrier by precipitating the
hydrocyanic acid sall i an aqueous
suspension of the carrier, separating the
resulting mixture of precipitated sall and
carrier, drying the mixture, washing it and
subjecting to Lo thermzl decomposition at
the necessary temperature,

Another method of applying the catalyst
to the carrier comprises impregnating
preformed  carrier  ‘material by  first
mpregnating the carrier with an agucous
solution of a hydrocyanic acid salt, then
drying the carricr so impregnated, and
reacting it with an aqueous solution of a
precipitation inducing salt, or inversely.

A farther preferred method comprises
dry-blending the active ingredilent with the
carrier,

The catalyst of this invention is suitable
for use in the catalytic hydrosenation of
carbon moncxide by means of paseous
hydrogen to give a mixture consisting
substantially of C,—C, hydrocarbons. The
hydrogenation can preferably be effected,
e.g. DY contacting the catalyst at 150 to
500°C and, if desired, under a pressure of up
to 100 atmospheres absolute with a gas
mixture containing hydrogen abd carbon
monoxide it a molar ratio of 3:1 to 1:2, the
gis mixture being used at a rate of 100 io
3000 normal liters (S.T.P.} per liter of
catalyst per hour, and separating the C,—C;
hydrecarbons from the issuing gas.

It is even mere preferable to contact the
catalyst at 250 to 400°C and under g
pressure of [ {o 30 atmospheres absolute
with a gas mixture containing H, and CO in
a molar ratio of 2:1 to {:1, the gas mixture
being used at a rate of 100 to 2000 normal
liters per l#er of catalyst per hour.

As more fully illustrated in the following
Examples, the present catalyst compares
favorably with the prior art in respect of the
following points: It can be made under
commcrcially attractive conditions and
combines this with a relatively high
selectivity in the rcaction of carbonp
menoxide with hydrogen to give a mixture
of C,—C, hydrocarbous.

EXAMPLE 1:
Ce,Cu,,[Fe(CTN}l,-

34.7 g of Ce(NO,),.6H,0 and 116 g of
CuiNQ,), . 3H,0 were dissolved in | liter of
water and the whole was introduced at
60°C, with vigorous agitation, into a
soluiicn of 126.7 g of K, [Fe(CN),] . 3H,O in
I liter of water. The resulting precipitate
was suction-filtered and washed with 1.5
liters of water in portions of 100 ml, The
precipitate, which had the empirical
formula Ce,Cug,[Fe(CN).],,, was dried at

60°C and the hard mass was comminuted to.

give particles with a size of 1.6 to 2.3 mm, 30
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“volame
-nermal liters of gas was taken from the

g of the product so made was contacted at
340 to 350°C under a pressure of 20
atmmospheres gauge with a gas mixture
consisting of 50 volume % of H, and 50
% of CO. A constant quantity of 25

apparatus per hour. Thc reaction gas
contained 11.25 voiume % of CH,, 2.45
velume 5, of C,H,, 1.18 volume % of C,H,,
1.7 volume 5, of C;H, and 0.3 volume % of
C,H,. After an opt:ratmn peried of 10 hours,
a further 6.4 g of an unidentified oil was
obtained in a separatoer disposed
downstream of the reactor.

EXAMPLE 2:
Ce Cuy,[Fe(CN) g

As described in Example 1, & solution of
52.05 g of Ce(NQ,),.6H,0 and 87.0 g of
Cu{NGQ,), . 3H,0 in | liter of water was
united with a solution of 114 g of
K [Fe(CN)I .3H,0 in 1 titer of water The
resuliing precipitate was suction-filtered,
washed, dried and fragmented, 30 g of the
product so obtained was contacted at 313°C
under a pressure of 30 atmosphcres gange
with a gas mixiure of 50 volume 7 of H, and
50 volume % of CO. The issuing gas was
removed at a rate of 33 normal liters per
hour. It contained 11.7 volume %, of CH,, 2.7
volume % of C,H,, 1.38 volume %, of C HE,
178 volime % of CyH, and 0,52 volume /{, of
C;H.. Afteran o eratlon period of 30 houss,
a futther 60 g of high-boiting hydrocarbons
were obtained,

EXAMPLE 3:
Cu, sCog g [Fe(CN),]

A salution of .75 mol of CuSQ, and 0.25
moi of Co(NO,), in 1 [iter of water was
stirred inloe & solulion of 0.4 mol of
K Fe{CN)] in 1 liter of water. The
resulting precipitate was suction-filtered,
thoroughly washed with water and the filter
cake was mixed, while moist, in a laboratory
kneader with 125 g of asbestos and 125 g of
fine silicic acid, the resulting mixture was
dricd and rmade into pellets 3 mm in
diameter, The filter cake corresponded
approximately to the formula
Cu, Co,[Fe(CN)g]. 40 g of pelietized
material was placed iz a reactor and
contacted therzin with gaseous hydrogen at
320°C undei-a pressure of 10 almospheres
gauge. The efficiency of the catalyst so
made was tested by contacting it at 300 to

310°C under a pressure of 7 almospheres

gavge with a CO/H,-mixture (1:I). A
constant quantity of 25 normal liters of
reaction gas was removed per hour, It
contained (1.5 voiume % of CH,, 2.86
volume % of C,11,, 0.74 volume % of C,H,,
2.14 volume % of C,H, and 0.31 volume %
of C,H,. Under a pressure of 4 atmospheres
gauge, at 290°C and gas removal at a

constant rate of 10 normal liters/h, the
issuing gas was found to contain 9.38
volume % of CH,, 2.0 volume ¥; of C,H,,
0.32 volume % of C,H,, 1.37 volume %, of
C,H; and 1.37 volume % of C,H,.

EXAMYLE 4:
CuFe,, Ni,,[Fe(CN)gi

A solution of 211.2 g of K,[Fe{CN),] in |
liter of water was admixed, with thorough
agitation, with 2 1 of an aqueous solution
containing 137.3 g of Cu8Q, . 5H, 0,933 ¢
of FeSQ, . 7TH,0, and 51. 2g0fNISO TH, 0
The result.mg precxpltate was suction-fi ftered
and washed with water, and the filter cake,
which had the cmpirical formula
Cu,Fe,;Ni,[Fe(CN),l, was mixed with 125
g ol asbeslos and 125 g of silicic acid. The
mixturc obtained wus dried and made inlo
pellets, 40 g of pelietized material was
placed in the reactor and treated for 2 hours
with H, at 320°C under a pressure of 10
atmospheres gauge. The pelietized material

was conlacied at 340°C under a pressure of

10 atmaospheres gauge with a gas mixture of
H, and COQ, which was used in a ratio by
volume of 1:1. The Issuing gas was removed
at a consiant rate of 10 normal litersth and
found to contain: 13.6 volume % of CH,,
0.81 volume % of C.H, 256 volume ¥ of
C,H,, 1.61 volume % of C,;H, and 0.35 %, of

31"13-

EXAMPLE 5:
Co,[Fe(CTN),]

A solution of 175 mol of X,[Fe(CN),! in
0.8 liter of water was united with a solution
of 2/5 mol of Co(NO,), in 0.5 liter of water,
The resulling precipitate was suction-
fiitered, thoronghly washed with 1.5 liters of
water, whn.h contained 1/5 mol of Co{No.),
per liter, and then mixed with 50 g of
asbestos and 50 ¢ of silicic acid, The mixiure
obtained was dried and made into pellets,
The pelietized material was treated at 280°C
as described in Example 4, and the resulting
reaction gas was found to contain: 12.32
volume %, of CH,, 1.66 volume % of C H4
0.96 volume % of C,H,, 1.96 volume % of
C,H, and 0.35 volume % of CjH,. 36 g of
}ugher—boﬂmg hydrocarbons were obtamsd
gver an operation period of 55 hours.

EXAMPLE 6

Fe,Ni[Fe(CN),l,
Ag deseribed in Example 1, a complex
cyamde of the empirical formula
1[Fe(CN) 1z was madc from
FoNOLy, BHLO" Ni (NOW, 6H,0 and
_,{Fe((“l\)ﬁ] and the complex cyamdc was
contacted, as described in Example 1, with a
CO and H, gas mixture. The igsuing reaction
gas contained 32.48 volume % of CH,, 0.06
valume % of C,H,, 344 volume % of C.H,,
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147 volume % of C,H, and 1.05 volume %
of CH, A further 10 g of liquid
Il'llyd.rcnca.rbons were obtained within 20
UTS,

EXAMPLE 7;
Mua[Fe(CN).l,

As described in Example 1, an agueous
solution of 0.3 mol of MnSO, was united with
an ueous solution of 02 mol of
K,iFe(CN}] and a precipitate of the
empirical formula Mn,[Fe{CN},l, was
obtained. The precipitate was washeé dried
and comminuted. 30 g of the communited
material was contacted at 310°C under &
pressure of 4 atmospheres gauge with a CO
and H, gas mixture which was used in 2 ratio
by vofume of 1:1. A constant quantity of 10
normal liters/h of gas was taken from the
reactor, The gas contained 6.76 volume %, of
CH,, 0.52 volume % of C,H,, 1.96 volume %
of C,H,, 1.68 volume % of C;H, and 0.77
volume %, of CH,,

EXAMPLE &:

Cu, ;Mn, [Fe{CN),] _
0.2 mol of K {Fe(CN),] . 31,0, 0.3 mol of
Cu80, . 5H,0 and 0.1 mol of MuS0O, . H,0
were reacted in aqueous solution so as to
cbtain & precipitate of the empirical formala
Cu, M [Fe(CN),i. The precipitate was
further treated as described in Example 7.
The issuing rcaction gas contained 8.4
voiume 23 of CH,, 2.4 volume % of C,H,, 1.3
volume % of C,H;, 3.8 volume 2; of C,H,
and 0.49 volume %, of C,H,. A further 25.5 g
of liquid hydrecarbons were cbtained

during an operation pericd of 62 hours,

CXAMPLE 9
Cuy sNig s[Fe(CNJj

40 g of the complex salt of the empiricul
formula Cu, {Nig[Fe(CN),] deseribed in
Example 3 was contacted at 320°C under a
pressure of 4 almospheres gauge with a £08
mixture of CO and H,, which was used in 3
ratio by velume of 1:1, The issuing gas was
removed at a constant rate of 25 normal
liters/h. The reaction gas contained 17.78
volume °, of CH,, 0.04 volume Y of CH,,
2.2 volume % of CoHg, 0.35 volume % of
C;Hy and 0.91 volume %, of C,H,. Higher
oily hydrocarbons could not be found to
have been formed.

EXAMPLE 1(:
Tu,[ColCN), 1,

K [Co(CN}]l was reacted with copper
acetate in aqueons solution and the
resulting precipitate was made into pellets
in the manncr deseribed in Example 3. 40 g
of the pelletized material was conlacted at
340°C under & pressure of 10 atmospheres
gauge with a gas mixture of CO and H,,

which was used in a ratio of 1:1. The issuing
gas was removed at a constant rate of 10 Ih
and found ta contain 16 volume % of CH,,
0.16 volume 5, of C,H,, 1.70 volume °, of
C.Hy 0.63 volume % of C,H, and 0.32
volome % of CHy. 2.1 g of higher liquid
%:ydrocarhons were obtained within 13
OUTS,

EXAMPLE 1]:
Ag[Co{CN),

K,ICo(CN),] was precipitated with
AgNQ, in a dilute aqueous solution of acetic
acid so as to obiain a complex salt of the
empirical formula A [Co(CN)].  As
described in Example 3, the precipitate was
mixed with asbestos and silicic acid and
made into peliets, 40 g of the pelletized
material was contacted at 320°C under a
pressure of 10 atmospheres gauge with a gas
mixture of CO und H,, which was used in a
ralic by volume of 1:1. The issuing gas was
removed at a constant rate of 10 normal
liters/h and found (v contain 12,3 volume %
of CH,, 0.05 volume %, of C,H,, 1.06 volume
%o of CyHy, 0.35 volume % of C,H, and 0.49
volume %, of C,H,.

" EXAMPLE [
Cu,[Mn{CN),]

K Mn{CN),i was precipitated with the
use of an ammoniacal Cu(l) sak solution to
obtain a complex salt which was contacted
under the conditions deseribed in Example
1 with a gas mixture of CO and H,. The
issuing gas containcd 1.6 volume 97 of CH,,
0.3 volume % of C%H,;, 04 volume % of
CHg, 0.3 volume % of CH, and 0.12
volume % of CH, Iligher liquid
hydsocarbons couid not be found to have
been formed,

EXAMPLE 13:
Mn,|Fe(CN),]

A solution of 0.2 mol of K, {I7e(CN)] in 1
liter of water was admixed, while stirting,
wiih a solution of 0.4 mol of MnSO, in | fiter
of water., The resulting white precipitate,
which had the empirical formula
Mn,[Fe(CM),] was suction-{iiterad, washed,
mixed, in the manner described in Example
3. with asbestos and silicic acid and made
into pellets, 50 m! of the pelletized material
was contacted at 310°C under a pressure of
4 atmospheres gange with 2 gas mixture of
50 volume %, of CO and 50 volume % of H,.
The issuing gas was removed at a rate of 10
Ih. The reaction gas contained 4.74 volume
% of CH,, 1.76 volume % of C.H,, 0.72
volume % of C,H,; 2.59 volume °, of
C.H, and .24 volume %, of C;H,. A further
28.3 g of liquid hydrocarbony were abtained
over an operation period of 100 hours.
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EXAMPLE 14
Mg(NH,),[Fe(CN},]

solutions  which contained
stoichiometric proportions of MgClL,
ammonium chloride and potassium
ferroeyanide, respectively, were united so as
Lo producc magnesium-ammonium
ferrocyanide. The complex salt was dried
and 10 g thereof with a particle size of 2 mm
was placed in a reactor, in which it was
contacted at 320°C under a pressure of 20
atmospheres gauge with a gas mixiure of CO
and H, in a ratio by volume of 1:1. The
issuing gas was removed at a constant rate
of 20 normal liters/h. The reaction gas
contained 15.9 volume % of CH, 0.5
volume % of C,H,, 2.35 valume % of C,H,,
0.3 volume % of C,H, and 0.77 volume % of
C,H,. A further [9 g of higher liquid
hydrocarbons were obtained within 22
honrs,

Agucous

EXAMPLE 15:
Ca(NH,),[Fe{CN),|

As described in Example 14, calcium-
ammoninm ferrocyanide was prepared and
the compiex salt was contacted with. g
CO/H, gas mixture under the conditions
described in that Example. The reaction
%as, which was removed at a constant rate of
0 normal liters/h, contained 11.2 volume %
of CH,, 1.02 volume % of C,H,, 0.85 volume
% of C;H,, 0.77 volume %, of C;H, and 0.43
volume % of C;H,. A further 19.6 g of liguid
hydrocarbons ~ were obtained over an

operation period of 27 hours.

EXAMPLE 16
Zn [Fe(CN).L,

0.6 mol of ZnSQ, . TH,O was reacted with
0.4 mol of K [Fe(CN)l in aqueous
solutionr, which contained 279 g of
810, (Ketjen Si0,Fx), so as to obtain a
precipiiale’ of the empirical formula
Zny[Fe(CN)l, . x8i0,, {The word *Ketgen”
is a registered Trade Mark). 27 g of the
mixture was conlacted at 340°C under a
pressurc of 9.3 atmospheres gauge with a
gas mixture containing CO am:‘g H, in a ratio
of 1:1, The issuing gas wes removed at a rate
of 15 normal liters/h, It contained 80
volume %, of CH,, 1,6 volume % of C,H,, 1.4
volume %, of C,H, and higher hydrocarbons,

EXAMPLE 17:
Ag,[Fe(CN),]

An aqueous solution of X,fFe(CN),] was
admixed with AgNO, so a5 to cause
precipitation of a complex salt of the
eimpirical formula Ag,[Fe(CN),], which was
washed with water, admixed with asbestos
and silicic acid and made into pellets 3 mm
in diameter. 15 g of the pellciized material

wus placed in a reactor and contacted -

therein at 340°C under a pressure of 20
atmospheres pauge with a gas mixture
containing CO and H, in a ratio by volume
of 1:1. The issuing gas was removed at a rate
of 10 normal liters/h and found ta contain
1071 voiume % of CH,, 0.7 volume % of
C.H,, 1.9 colume % of C,H,, 1.71 volume %
of C.H, and 0.5 volume % of CH,.

EXAMPLE 1%;

CeAglFe{CN),l
Cerium(III) nitrate, AgNO, and
K,Fe(CN)s] wecre reacted in aqueous
sofution so as to obtain a precipitate of the
empirical formula CeAgiFe(CN),, which
was washed and dried at 60°C and then
comminuted to fragments with a size of 1
to 2.5 mm. 30 g of the splintered fragments
were contacted at 370°C under a pressure of
10 atmospheres gauge with & gas mixture
containing 33 volume % of CO and 67
volume % of H, The issuing gas was
removed at a rate of 15 normal liters/h and

found to contain 11.9 volume % of CH,, 2.62

volume % of C,H,, 0.6 volume %, of C,H,,
1.25 volume % of C,H, and 0.25 volumc ¥,
of C,H,.

EXAMPLE 19:
AgFel([Fe{CN),) |
0.5 mol of a precipitate of the empirical
formula AngcFFc(CN]EJ was mixed with
250 g of alumina (Condea NG) and the
mixture was pelletized. 30 g of the pelletized
material consisting of particles with a
diameter of 1.5 to 2.5 mm was placed in a
reactor and conlacted therein at 320°C
under a pressure of 20 atmospheres gauge
with a gas mixture consisting of 50 yolume
% of CO and 50 volume % of H, The
reaction gas which was removed at 4 rate of
30 normal liter/h contained 24.1 volume %
of CH,, 0.99 volume %, of C,H,, 4.32 volume
% of C;H, 2.04 volume %, of C,H, and 1,18
volume % of C;H,. A further 25 g of liquid
higher hydrocarbens were obtained within
an operation period of 26 hours,

EXAMPLE 20;
Ag,Fe[Fe(CN),]

The precipitate prepared in the manner
described in Example 19 was mixed with
asbestos and sificic acid and the mixture was
made into pellets 3 mm in diamcter, 0.5 mol
of Ag,FelFe(CN)] was blended with 125 g
of asbestos and 125 g of silicie acid. 30 g of
the pelletized material was contacted at
320°C under a pressure of 20 atmospheres
gauge with a gas mixture containing CO and
H, in a ratio by volume of 1.1, The reaction
gas, which was removed at a rate of 30
normal Jiters/h, contained 10.62 volume %
of CH,, 2.64 volume % of C,H,, 1.95 volume
% of CH,, 2.52 volume ¥, of C,H, and 0.67
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volume %, of C,H,. A furiher 6.8 g of higher.
hydrocarbons were obtained within an
operation period of 18 hours.

WHAT WE CLAIM [Si— .

1. Catalyst for reducing curbon monoxide
by means of hydrogen so as to obtain a
mixture consisting substantially of C,—C,-
hydrocarbons, the catalyst being made by
precipitating a salt of a hydrocyanic acid of
the general formula MeMe,(CN),,
separating and dryving the salt so
precipitated and subjccting it io thermal
decomposition, in which formula the
cationic component Me, stands for one or
more of the elements Ce, Cu, Co, Ni, Fe,
Mn, Zu and Ag, or for Ca or Mg, the Caor
Mg being in admixture with (NH,); the
aniapic component Me, stands for ote or
more of the elements Cu, Cao, Ni, Fe, Mn,
Zn and Ag or a mixture of these elements;
and x stands for the sum of the metal
valencies; Me, and Mg, being not permittcd
te stand for iron alene, or for a mixture of
jron with copper.

2. Catalysi as claimed in claim 1, the
catalyst being formed by subjecting the salt
iu lthermal decomposition at 200 to 300°C,
under vacuum or under a pressure of up to
100 atmospheres absolute.

3, Catalyst as claimed in claim 1, the
catalyst being formed in the presence of
hydrogen or a mixture of hydrogen and
carbon monoxide at 4 temperature of 200 to
500°C and under a pressuse of 1 to 100
atmospheres absolutc,

4. Catalyst as claimed in claim 3, the
catalyst formation pressure being 4 to 30
atmospheres absolute.

5, Catalyst as claimed in any of claims 1 to
4, wherein Me, stands for iron and Me,
stands

a) for silver, zinc, cobalt or manganese, or

b) for a4 mixture of copper with iron and
nickél ar & mixture of copper with cerium or
cobalt or manganess, or

¢) for x mixulre of silver with cerium or
iron, or

d} for a mixture of calcium or magnesium .

with NH,.

6. Catalyst as claimed in any of claims [ to
4, wherein Me,, stands for coball and Mc,
stands for copper or silver,

7. Catalyst as claimed in any of calims 1 to
4, wherein Me, stands for manganese and
Mg, stands for copper.

8. Catalyst as claimed in any of claims 1 to
7, wherein the salt is thermally decomposed
at 290 to 350°C.

9, Catalyst as claimed in any of claims | te
8, the catalyst being in the form of granules
or pellets, or deposited on a eartier,

10, Catalyst as claimed in claim 9,
wherein the carrier substance is selected
from salumina, silicic acid, kieselguhbr,
ashestos, glass fibers, clay mincrals, pumice
or active carbon, '

11. Catalyst as claimed in claim 9 or 19,
wherein § to 95 weight ¥, of the catalytically
active ingredient is applied to the carrier,
the Eercantage being based on the total
weight of the catalytically active ingredient
and carricr.

12, Catalyst as claimed in claim 11,
wherein the said percentage of the
calalytically active ingredient which is
applied to the carrier is 5 to 30 weight %,

3, Catalyst as claimed in claim 2, the
catalyst being formed under a vacuum of 1
to iess than 760 mm of mercuory.

14. A process for catalytically reducing
carbon monoxide so as to obtain a mixture
consisting sobstantiatly of C,—C,-
hydrocarbons with the use of a catalyst as
cfraimed in any of claims 1 to 13,

15. Hydrocarbon mixtures caonsisiing
substantially of C,—C,-hydrocarbons
whenever obtained by reducing carbon

- monoxide with hydrogen in contact with a

catalyst as claimed in any of claims 1 to 14,

l6. Catalyst substantially as described in
any of Examples 1 to 20 herein.

For the Applicant,
CARPMAELS & RANSFORD,
Charlered Patenl Agcents,
43, Bloemsbury Square,
London, WC1A 2RA.
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