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COMPLETE SPECIFICATION

Process for the Catalytic Hydrogenation of Carbon Meonoxide

We, RUHRCHEMIE AK’I’IENGESELLSCHAPT, 3
German  Compuny, of Oberhausen-Holten,
Germany, and Lorcr Grssrrscrast FUER
WATRMETHCHNIK, M.B.H., 2 Germun Company,
of Frankfurt .M., Heddernheim, Germany, do
hepeby declare the invention, for which we
pray that 2 patent may be granted ro us, gnd
the merhod by which it is to be performed, to
be particularly deseribed iy and by the following
staterient ;—

The invention relates 1o 4 process for the
catatytic hydvogenation of carbon monuxide,

The use of iron, cobalt and njckel catalysts
£38 InIEiuTes con-
sisting of carbon monoxide and hydrogen or
containing such gases in synthesis pioportions,
has been known for many years. Moreover,
mezals of the platinum group such, far exatnple,
@6 ruthenfuin, have also been suggested for
this purpese. For the synthesis of merhanol,
the use of coppe-containing  eatalysts and
oxide caiulysts such, for example, as zine
axide and chromium oxide catelysts, has beey
described.  Finglly, the “lsu-synthesis”, in
which carbon monoxide and hydrogen are
converted predominantly into branched-chain
hydrocarbons, can be cffccted with zood results
using oside catalysts such as aluminium oxide
and therivm oxide,

In the hydrogesation nf carbon monoxide
carried out with the use of metals of the iron
group that is iron, coball and mickel, for the
Purpose of recovering lignid aliphatic kydro-
carbons and oxygenared compounds, the use of
promofers has been known for a long time.
For this putrpose almost 21l of the metals and
non-metals of the periodic system have beon
used, pariicularly memmbers of the groups I,
T, ¥II, IV, and ¥, Amongst the promoters
which, accotding 1o the literature, are mest
frequently used, are the slkalis and the elements
thotfum, alumininm, silicon, ealciuig, mag-
nesinm and copper, depending o the type of
catalyst. It is known that even relati vely small
amounts are cfficetive to enkance the activity of

irice 35, 041

the catalysts. However, calelum, for example,
while being a good promoter for ron cafalysts,
has a detrimental effect on the activity of

cobalt catalysts, Likewise, the usc of copper

as 2 promoter i3 advantageous only for iron 5

catalysis, being disadventageous for nickel and
cobalt catalysts. Silver is <laimed to have a
similar cffect on iron catabysts 1o that of
copper.  The gquantity of promorer generaily
used Hes between approximarely 0.5%, and 5%
by weight, based o the meral of the iron group,
For izon catalysts, as much as abour 30%, Cn
based on Fe iy known, and in certgin cases
cven as much as 1009, This holds for the so-
called “roasted catalysts” which give un-
fuvourable resulis as regards vield and duration
of life. These roasted catalysis were used only
for the synthesis of hydrocarbors, In gencral,

G quantity of copper actuafly employed in
iron catalysts amounts to 34 by weighr or less.

According to the invention, g procest for the
Lydrogenation of carhon monoxide comprises
vontaceing u synthesis gas contaising carbon
monoxide and hydroger in synthesis Propor-
toos gt a remperature within the range 150°—
300°C, and at 4 pressure from armespheric to
100 atmospheres gange with a precipitated and
reduced catalysr containing cepper and a metal
of the fron group in a proportion by weight of
from 30: 50 to zhout 95: 5, together with ag
alkali-roetal compound wihich, calenlated ag
K40, is present to the extent of nor more than
50, by weight of the motal of the jon group,
the catalyst having been precipitated under
such conditions that the PH wvalue of the
precipitation solution upon completion of the
precipitation was in ths range 6—I11.

The syathesis is preferably effected a7 a
wwmperature in the range 190°—250°C, and at
a pressure within the range 1050 atmosphieres,
The catatyst may alse contain other promoters,
for cxemple, alkaiine earths, oxides of zine,
chromafum, aluminiam and thoriom, The
catalyst may also contain & supportng matcrial.

Synthesis products baving a high content of
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oxygenated compounds, particnlarly alcohols,
mzy be obrained by the process of the invention,
as may products which consist mainly of low
molecnlar weight hydrocarbons or of higher
molecmiar weight hydrocarhons of a high olefin
content,

"It s of advantage to usc bivalent copper saits
such, for example, as copper nitrate, copper
chioride or copper sulphate as stariing cum-
pounds for the catalysts in accordance with
the invention. Monavalent copper salts are
less snitable. The use of alkalime earths as
prometets is freguently of advantage. When
othcr premoters are wsed, they are advan-
tageotsiy used in the form of their saits, such
gy in the form of nitratcs, chiorides or sul-
phates.

The precipitation of the catalysts used in
accordance with the invention is advantageously
effccted ar temperatures of about 80° o 110° C,
with the addition of boiling alkeli solutions such,
for example, as sodium cerbonate, potassivm
hiydroxide, and ammonia. Precipitation tem-
peratires  below 807 C, are less snitable.
Although active catalysts may be oblained at
such temperatures, filiration of the precipitated
mass becomes more difficult 45 the remperature
decreases. It is of advantage to add the copper
und iron group metal soludon to the alkali
solution. The precipitarion tme should be as

‘short as possible. The concentration of ihe

salts in the solutions may be varied. The
preferred concentration is abomt 20—60 grams
of copper per litre. The alkali concentration
shouid be about 50—120 grams per firre in
the form of hydroxide or carbonate. Higher
and lower concentrations inay, however, alsc
be wsed. The precipitation itsclf may be
effected batchwise; a contirnous precipiration,

‘however, is particularly advantageous because g

more homogenous catulyst structure is obraincd.
Morcaver, the acrvity of the catalyst is in
general increased to a certain extent. Con-
tinneusly precipitated catalysis may be readily
reproduoced. el

The pH value upon completion of the pre-
cipitation is preferably between 7 and 9. In
vertzin cases, the use of supporting materials
such, for example, as aluminium oxide, kiesel-
gubr, and activated earths or cluys, such as
those marketed in Germany under the name
*Tonsil?, is advanrapeons for the catalysts
employed in the process according to the
invention.

Tpon termination of the precipitation the
catalyst slurry is advanmageously freed as
quickly as possible from the excess alkuli used
in the precipitation. For this purpose, the
slurry is washed as quickly as possible witl: hot
water, the use of both condemsate water and
tap water being possible. If i is desired to
cffect the synthesis so as to obtain a high yield
of oxvgenated compounds, the catalyst is
to be adjusted to an alkali-metal comtcnt
calculated as KO, of 1—509; by weight

based on the meral of the jron group present
in the catalyst. This alkati~metal content may
be obtained either by a partial washing of the
precipitated catalyst mass zndfor by a sub-
sequent impregnacion with alkali, particularly
advantageons results being obtained by the use
of potassium compounds.

f, on the other hand, the synthesis is to be
carried out sn 2s to yield synthesis products
rich in hydrocarbons, the afkali-meral convent
(cateulated a3 K,0) should be less than 5%
by weight of the metal of the iron group when
the weight ratic of copper: metal of iron group
is 90: 10, When the weight ratio of copper:
metal of iron gronp is 50: 50, the alkali-metal
content should De less than 1%, by weight of
the metal of the iron group. This alkali-metal
content is  advantageonsly mainteined by
extensively washing out the excess precipitarion
alkali. For the hydrocarbon synthesis, the
impregnaton of the catalyst mass with alkali-
metal salis af phosphorie, silicie or boric acids
has been found to be particularly advantageous,
When using aikati-meral salis of phosphoric
acid, 2 rario of alkali-metal oxide (calculated as
K,0) to P,Og of about 1: I by weight in these
catalysts 15 pardcularly advantageous, The
same holds for the impregnation with alkali-
tnetal salts, prefersbly potassium salts, of horic
acid, the preferred K,0:B,0, ratdo being
correspondingly 1: I by weight, When alkali-
metal salts, preferably potassium sales, of silicie
acid are used, it is preferred to maintzin a
Ko0: 810, ratio of berween 1:3 and 1: 6 by
weight with the use, if necessary or desired, of
an after-ncutralization with nitric acid,

By combining the measures for obtaining z
primary product with as high as possthle a
content of vsygenated compounds with those
for obtaining a primary product with as high
as iﬂssible a yield of low molecalar weighr or
high molecular weight hydrocatbons, it Is
possible 1o produce at will primary producs
which contain from abour 3%, w 709, of
oxygenated compounds, particularly alcohols,
referred to the total product,

After the impregnation it is of advantage 1o
mould the catalyst mass, the monlding being
preceded, if necessary or desived, by an inter-
mediate drying. Extruding presses or the ke
have been found to be particularly suitabie for
this purpose. For small outputs, mechanical
crushing of the precipitated and dried catalyst
mass  without previous moulding may be
sofficient under ceriain circomstances. Tn this
way, a so-called lump catalyst is obtained.
"Thereatfter, the catalyst mass 1s dried 1o a low
water conlent. This water content may be as
high as 15 but is preferably in the range
3%—B%, by weight. The drying temperature
shonld be between 50° £ and 150° C., pre-
ferably between 70¢ and 110° C,

The catalyst is reduced prior to use. The
use of law reduction femperatures Iying betweaen
150° C. and 300° C. gnd preferably between
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“opper content. The reduction temperature
is determined by the Particular usc to be made
of the catalyst.” In general, the symthesis of
hydrocarbons requires low reduction valyes of
preferably below 40%, and conscquently fow
reduction  temperatures and short reduction
periods.  Reduction valye a5 herein uscd
denotes the proportion of the metal of the irgn
groap which is in elementary form, Catalysts
for the formation of oxygemated compaunds
should lave reduction valucs of zbave 407,
and preferably of aboye 60%. They require
higher reduction terperatutes and extended
reduction periads. In all caucs, the use of high
£3s flow rates in the reduction js of advanta .
The gus flow rates He between 30 and 200 cm,/
second  and preferably  between 100 and
130 cm.fsecond, referred 1o standard con-
ditivns. This measurc has in addition the
advantage thar the thickness of the layer of
catalyst to be reduced may be increased very
considerably, For example, layers of n thickness
of from 50 cm, 1o 20 metres, preferably of
5—12 metres, may be used withog: encountcr-
ing sny substantial difficulty in obtaining 4
thorough and uniform reduction of the whole
mass, After the redoction the whole catalyst
mass has a substantially wnifirm reduction
value. According to the Prior art, the reducrion

in layers of & thickness of 1--35 cm,
It is 1he advantage of the new reduction
methad with thick layers thar, due to the jow
reduction  temperature required by the
catalysts (o be used in accordance with (he
invention, the reduction may be carrjed out
withour difficulty in the synthesis reactor itself,
therehy elminating the provision of a specig]
reduction apparatus.

The rcducing gas js conveniently nsed under
atmespheric pressure, It s pussible, however,
o operate with 2 sub-atmospheric pressure or
slight excess pressure, Recycling of the re-
ducing gas, which should he as free as possible
stom water and shoald advantageously conrain
Iess than 1 gram of waterfoum., is practicable.

The cavalysts according to the invention will
give pood rosults in the synthesis even at
atmospheric pressure, The composition of the
535 may be varied. from ahoyt 3 CO:1H, o
above 1 (CQ:2 H;. The best resghs are
vbtained when using pressures of more than
5 armogpheres apd preferably of more than
10 atmospheres gange, Owing to the excellent
activity of the catalysts, it is readily possible to
increase the gas Joad beyond the level so far
vsed in larvoe-scale Operation. For example,
300 litres and more of the synthesis gas per
litre of catalyst Per hour may be passed through
the reactor,

The purticular advantage of the catalysts
described above is their surprisingly favourahle
thermai conductivity, As a result of this, they
are less sensitive to temperature fgctuations

constituent is iron, mickel or

As with almost all caralysts,
recyeling, ie. the retum of 4
gas to the synthesis reactor,
It is also possitle 1o operate with a singlc ass
of the pas, The synthesis rcactor may e
cooled  with water, thus providing uniform
temperatures within the Tcactor. Ir is aleqn
possible, however, 10 yge other cooling media
which econsist, tor example, of several com-
ponenrs, thereby.providing the possibility of

' : ('

the use of gag
part of rhe tgil
is of advantage.

be obtained evern with singlc-stage operation,
multi-stage operation with the removal of 4
part of the carbon digxide forimed in the L
thesis is frequenily of advantage, Catulysr
layers of, for example, 10 mietres apd mare
may be nsed in the synthesis,

The fuvention js illustrateq by the fallowing

examples,

: Examprs 1

A solrtion consisting of copper nitrate ad
iron nitrate, the concentraiion of capper in
whicly was a proximarely 40 gramg per litre and
the cuppex/lioron weight tatic of which was
73: 25, wag continuously added in the hot siaic
{(%0° C, to 100° C.) to a hot solutjon of sudium
carbonate, which was likewise ar a temperature
of approximarely 100° C.; so that the pH value

uring the precipitation wag constaily ar

about 9 to 9.2, The concentration of the
sodium carbonate solurion was approXimaiely
100 grams of anhydrous Na,CO, per Litre,

The precipirated catalyst mass was washed
immedigtely with hot condensed steum so as to
be largely free from alkalis (0.4% of residnal
alkali, caiculated as K0, relatively to the rota]
catalyst mass) and was then impregnated with
potassinim carbosate in such manmer that, based
0n iron and calculated ag K,0, 329 by weight
vas present, corresponding tg 8% by weight
based on the rogal catalyst, “Ihis mass wag
then drjed in g drying chamber ay 1197 C. for
24 hours, disintegrated and steved to a grain
size of between 2 mm, and 4 mm,

Reduction of the catalyst was carried ont for
two hours at 300° C. with, the use of a mixhyre
consisting of 759, H, and 2UN,, ant shnost

Tn a so-caled double-tube Leactor (24 mm, x
44 mm.), 4.8 litres of this catalyst were used
with water pas in single pass operation ar a
synthesis pressure of 30 atmospheres gauge,
and a gas Ead of 100 litres per litre of catalyst
per hour. A conversion of 61% 1o 629 was
nbtained ar g4 temperature of 200° C, the
methane formation, hased on converted GO L
H;, being approximately 6%, (that is, of every
100 voinmes ‘of CO-|-H, converted, G volumes
were converted ingo methane),

The liquid product obtained comtained 339,
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of compenems having & boiling point above
320° C. and vontaining considerable amounts
{more than 45°,} of esters. A high proportion
of esters (above 40v.}, in addition to 87, of
alcohols, was also presemt in the fraction
boiling in the range 180°—320° C. The esters
in the fraction boiling i the range 100°—1807 C.
amounted to 15%,, while the proportion of
alcohols rose 1o 35%,. In this case the amounts
of aldeliydes and ketomes were approximately
8%, The rcaction water contalned Jlarge

- amounts of water-soluble oxygen-containing
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organic componnds, moze particularly aleohals.

When the gas load was donbled, the CO—H,
comversion amonnted to 629, at 218° C, and
the methane formation, based on converted
CO-—H.,, was approximately 7. The liquid
product conrained 29¢, of components boiling
ahove 320°C. In all fractions, thc content
of esters wus somewhar reduced, whilst,
inversely, the content of alcohols increased
accordingly in all fractions. '

With u gas load of 300 litres per litre of
catalyst per hour thers was ohrained at a tem-
perature of 226 C, o CO H, conversion of
62%,;. The methane formation, based on con-
verted CO—H,, was approvimarely 8%, The
liquid product contained 26%; of compunents
having a boiling polut of above 3207 C. As
compared with (he previous runs, the amount
of csters and alcohols remained practically
unchanged,

When the gas lad was increased to 400
volumes per volume of catalyse per howr, a
CO—H, conversian of 62.5%, was vbtained at
a femmperature of 2357 C., the methane forma-
tion, hased on converted CO--IH,, being
approximately 8.7%,, The vicld in csters and
ulcohols was slightly reduced.

* Finally, when the gas load was increased to
500 volumes per volume of catalyst per hour,
a CO--H, conversion of 607, was obtained at
242° G, In this case, the methane formation
amounted to 9.0%, based on converted CO-—
H,. The yield in esters a5 well s of alcobols
was further slightdy reduced, bur, for example
in the fraction boiling above 320° C,, the yield
of esters still amounied to 34°;, in the 180°%—
3207 C. fraction wa 329, and in the 100"—
180° C, fraction to 10%;. The cotresponding
amonets of aleohols were approximately 3%,
109, and 43°;, resllmec:tively. The reaction
water again contained larger amounts of uxygen-
confaining erganic compeunds of low molecular
weight. In the lignid product, the proportion
of compounds having a boiling poini of above
3200 C. was approximately 269,.

Exampre 2

In the same manmer as in Example 1, a
catalyst was produced wihich contained 10
patts by weight of iron per 100 purts by weight
of copper, and was impregnated with potassiom
carbonate in such manner that, based on the
copper present, 8%, by weight, calcelated us
K0, was present. The reduction of the

catalyst was effected under the conditions
described in Example 1.

A CO-=-H, conversion of 65, was obrained
in a test reactor similar to the synthesis reactor
used in Example 1, ar a synthesis pressure of
30 atmospheres gauge, using water gas at a
temperature of 236° C,, and a gas load of 100
volunes per volume of catalyst per hour, The
methane formation, based vn converred CO+
H,, was approxinmtely 8¢5, The liquid product
contuined 28°,, of components having a boiling
point of above 320° C. The ester content of
this fraction amounted to 36", the alcohal
content to 17%,, 329, of esters in addition to
L2%, of alcohols were present in the 180°—
320° C. fraction. 17°; of esters and 22°% of
alcohols were present in the 100°—I180° C,
fraction. The reaction water alse contained
farge amount of oxygen-comaining organic
compounds of low molecniar weight,

Exampir 3

Trom a soluden which conrained iron and
copper in the rato 1:1 by weight and the
metals in the form of their nitrates, the con-
centration being 45 grams per litre, 2 camlyst
was precipitated by adding this hot selution
W g gently boiling porassium carbonate solg-
tion. After the precipitation, Lhe pH value was
approximitely 7.1. After washing the pre-
cipitate in known manner, impregnation with
potassiom carbonave, calculated as K0, was
ctfected in such manner that 8 parts by weight
of X,0 were present for every 100 parts by
weight of iron. After drying at 110° C. for
24 hours, the catalyst mass was disintregared
and sieved to 4 gram sizc of hetween approxi-
mately 1.5 mm. and 3.5 mm. The reduction
was effected within 90 minutes at 300° (C,, a
linear gas velocity of 1.5 mierres per second
being used with hydrogen as the reducing gas.
The reduction value was approximatcly 627,

When this catalyst was used in cne of the
reactors above referred to at a synthesis pressure
of 30 atrospheres gauge and with water gas in
single pass operation, a CO—H, conversion of
729, was obtained at a tempetature of 200° C.
The methane formation based on CO-H,
was approdimately 7.7%.

When the same caralyst was used nnder the
same conditions with a gas comsisting of
approximately 50 parts of carbon monoxide,
40 parts of hydrogen, residual earbon dioxide,

nitrogen and methane, a CO-~H, conversion of

67% could be obtained ar a remperature of
198°C. The merhane formation was approxi-
matcly 4%, based on converted CO+H,.

When the same catalyst was used onder the
same conditions as hercinbefore described
and with & synthesis pas which contaimed
approximatcly 317, of CO, 61, of H,, residual
carbon dioxide, nitrogen and methane, a CO+
H, conversion of 55%;, was chserved at g tem-
perature of 1957 {I. In this case the methane
formation was approximately 79 based on
cunverted CO-4-H,.
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The Tiquid product of 2ll the rens contained
considerable “amounts of Oxygen-containing
organic componnds. Thug in the case fizst
referred to, 459! of esters and 3% of glcohols
were present in the fraction bailing above
320° C., 3% of esters and 179, of aleohols in
the 180" —3na° ¢, fraction, and 14540 esterg
and 32% of alcohols in the 0 —~jgo° ¢,
fraction. In addition, approximately 79, of
carbonyl compounds were found in this frac-
tio, The proportion of products boiling above
320° C. was 4pproximarely 319, based on the
Liquid product.

inthe case of the gas rich in carbon menoxide,
the proportion of products bailing above 320° C.
amonnted to 529, based on the Lguid product.
Here the ester portion was Approximately 509/
in addition to 3o of alechols. Tn the 180°—
320° C, fracrion the estey conteal amonmnied to
30% in addifion 1 10% of alevhols: the
100°—180° €. fraction comtained (3% of
&SteTs fu addition to 319 of alcohols, The
content of carhonyl COmpounds was approxi-
mately 9% in the 100°—180° C. faction, and
3% in the 180°320° C, fraction,

Fioally, when the hydrogen-rich a5 was
used, the liquid pruduct conrained 359, of
componenis Iaving a boiling point aboye
320°C. The ester contens had then dropped
0 29%, and there were also preseat 74 of
alcohols, The ester content In the 180°—
320° C, fraction amoumted 1o approximataly
239, in addition ro 30% of aleohols, and in the
100°—180° . fraction o 7% in addition to
41%, of alcahols. 6% of carbonyl compormds
were found in 100°—180° (. finction, and
approximately 3% in the 180"--320° €3 frug-
tion,

Exampig 4

In the same mnunner ay that deseribed in
Example 3, a catalyst was precipitated which
Consisted of 75 parts by weighi of copper and
25 parts by weight of jrog, After washing in

OWR manner, immvregnation of the precipi-
tated mass was effected with secondary potag-
sium phosplhare in such magner that, based op
the amount of iron, the same amonnt of
potassium phosphate, calculated gs K0, was
present in the caralyst. After drying und dis-
integrration, likewist in known mygnner, re-
duction with hiydrogen was effected for 2 hours
at z temperature of 200° C, and ut a £as
velocity of 1.5 metres per sceond,

In a synihesis reactor as employed in the
preceding Examples, warer pas being used at
2 temperature of 21¢° G, rthe CO+11, cons
version obtained was 65%, the methape
formation being approximately 5% based on
CO+-H, converted, The synthesis pressure
was 30 armespheres gange,

The Tiquid product obtained contained 369
of components having a boling point of above
320° C. The ester content thercof amoumnted
10 35%, and the alcohol content ro 3%. Inthe
i80°—320" C, fraction, the ester content

amoumted to 3597 and the alcohol copteny fo
10%, and In the 100°—180° ¢, fraction the
€sier content amounted 1o 177 and the aleshol
comtent to 4597,

What we claim is:— (]

L. A process for the hydrogenation of carbon
monoxide, which comprises contacting a syn-
thesis gas containing carbon monogida and
hydrogen in synthegis Proportions at a tema
Perature within the range 150°~300°C, and 75
at a pressute {rom atmoespheric to 100 atmg~
sphercs gange with g precipitated and reduced
catalyst coniatning capper and a mewl of the
iron gronp in g proportion by weight of From
50: 50 to abour 05, 5, together with an alfkalj- 80
metal compound which, calculated ag K0,

18 present to the cxtent of 1ot more then 50%

by weight of the metal of the iron group, the
catalyst having been precipitated under such
conditions that the pH value of the precipitation g5
solution wpun completion of the precipitation
was in the range 517

2. A process according to claim 1, in which
e caralyst contains gther compounds known
W bz effective gg promolers in the catalyric gg
hydrogenation of carbon monoxide, such as
alkaline earths, oxiges of zing <hromium,
aluminiun and thorium,

3. A process according to claim 1 or claira 2,

11 which the catalyst i supporicd, 05

4. A process according to any one of the
preceding claims, in which the temperatore is
within the range 100°—250° C.

5. A process aucording to any one of the
preceding claims, in which the pressure i 100
within the range 10—50 atingspheres,

6. A prucess Accurding to any one of the pre-

{ s, in which the Drecipitation of the

operation, ' 105
7. A procegs according to any. one of the
preceding claims, in which the PH value apon
completion of the precipitation of the catalyst
was in the range 7—9, .
B. A process according to any one of the 110
preceding claims for vbtaining a product rick
in OxXygen-containing organic compotnds, in
which the aikali-meral cempound is introduced
by impregnation of the precipitated catalyst
mass andfor by partisl washing of the pre- 115
cipitated mass.
9. A process according o any one of clajms
Ito 7 for obtaining a producr which consists
chiefly of hydrocarbous, in which the amount
of alkali-mets] compound, calculated ag K0, 120
vatics from less than 5% by weight of the
metal of the frgn Btoup when the weight rario
of copper: meial of iron group is 90: 10 o
less than 19 by weight when the welgtht ratio
of copper: meta] of fron group is 50: 50, 125
10, A process according to claim 9, in which
the alkali-meral coprent of the catalyst is
adjusted by washing the mass obtained upon
precipitation of the catalyst by an alkal;,
11. A process actording 1o any one of claims 130



6 767,712

10

30

1 107, 9and 10, in which the catalyst conrains an

alkali-mcral salt of phesphoric acid, silicic acid
ot boric acid introduced by impregration.

12, A process according (0 claim 11, in which
the catalyst mass has been impregnated with an
aliali-metal salt of phosphoric acid w give a
K0: P40y ratio in the catalyst of abour 1:1
by weight.

13, A procesy according to cladm 11, in
which the catalyst mass has been impregnated
with an alkali-meial salt of boric acid to give
a K,0:By0, ratic in the catalyst of abomr
1: 1 by weight.

14. A process according to claim 11, in which

> the catalyst mass has been impregnated with

an alkeli-metal salr of silicic acid to give a
K,0: 8i0, ratio in the catalyst of from 1:3
to 1: 6 by weight.

15, A process uccording to claim 14, in which,
after impregnating the catalyst mass wirh the
atkali-metal salt of silicic acid, the K,0: 8iQ,
ratio is brought within the given range by
neutralisation,

16. A process according to any onc of the

1 preceding claims, in which the alkafi-neral in

the alkali-metal compound is porassium.

17. A progess according to any one of the
preceding claims, in which the reduction of the
precipitated catalyst muss was effected with
hydrogen andfor carbon monoxide-containing
gases attemperatutes in the range 150°—300°C.

18. A process according to claim 17, in
which the reduction of the caralyse was effected
at a tempuratare jn the range 150°—250° C,

19. A process according to any one of the
preceding claims, in which the reduction value
of the metal of the iron group in the reduced
catalyst is helow 40%, when the caralyst is to be
used for a hydrovarbon synthesis,

20. A process according to any one of the
preceding claims, in which the reduction value
of the metal of the iron group in the reduced
catalyst is more than 40°%;, preferably more
than 607, when the catalyst is to be used for
the production of products rich in oxygen-
containing organic compounds,

2t. A process according to claim 17 or
claim 18, in which the Aow rate of the reducing
gas is In the range 30—200 centimetres per
second. .

22. A process according to claim 21, in
which the flow rate is in the range 100150
centimerres per second.

23. A process according to any one of the
preceding claims, in which the caralyst mass
has been reduced in a layer of 4 thickaess of
from 50 centimetres o 20 metres, preferably of
from 5 metres to 12 metres.

24, A process according to any ome of the
preceding claims, in which the metal of the fron
group present in the catalyst is cobalt or iron.

25. A proeess for hydrogenation of carhon
monoxide carried out in the presence of a
precipitated catalyst containing copper and a
metal of the iron gronp in a proportion by
weight of from 50: 50 1o about 95:5, sub-
standaily as hereinbefore described,

26. A process. for rhe catalydc hydro-
genation of carbon monoxide, substantially as
hereinbefore described with reference to any
onc of Bxamples | to 4.

27, Hydrocarbons and Oxygen-containing
organic compounds, whenever produced by
the process of any preceding claim.
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