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{71 We, HOECHST AKTIEN-
GESELLSCHAFT, a body corporatc orga-
mised under the laws of the Federal Republic
of Germany, of D6230 Frankfurt am Main
80, Germany, do hereby declare the invention,
for which we pray that g patent may be granted
10 us, and the method by which i {5 to be per-
formed, to be paricutarly described in and by
the following statementr—

This invention relates 1o a caralyst contain-
ing iron or a mixture of jron and copper as it
catalytically active ingredient, and to a process
for reducmg carbon monoxide by means of
hydrogen with the resultant formation of a
mixture substantially of hydrocarbons contain-
ing 1 to 4 carbon aroms,

Ethylene is one of the most important lower
hydrocashons which are used as starting
materials in the chemical industries for the
comumercial production of a wide varicty of
sccondary products. In view of the consider-
able demand for ethylene, it is highly desirable
to exploit raw material sources other than
petroleum for making ethylene, One of such
raw materials which recommend themselves js
water gas which is obtained by reacting coal
with steam at high temperatures.

The catalytic hydrogenation of carbon imon-
oxide with the resultant formation of hydro-
catbons has been fally described, for ex-
ample, by Winmd{er-Weingaermer in
“Chemische Technologie”, vol. Organische
Technologic I, pages 780—803, published by
Carl Hauser Verlag, Miinchen, 1952. This
reaction entails the formation of all hydro-
carbons belonging to the olefin and paraffin
series, which are obrained in guite different
proportions depending on the particular cata-
Iyst and reaction conditions used, It is mora
specifieally stared ar pape 786 of the above
publication that in those cases in which an
Iron or iron/cepper-caralyst js substituted for

a cobalt catalyst ia the hydrogenation of car-
bon menexide, ofefins tend o be formed at a
higher rate while methane tends to be formed
at a fower Tate. The prior art catalyses are so-
called precipitation catalysts. They are made,
for cxample, by dissolving the merals in
nitric acid and rapidly precipitavng them,
while hot, with an alkali mesal carbonate soha-
tion. After precipitation, the precipitare is fil-
tered off, washed with water, dried ar 110°C,
crushed and screcned. Next, the screened
matter is reduced by contacting it with hydro-
Ben or synthesis gas at 225°C under a pres-
sure of 10 atmospheres gauge,

The iron or wronfcopper-catarysts prepared
in the manner just described have an vnsatis-
factory catalytic efficiency in the hydrogena-
tion of carbon monexide fmasmuch as the reac-
tion pas centains an insufficiently low propor-
tion of C,—C, hydrocarbons, especially C,-
hydrocarbons. In other words, the catalysts are
insufficiently selective 2s regards the formation
of low olefinic hydracarbons,

The present invention obviates the disadvan-
tageous effects referrcd to hereinabove and
provides iron/copper-catalysts which by reason
of the specific method sefected for their pre-
paraton enable the proportion of C—C,
hydrocarbons in the reaction gas obtained on
hydrogenating carbon imonoxide o be con-
siderably increased,

present inventon thus provides a cata-
Iyst comtaining iron or & mixture of iren and
topper as its catalytically active ingredient
for reducing carbon monoxide by means of
hydrogen with the resultant formation of a
mixture substantially of hydrocarbons having
I 1o 4 carbon atoms, said catalyst being made
by contacting ene or more complex salts of the
following general formula:

Me, [Fe(CNJnjr
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in which Me stands for an iron and/or copper

" ion, x stands for 1 to 4, and ¥ stands for 1

to 3, with hydrogen or a hydrogen/carbon
monoxide-mixture, at 2 temperature of 20 to
500°C, upder a pressure of 1 to 100 atmos-
pheres absolute and over a period of 2 0 20
hours and thereby reducing the complex salt(s)
to elementary iron or copper. :

In the above general formula, the parameters
x and y stand more preferably for 2 or 4, and
for 1 or 3, respectively. The particular com-
pounds concerned in this case have approxi-
mately the following constitution:

Fe,[Fo(CN) ]  CuFe[Fe(CN),1,
Cu [Fe(CN),],  Cu,[Fe(CN),]

in which the water of hydration and residual
alkali metal contents remain unmentioned.

A preferred form of catalyst preparation
comprises contacting the safd one or mote com-
plex sults with at least stoichiomettic propor-
tions of hydrogen or a hydrogen/carbon mon-
oxide-mixture in a preferred molar ratio of
3:1 to 1:2 at a temperature of 350 w 400°C,
under a pressure of 5 to 50 atmospheres gzuge,
and over periods of 3 ™ 10 hours.

With respect to the nawmre of the cat-
lyst, it is possible for it to be used in the
form of granules or pellets or to be deposited
on a carrier, swh as altming, silicic acid,

, kigselguhr, ashestos, glass fibers, a clay min-

eral, pumice or active carbon. In those cases
in which the catalyst is deposited on a carrier,
it is preferable for 20 w 95 weight % of
catalytically active ingredient to be applied ro
the carries, the percentage being based on the
toral weighr of caralyrically acrive ingredient
and carrier. The catalyst of the present inven-
tion is a precipitation catalyst since it is pos-
sible to obtain the one or more complex salis
of the above general formula by precipitating
it or them from an aqueous alkeli metal ferro-
cyanide solution by means of zn aqueous soh-
tion of an iron and for copper salt, and separat-
ing and drying the precipitated salt or salts.
The present inventdon also provides a pro-
cess for the catalytic reduction of carbon
monoxide by means of hydrogen with thbe
resultanr formaton of a mixmire substantially
of hydrocarbons containing 1 o 4 carbon
atoms by contacting a carbon monoxide/hydro-
gen migture at elevated temperaturc, at atmos-
pheric or higher pressure with a catalyst con-
taining iron or a mixture of iron and copper
as ity catalytically active ingredient and being
deposited on a carrier, if desired, which pro-
cess comprises: contacting the gas mixnire ¢on-
taining hydrogen and carbon monoxide in a
molar ratio of .5—3:1, ar 4 temperature of
200 to 500°C, and under atmosphetic prey-
sure or a superatmospheric pressure of up w
100 atmospheres absolute, with a catalyst, the
gas mixture being used at a tate of 100 w

10600 normal liters {S.T.P.} per liter of
catalyst per hour, and scparating hydrocarbons
having from 1 to 4 cartbon atoms from the
issuing gas, said catalyst having been made
by comtacHng oie or more complex salts of
the following peneral formuia:

Me, [Fe(CN).];

in which Me stands for an iron and/or copper
im, x stands for 1 to 4, and y stands for 1
to 3, with hydrogen or a hydropen/carbon
monoxide mixture, at a temperature of 200
to 500°C, under atmospheric pressure or a
superatmospheric pressure of up to 100 atmos-
phetes absolute, and over a period of 2 1o 20
bours and rhereby reduocing the complex salt{s)
0 elementary {Ton of copper.

A preferred feature of the present process
provides for the gas mixture to contain hydro-
gen and carbon monoxide in a molar rativ of
0.8-—3:1 and to be contacted at a wmperarure
of 250 o 450°C under a pressute of 5 to 50

-atmospheres gauge with the catalyst at a rate of

200 to 5000 normal Hters per liter of catalyst
per hour,

The following statements are intended
further to ilustzate the catalyst and process of
the present invention.

The catalyst can be prepared, for example,
hy precipitating copper ferrocyanide from an
aqueous svlution of a copper (II) salt by
means of an aqueons solution of potassium
ferrocyanide, The resulting red-brown precipi-
tate 1s suction-filtcred, washed and dried.
Next, the precipitate is reduced in a copper-
lined steed tube at 350~400°C over a period
of aboutr 2 hours with the use of hydrogen,

Another method of preparing a very good
hydrogenation catalyst comprises producing
an slmost whitc precipitate from an ammo-
niacal sohution of copper (I} chioride and
potassium ferrocyanide (molar ratio =4:1),
drying the precipitate and reducing it by
means of hydrogen.

A still further method of preparing an effec-
tive hydrogenarion catalysr comprises reacting
an aquesus solution of g copper (II) salt and
iron (IT} salt with potassitm ferrocyanide in a
moiar ratio of 1:1:1, separating the resulting
blackish blue precipitate, drying the precipitare
and reducing ir with hydrogen. The blackish
blue precipirate comrains iron and copper in
an stomic rato of 1:2, I the stumic ratio
of Cu:Fe is forther reduced, the catalyst be-
comes less selective relarive o the formation of
Cy-hydrocatbons. Even those catalysts which
are prepared from ferri-/ferrocyanide have
however been found to possess good hydro-
genating properties.

The catalysts prepared in the manner des-
cribed hereinshove can, for example, be
applicd to a carrier by precipitating Com-
plex cyanide(s) in an aqueous suspension of
the carrier, separating the resulting mixture
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“of precipitated  cyanide and carrier, dry-

ing the mixmre, washing it and reducing
the cyanide{s} by means of hydrogen at the
necessary temperature.

Another method of applying the catalyst
to the carrier comprises impregnating pre-
formed carrier material with the complex
cyanide(s) by {irst impregnating the carrier
with an agueons solution of potassiom ferro-
cyanide, then drying the carrier so impreg-
nated and reacting the carrier with an agqueous
soloton of a copper salt.

A still further method comprises mixing the
agueous selution of potassium ferrocyanide
with a copper salt in the presence of ammonia
(precipitation is obviated, e.g. in those cases in
which a copper (II) salt and porassivm farro-
cyanide are used), impregnatdng the carrer
with the resulting solution and precipitating
the copper-cyanide complex by evaporation of
the ammonia.

It is not absolutely necessary for the dry

- catalyst to be treated with hydrogen. It may

well be contacted immediately with the
CO/H,-mixture at the necessary rcaction tem-
perature to effect rcduction of the cyanide
complex. A catalyst so prepared was taken
from a reactor after about 8 hours of opera-
tion and found to be pyrophoric in conract
with air. The nitrogen content of the catalyst
was found to have dropped to (e.g.) 0.2—0.4
weight %, ie. the complex cyanide compound
was found to have been extensively desfroyed.

As more fully flustrated in the following
Examples, the present iron/copper catalysts
compare favorably with the prier art cata-~
lysts in respect of the following points: They
can be gcpared under commercially attrac-
tive conditions and combine this with a rela-

tively high selectivity in the reaction of carbon

monoxide with hydrogen with the resuftant for-
mationt of Cp—C, hydrocarhons,

: EXAMPLE 1.

Particulate pumice ({particle size—2-—3
mm) was introduced into an aqueous solu-
tion of ssium ferrocyanide (a saturated
hot solution was used), the supernatant liquid
was poured off, and the remaining raterial was
dried and mixed with a FeCl, solution iz
excess. The resulting blue mass was water-
washed and dried in 3 drying cabinet at 120°C,
30 g of the product so obtained was placed in
a copper-lined tube 16 mm wide and reduced
by meens of hydrogen over & period of 3
hours at 250—300°C under & pressure of §
atmosphetes gauge.

The catalyst so made was contacted with 30
normal liters per hour of a H,/CO-mixture
{(mofar ratio=1:1) under a pressure of 10
atmospberes gauge. The reaction temperature
was 385°C. The gas issuing from the reactor
contained 1.8% by volume of ethylene and
cthane, 72% by volume of merhane, 1%

by volume of Cs hydrocarbons and 0.8% by
volume of C, hydrecarbons. Liguid hydro-
carbons could not be found to have been
formed, The hydrogenation was accomplished
by th: formation of CO,.

The experiment was 1cpeated under the
reducdon condidons described, bhut the molar
ratio of Hy:CO=1:1 was changed to 3:1. The
quantity of C,, G, and C, hydrocarbons rz-
mained unchanged, bur 9.3% by volume of
CH, was obtained. Less CO, was found io
have been formed; water was formed in a sub-
stantial proportion, howcever.

EXAMPLE 2.

The procedure was as dascribed in Ex-
ample 1, but granular pumice was charged
with K,[Fe{CN).] and the grannlar material
was introduced imo an aqueous solution of

and iron sulfates {melar ratio=1:1).
Tﬁe cyanide complex applied to the granular
pumice corresponded approximately to the
following formula CuF:FF::('CN),_]. The dry
pranular material was contacted with 30 nor-
mal liters per hour of a H, /CO-mixture (molar
ratio=1:1) at 345°C under a pressore of 9.5
atmospheres gauge. The gas issuing from the
reactor confained 2.4% by volume of
hydrocarbons, 1.3%, by volume of C; hydro-
carbons, 1.1% by volume of C, hydrocarhons
and 6.4% by volune of methane.

EXAMPLE 3.
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0.5 mole of K,{Fe(CN),] was dissolved in:-

a suspension of 96 £ of very finely divided
silicic acid (AEROSIL, a product of Dcpussa,
Frankfurt/Main) in 2 kiters of water. {The
word “Aerosil® is a registered Trade Mark.)
Next, a solution of 0.5 mole of CuSO, and
0.5 mole of FeSO, was stirred therefnto. The
resulting precipitate was filtered off together
with silicic acid, thoroughly washed with water
and dried. 30 g of the product so obtained was
contacied ot 340°C and under a pressure of
9.5 atmospheres gauge with 30 noomal liters
per hour of 3 H,/CO-mixture (molar ratio =
1:1). The issuing gas contained 4.4% by
volume of C, hydrocarboas, 2.2% by volume
of C; hydrocarbons, 1.2%, by volume of C,
hydrocarbons and 13.2°% by volumc of meth-
ane, Liquid higher hydrocarbons could not be
found to have been formed. The reaction was
accompanied by the formation of CO,.

EXAMPLE 4,

The procedure was as described in Example
3, but the water-washed mixmre was mixed
with agitetion with 5 weight %, based on the
dry mixiure, of potassiumy waterglass, which
was a 28 weight %, aqueous solurion; the
whole was dricd and comminuted, The dry
product was contacted at 360°C with a
H,/CO-gas mixture 1o effect reduction of the
cyanide complex. to the catlytically active
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material. The resnlting reaction gas contained
3.5% by velune of C; hydrocachons together
with 9.6%, by volume of CH,.

EXAMPLE 5.

The pracedure was as described in Example
3, but the ABROSIL silicic acid was replaced
by hydrate of alomina (a commercially avail-
able product of Condea Potrochemie Gesell-
schaft mbH, Brunshiittel}. The reaction tem-
perature was 315°C. The reaction gas con-
tained 2.8%, by volumc of C, hydrocarbons
together with 7.8%, by volume of methane.

EXAMPLE 6.

An aqueons solution of 2 mol of CuS0, was
raixed with agitation with an agueous solu-
tion of 1 mol of K,[Fe(CN),] and copper
ferrocyanide corresgonding approximatcly to
the formula Cu[Fe(CN),] was found 1w
have been precipitated. The precipitate was
filter2d off, washed with water, dried znd tzh-
letlted. 30 g of the tahlemted material was con-
tacted at 360°C and under a pressure of 9.5
atmospheres gauge with 30 normal liters per
hour of a H; /CO-mixture. The resulting reac-
tion gas contpined 2.66°% by volume of C,
hydrocatbons and 11.7%, by volumme of
methanc. The hydrogenation was  accom-
panied by the formation of water.

EXAMPLE 7.
An aqueous copper sulfate solution was in-
troduced inte an aquecus solution of potassinm

- ferrocyanide, which had fine particulate pumice

suspended therein, to cause precipitation of
copper ferrocyanide which wasz deposited on
the pumice. The mixture of pumice and copper
ferrnepanide was filtered off, washed with
water and dried at about 60°C., 30 g of the
product so obtained was contacted at 320°C
under a pressure of 9.5 atmospheres gauge
with 30 normal Hiters per hour of 2 H,/CO-
mixtorc {molar ratioe=3:1). The resulting
reaction gas contained 3%, by volume of C,
bydrocarbons and 10.5% by volume of
methane. The oxypen conmained in the CO-
gas which underwent reaction was comverted
T COQ_

EXAMPLE 8.

50 g of AEROSIL was suspended in 2 solu-
tion of (L5 mole of K, [Fe{CN).] in 2 lktcrs
of water. The suspension was admixed with
agitation with a solution of 1 mole of CuSQ,
and 2 liters of water and Cu,[Fe({CN),] was
precipitated. The suspension was fittered, and
the filter residue was washed with water and
dricd. The dry product was contacted at
320°C under a pressure of 9.5 ammospheres
gaunge with 30 normal liters per hour of a
CO/H,~gas mixmire (molar ratio of H,:CO~=
1:1). After reducton of the dry product to
catalytically aciive material, the catalyst pro-
duced a reaction gas which contained 2.7%,

by volume of C, hydrocarbons, 1.5% by vol-
ume of C; hydrocarhons, 0.7% by volume of
C, hydrocarbons apd 4.6, by volume of

EXAMPLE 9.

The procedure was as described in Bxample
8 but ALO, was substituted for the AEROSII.
carrier. (The AlLO, uscd was a2 product of
Degussa, Frankfurt/Main, commercially avail-
able under the designation “Aluminiumoxid
C”.) The resulting reaction pas contained
3.5%, by volume of , hydrocarbons and
11.5% by volume of CH,.

EXAMPLE 10,

0.5 mole of Cu(N(Q;); was dissolved in

water and zdmived with ammonia, and the
resulting deep blue solution was decolorized
by means of hydrexyiamine hydrachloride,
Next, the solution was admixed with 0.125
mole of E,[Fe(CN),] in 200 ml of water.
The resujting whire precipitawe of the approxi-
mate formula Cn,[Fe(CN),} was filtered off,
washed with water, dried and tabletted, 30 g
of the wmbletted product was comtacted at
340°C under a pressure of 9.5 atmospheres
gauge with 30 normal liters per hour of a
H,/CO-mixture (molar ratio=1:1), The re-
sulting reaction gas coatained 2.5%, by volume
of C. hydrocarbons and 10%, by volume . of
CH

4

EXAMPLE 11,

12 molc of Co(NOQ,), was dissolved in
water and admived with ammonia, and the
resulting deep blue solution was decolorized
by means of hydroxylamine sulfate. 90 g of
ARROSIL was suspended in the solution and
the resulting suspension was admixed with 0.3
mole of K,[Fe(CN),]. The suspension was
tiltered and the filter residne was washed with
water and dried. 30 g of the dry product was
contacted ar 325°C under u pressure of 9.5
atmospheres gauge with 30 normal liters per
hour of a H,/CO-gas mixture {molar ratic=
1:1}. The resulting reaction gas conrained
2.6, by volume of C, hydrocarbons and
11.2% by volame of CH,.

EXAMPLE 12,

The procedure was as described in Example
11, but the AERROSIL was rcplaced by aiu-
mina (a product of Degussa, commercially
available under the designation of “Alumi-
ninmoxid C”). The resulting reaction gas
contained 2.5%, by volume of C, hydrocarbons
and 9.2% by volume of CH,,

EXAMPLE 13.
(Comparative Example)

A hot solution of 1 mole of Cu{MNO,),, 0.5
mole of Be(NQ,),, and & g of Zr(NO,), in
2 liters of water was admixed with thorough
agitation with 2.5 liters of an agueous solu-
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tion containing 2 moles of Na,CO.. Next, the
mixture was stirred into 100 g of kicsclguhr.
The resulting precipitate was suction-filtered,
thoroughly washed with water and dried. 30 g
of the dry product was reduced by means of
hydrogen over & period of 2 hours, at 300°C
and under 2 pressure of 5 armpspheres gauge.

The catalyst so obtzined was contacred with
30 lircrs per howr of a H,/CO-mixture (molar
ratio=2;1). The resulting reaction gas. con-
tained the following quantities of C, hydro-
carbons, methane and CO,, depending on the
reaction temperature used in each particular
case.

TABLE :

- Temp. -| Pressure | Chydrocarbons ClII, Co,
°C [ atm. gauge { % by volume % by vol. | % by vol. -
350 9.5 0.22 0.98 0,93
190 8.5 0.35 t.60 1.64
410 - 9.5 0.33 1.65 1.55

The water of hydration present in the salis
specified in the above Examples and uscd for
making the catalysts has been disregarded for
reasons of simplicity.

WHAT WE CLAIM 1S:—

L. Catalyst containing iron or a mivture of
iron and copper as its cetalytically active in-
gredient for reducing carbon monoxide by
mears of hydrogen with the resultant forma-
ton of & mixture substantially of hydrocar-
bong having 1 to 4 carbon atoms, said catalyst

being made by contacting one or more com-’

plex sals of the following general formula:
Me,[Fe(CN)],

in which Me stands for an iron andfor copper
ion, x stands for 1 to 4, and g stands for 1
to 3, with hydrogen or o hydrogen/carbon
monoexide-mixture, at a temperamre of 200 ©
S00°C, under a pressure of 1 to 100 atmos-
pheres absolute and over a period of 2 tw 20
hours and thereby reducing the complex salr(s)
substantially to elementary iron or copper.

2. Caralyst as claimed in claim I, wherein:
the pataméter x stands for 2 or 4 and the
parameter y stands for 1 or 3,

3. Caralyst as claimed in claim 1 or 2, the
catalyst having been made by contacting the
said one or more complex saits with at least
stoichiometric proportions of hydrogen or a
hiydrogen /carbon monoxide-mixture ar a tem-
perature of 330 to 400°C, under a pressure of
5 to 50 armospheres gauge and over a period
of 3 to 10 hours,

4. Catalyst as claimed in any one of ¢laims
1 1o 3, having been made by comtacting the
said one or more complex salts with a hydro-
genfcarbon menoxide mixmre in a molar
ratio of 3:1 to 2:1.

5. Catalyst as claimed in any one of claims
1 to 4, whereir the said onc or more complex
salts are made by precipitating it or them
from an aqueovs alkali meral ferrocyanide

solution by means of an aqueous solution of an
iron andfor copper salt, and separating and
drying the precipitated salt or salts, -

" 6. Caralyst as claimed in any one of claims
1 to 5, the catalyst being in the form of
granuies or pellets, - -

7. Catalyst a5 claimed in any one of claims

I w0 5, the caealyst belng deposited on 2 carrier.

8. Catalyst as claimed in claim -7, wherein
the carrier is aluiina, silicic acid, kiesslguhr,
asbestos, glass fibers, a clay mineral, pumice
or active carbon,

9. Catalyst as claimed in claim 7, wherein
20 to 95 weight %/, of catalytically active in-
gredient is applied to the carricr, the percen-
tage being based un the total weight of cara-
Iytically active ingredient and carrier.

10. Process for the catalytic reduction of
carbon monoxide by means of hydrogen with
the resultant formation of a mixwmre substan-
tizlly of hydrocarbons containing 1 to 4 car-
bon atoms by contacting 2 carbon monexide/
hydrogen-mixziure at elevated temperatare, at
atmospheric or higher pressure with a cata-
lyst containing iron or a mixture of fron and
copper as its cataiytically active ingredient and
being deposited on a carrier, if desired, which
process comprises: comtacting the gas mixture
coaraining hydrogen and carbon monoxide in
& molar ratio of 0.5—3:1, at a temperature of
200 to 500°C, and under atmospheric pres-
sute or a superatmospheric pressure of up to
100 armospheres absolate, with a catalyst, the
gas mixtuse being used at a2 rate of 100
10 000 normul Hters (S.T.P.) per liter of
catalyst per hour, and separating hydrocarbons
having fram 1 to 4 carbon atoms from the
issuing gas, said catalyst having been made
by contacting one or more complex salts of the
following general formula:

Mex[Fe(CN)e] ¥

in which Me stands for an iron and/or copper
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with hydrogen or a hydrogen/carbon monoxide
i at a temperature of 200 to 500°C,
under atmospheric pressure or a superarmos-
pheric pressure of up to 100 atmospheres abso-
Inte, and over a period of 2 1 20 hours and
thereby reducing the complex salt(s} to ele-
mentary iron or copper,

11, Process as claimed in claim 10, wherein
the gas mixture conains hydrogen and carbon
monoxide in a molar ratio of 0,8—3:1,

12. Process as claimed in claim 10 or 11,
wherein the caralyst is contacted at a tem-
perature of 250 ro 450°C under a pressure of
5 to 50 atmosphercs gange with 200 w 5000
normal liters of gas mixears, per liter of cata-
Iyst per hour.

13. Process as claimed in any ohe of claims
10 1o 12, wherein the parameter » stands for
2 or 4 and the parameter ¥ stands for 1 or 3,

14. Process as claimed in any one of clgims
10 to 13, whercin the said one or more com-
plex salts are contacted with at least sroichio-
metric proportioas of hydrogen or a hydro-
pen/earbon monoxide mixmire at 2 tempers-
ture of 350 w 400°C, under a pressure of 5
to 50 atmosphéres gauge and over a period of
3 to 10 hours, _ .

15. Process as claimed in any one of claims
10 te 14, wherein the said one or more com-
plex salts arc contaced with a mizmare of
hydrogen and carbon monuxide in a molar
ratio of 3:1 to 1:2.

16. Process as claimed in any one of claims
10 1o 15, wherein the said one or more com-
plex salts are made by precipitating it or them
from an aqueous alkali metal fercocyanide solu-
tion by means of sa agucous solntion of an
iren and/or copper saly, and separating and
drying the precipitated salf or salts.

17, A process for the catalytic reduction of

carbon monoxide comducted substantially as
described in any one of Bxamples ! w 12
herein,

18. Catalyst as claimed in any one of claims
1 10 9 herein and whenever obrained by a pro-
cess as described in any ome of Examples 1
to 12 herein, :

For the Applicapts,
CARPMAELS & RANSFORD,
" Chartered Patent Agents,
" 43 Bloomsbury Square,
London, WCIA 2RA.

Frinted for Her Majesty’s Stationery Office by the Courier Pross, Leantington S%, 1978, -
Fublished by the Patent Oﬂiuq, 25 Seuthamptean Bulldings, London, de’:.’.ta 1AY, fro
- which copies m bteined. .

Be o from
oy o

30

35

45



