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COMPLETE SPECIFICATION
Catalysts for Carbon Monoxide Hydrogenation

We, BUIROIBMIE ARTIENGFSELLSCHAFT,
Uhe_rﬁzmsen,f Holten, - Germany, a Ger-
man Company, and Lorer GESRLLSCHAFT
prEr  \WWiRRMETECHNLG M., H., Franl-
fort  a.M.-Heddernlwim, Germeny, a
Germun Company, do lievehy declare the
invention, for which we pray that a
potent may he grauted to us, and the
method by which it is to be performed, to
Lie particularly deseribed in and by the
fullowing statemaent ;- .

The invention zelates to the catalytic
hiydrogenation of carbon monoxide using
iron catalysts. .

Fur carrying owt the catalylic hydre-
wanation of carbon monoxide with hydro-
gen, iron eatalysts of various kinds are
Loown, such as fused cutalysts, sintered
cutalysts or precipifated catalysts. lused
catalysts aré prepared by the fusion of
jvon powder in an oxidising atmosphere,
disinfegrating the {ased mars and redue-
ing the catalyst pariicles thus obtained
in a streem of hydrogen, the reduetion
if necessary or desired,
by an wlkalino impregnation. 1n the
preparation of the sinfered catalysts
hitherto known, vnly a sintering of the
iron powder has been carried out, pre-
ceded, if necessary or desived, by an alka-
line jmpregnation. The sintered mass has
then been disintegraled and reduced in
a atream ol hydrogen, . ]

Water-soluble iron salts, chielly irom
uitrates, have generally been used for the
preparvation of precipiinted oatalysts. Tron
sulphate, irom chloride and iron salts of
orgamic zeids or mixtures of these com-
pounds have also been suggested. Pre-
cipitation of these solubla iron salts has
Poen earried out with alkaline-reacting
compounds 1 the presence, 3t necessary or
required, of promofers, such as copper,
silver, caleinm, barium, titaninm and
chromium. Alksli-metal bydrosides and
carhonates, and ammenia and cul;lj:_rounc'ls
of ammonia are known as precy pitants,
The precipitale obtained is in general
filtercd under a khigh degree of suelion,

[Price 2181
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washed and subsequently, if menessury,
impregnated with alkali followed in most
cases %y woulding for the purpose of
obtainine a particle of maximum resisi-
snee to ahrasion. This moulded grain is
subsequently dried at temperatures of
approximately 100° C. _

Prior to being used in .the bhydrogena~
tion of carbun monoxide, the catulysls
ars pretreated with reducing gases at fem-
peratures between 100° € and 350° (. at
various low rates.

Although heving goed activiky, pre-

cipilated calalysis, in contrast to fused
and sintered catalysts, frequently have
the disadvantage of disintegrating dur-
ing reduction with the formabon of
undersize particles or catalyst dual even
though the catakysk partie])::s huave been
moulded prior to raduclion. Removal of
these smaller partieles after reduction is
difficult sines the reduced catfalyst par-
ticle ig highly pyrophoric dnd sensiiive Lo
air. en currying oul the zreduclion of
the eatelyst in the syniliesis reactor
itself, the disadvantages are partienlarly
ohjectinnable sinne, when thea precipitated
catalyst is being charged into the reactor,
olwtructions by the cotalyst dust or yuder-
size purlicles may oceur, This may result
in difficuliies, uot only in the synihiesis
itself, but chiefly in 'hi’le subsequent dis-
charging of the synthesis reactor.
_ 1t Las now heen found, according to tho
invention, that the strength of the par-
ticles of an irvn-conlaining precipilated
catalywt for use in the hydrogenation of
carhon monoxide may be increased by
admixing iron powder with the axide,
hydrnxife or carbomate of iron which is
precipitated Irom a solution of an iron
salt by un alkeline medium, the catalyst
wess belng then mounded andfor dred
and afierwards reduced at a temperainre
within the range 100°—400° C.

The iron powder may be prepared by
mechonical, chemical or physieal pro-
cosses. Mcchanieal provesses iuclude all
processes in whick mechanical means are
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employed in the production of a fine

‘powder, for example, (e vourse and fine

crushing of eompact iron metal In
crushers and mills, in the presence of a
Hquid, sueh as water, or otherwise.
Chemiea] processes inelude the reduetion
of iron compounds, parficulerly the
pxides, with gaseots reduciug ugents, ‘the
redurtion of iron ores and technical
oxides with solid reducing agenis, aw
the decomposition of atomized carbongls
or of alomized solutions of carbonyls.
Physical processes comprise electrolytie
processas and the like. .

The particle size of the iron powders
such as are usad, for cxample, 1n
numervis metallurgical purposes, 13 pre.
farably from 10 miecrons fo 250 microns,
advantagecusly Letween 30 microos and

20 80 mierons. The structurc exhibited by
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the iron powder under the mieroscope
should be as irregular as 1};105511119. sinea
experience has shown that the greater the
irregnlarity of strueture or shape oi the
powder, the greaier the strength of the
caiglyst particles.

The iron powder iz advantageonsly nsad
in the form of the pure iron powder. L 1s
possible, however, to use an iron powder
which coniains o eatalyst promoter, suek
ae  chromium, manganese, [iluninm,
tungsten, an alkall yr an alkaline eurth
metal enmpound. _

In the preparation of the catalysis

avcording to the invendion, the imitial.

precipitate, with or withoul promoters, s
prepared in the usual manuer; the quan-
tity of iron in the solution of the iron
salt from which fhe precipitate is pro-
duced being less by that quaniity which
is to be addeéd gs irem powder. The precipi-
tation 13 varricd oui jn known manner
from solutions of the iron salts herein~
before referred 1o, ai temperatures of, for
example, from 50° C, 1o 100° C. with use
of n hot sohwtion of ap alkali-metul
Lydroxide or alkali-welul carbonate as
precipitant. Immediately wpon precipi-
fation, the iron powder i stirred into and
admixed with the precipitate, an efficient
stirter being advanlageonsly nsed for this
purpose in order io ﬁigtrlhuﬁe the 1ron
powder gs unitormly us possible through-
out the precipitate. The guaatity of mron
nsed in the form of iron powder may be
as high at 80 per cent. Experimeuts have
shewn, however, that optimum effect ix
oblained by adding approximately 25—3a0
per ceni. of the total irom content
of the catelyst in fhe form of iron
powder. . .
The catolyst mass Is then processed in
known manner, that is to suy, 1t is washed
severnl times, followed, 1 neccssary or
degired, by an impregnation with » pro-

moter or with promoters 1o glve
a cnlulysf of the desired  constitution.
In gertain eirenmsiances, (e exient
of washing of the catalyst  anuss

meay he retmeed sa that n part of ile I

allali-motal compound used as preeipi-
taut or produced Jduring precipitation,
remains 10 the eatalyst mass, The step of
washing 1is expediently followed hy
mouldine. T has been found, howevsr,
ihat by ﬁr‘ylng the moist cotalyst mass at
approximately 110° C.. crushing the
dried mass and screening the crushed
mass to a parficle size of approximately
1 v 3 mm., a catalyst is obtained, the
strepgth of the particles of which, parii-
cularly upon reductiow, is considerably
superior to that of previpitated valalyats
peepared  without admixture of 1ron
powder, :

The process aceording fo the invention
is suitable for the preparation of cata-
Iysts which promoie the forwation of
hydrocarhons as well as those which pro-
mote the formation of vxyeen-containing
arganic compounds in the bydrogenation
of earbon monvxide. Where the svnthesis
is o be vapried oul for the preferred for-
talien of hvdrocarbons, the iron powder
iz admixed with a precipitate which con-
tains more or less larpe quantities of
alkali, preferably EK.0, together with
more or less large amounts of a radieal
of a non-volatile acid, sueh as a silicate.
o borate or a phosphate, The catalyst
should bave u comparutively low reduc.
tion value, thal is lo suy, not more than
AL of its total iven eontent should Le
i the form of free iren. When the cata-

Iyst is to be cifective iv promote the fo~

mation of hydroearbuns luving boiling
noiuls nut exceading 2007 €., the irom
powder iz ndmived with a precipitate to
vield a cotalyst whieh contains from 1 to
6 parts, prefurably from 2 o 4 ports, of
alkall {valeulated ns IO per 10U purts of
the total irow confent and frem 3 te 15
paris, preferably 3 to 8 parts, of the radi-
cal of the non-valatile arid (ealenlated gs
the acidie oxide) per 1000 parts of the
total iron eontent of the catalyst. I 1he
catolyst is {o promote the formution of
hydroeurbons  haviug  boiling  points
bigher than 200° (&, the iren powder i3
admivad with a precipitate fo yicld a cata-
Trst which eontsins move than 15 puris,
preferably from 15 lo 30 par(s. of the
radicul of the non-volatile acid (caleu-
luted vs the acidie oxide) per 100 parts of
the tatal iron content of the eatalyst and
from & fo 1t% parts, preferably from 4 to
8 parts, of alkali {calenlated as R.OJ per
100 pariz of the total irom confent of the
vatalyst, Whan the eofalysl iz to ha used
to promate the formation of oxvgen-con-
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tainipg orgaunic compounds, the iron
powder is admixed with » precipitate to
vield n vatalyst which contains from 4
tu 15 parts, preferably from 8 fo 12 parts,
5 of ap alkuli-metal compound or vom-
pounds {caleulated at K,0) per 100 parts
of its tota] iron content. The compounds
employed are preferably potassivm com-

pounds.

18 * (atalysts of this kind may also be used
with particular advantage m a synthesis
in which ammonia aod/or an orgamic
amine which iz gaseous under the syn-
thesis conditions, is or are added to the

15 synthesis gas; such o synthesis is des-

oribed in Patent Application No. 693250

{Serial No, 872,409). In such o synthesis,

the alkali is preferably introduced inio

the catalyst as an alkali-metal salt of a

non-volatile aeid, for example, ag u phos

phate or u siliente.

Reduction of the catalyst according to
the invention is carried out in Eknown
manner using reducing gnses, sueh as
25 Lydrogen, cerbon monexide or their mic-

fures. Reduetion temperatures = are

hetween. 100° C. wad 400° C., preferably

20

Hetween 200° C. and 350° C, The use of a -

Ligh gas velocity in the reduction
30 (approximately §0—150 metres  per
second) is of advantege, chiefly because
the redwetion may then be corried ont
with the catalyst particles in o layer of o
thickness of 1 metrs or more.
35 The catalvst moy be used In syathesis
- carried out at atwmospherie pressure. How
sver, elevated prossures between H and
100 atmospherss gauge, preferably
botween 10 and 40 atmospheres gauge, are
40 of partienlar advantage in lhe synthesis
Giez londs or space veloeifies mway e
varied within wide limits depending on
the purpose and the object of the syn-
thesis; tha gas load may be from 10 to
45 1000 volumes per volume of cafalyst per
hpur, and is advantageously from 104 {o
500 volumes per volume of catalyst per
Lour. The synthesis may bhe carried out
as n single puss operation, that i to say,
80 without recycling of exit gases, or exit
gases may ba recyeled using a recyele ratio
(reryele gas/synthesis gas) of [rom 0.5:]
to 10:1, preferably however with a
recyele ralio from 1:1 to 4: 1.
86  The synthesis may be carried ont in one
or more stages, scrubbing of the gases
- for ke removal of GO, being carried out
between |he individual synthesis zlages.
Both gases vich in hydrogen and gases
&0 rich in earbopn mongxide may be uged as

synthesis  gaszes. CO:H, rativ of
approximately 1:1 to 1:3 Iz of advan-
tage.

The inveniion is illustrated by the fol-
86 lowing examples;—

Exayrerz L.
Iron nitrate was disgolved in water and

“preeipitated with an aguevus solutiom of

sodiuzn, carbenate at boiling femperature,

in such a manmner Lhat the pu value dur- 70
ing and after the preeipitation was 7.
The same quantity of iron as that pre-
gent in the precipitate was then added in
tie form of a powder of from 20 to 80
microns parlicle size, while vigorously 75
stiveing with a turbo stirver. The catalyst
mass was filtered and largely freed from
precipitation afkali by repeated washing
with hot dislitled water. The washed catac
Iyst mass was then impregnated with a 80
solwtion of potassium sﬁieate to give the
mass acontent of 3 per cent. of .0 and 7.0
per veut. of S5itd, hased on the total iron
vontent of the catalyst mass. The catalyst
mass then dried at 105° C. for 24 hours. 8B
Afisr erushing and zlevipg to a particle
gize of between 2 and 4 min. the calalyst
was charged into a synthesis reactor and
reduced for 4 hours at a temperature
which was increased Trom 2007 . 1o 230° 00
C. using water gas af flow rales of 1.2
metres por second. The catalyst was then
placed on stream at o synthesis pressure

of 20 atmospheres and at o temperature

of 246° C. using a gas load of 100 litres/ 05
hr. of gas per Iitre of catalyst. The cou
version, obtained was 88 per ceni.
{CO + B,), while 6 per cent. hy volumse nf
methane, calculated on (CO+ L) con-
verted, were formed.

Upon. completion of this run the same
catalyst was used with twice the load of
water zas and at o synthesis temperatura
of 264° C. A conversion of 65 per cent.
(CO +H,) was obiained, the methene for- 105
mafion heing 7 per cent.

When the synthesis was carried oul
with gas recycling the same conversion as
thal obtained in the first Tun (68%) was
altained al & temperafure which was 110
approximately 10° . lower, with a
methang formaiion reduced fo approxi-
mately 4.5 per nent. When the synthesis
wag carried out with the fresh symthesis
gae load uscd in the second jun by& with 115
gas recyeling {ratio of sywthesis gus to
recyeled gus approximately 1:3), the
sama couversion (B3%) was oblained al a
temperasinre which was 12° lower,
namely ot 252° ., with o methane forma- 120
tion of approximatcly 6 per cent.

100

Axawmrrs 2.

A catalyst mass of the same composi-
tion ag thet used in Example 1 was
reduced in a separate reduelion apparatus
nad pot in {he reactor ilsell, The reduc.
tion wag earried out at 280° C. for a
periad of 75 minutes with a gas mixture
consisting of three volumes of hydrogen
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and one volume of nitrogen of a Hueay gus
veloeity of 1.2 metres per second. Using
water gas at a synthesis pressure of 20
atmospheres u gas load of 100 litres of gas
per litre uf ecatalyst per hour and a tem-
perature of 248° C., o (€0 +H,) conver-
sion. of 64 per cent. was obtained, with 2
methane forwntion of approximately 7
per eent.

Exavere 8.

100 paris ol ivon and 2{} parts uf vopper
in the form of (Leir nitrafes, were previ-
pitated from a boiling agueous solution
by 2 Doiling selution of sodivm carbonate.
The p of the seletion upen complelion
of the pracipitative was 9.1 Imuediately
thereafter 100 paris of iron powder of o
purticle size of 4040 micruns were added
with vigorous stirring and the whole mis-
ture was filtered in the hot state. The
catalyst mass was thoeroughly washed
with” hot distilled water and was then
impreguated with K,CO0, 5o that the mass
pontained 10 parfe of the alkali-raetal

5 eomponnd (calculated at K,0) per 100

parts of the fotal amount of iron present.
The catalyst mass was wmoglded in an
extrusion. press into thread-like particles
of 8.5 mm. diometer and subsequently
dried for 24 hours at 110° C. In a redue-
tion apparalus (he catalyst was reduced
for 1 hone at 300° C. using « hydrogenf
nitrogen mixture at a linear gas veloeity
uf 1.3 metres per second, 72 per cent. of
the iron content of the cainlyst was then
present in the metallic form. The eata-
lyst was charged into a synthesis regetor
and operated wilh water gas at a synlliesis
pressure of 30 atmospheres with o space
velocity of 100 volumes vf gas per volume
of catalyst per hour. At o resction fem-
peralure of 195° ., a {CO+H,) conver-
sion of 62 per ecnt. was ebtaimed with
a methane formation of 7 per cent. The
reaction produnct conlained approximately
97 per cent. of alcohols, and approwi-
maiely 3 per cent. of aldehydes in addi-
tion, fu approximately 20 per cent. of
esters.

TUpon termination of this run, the sume
catalyst was used with the water gas at
Juuble the space veloeily of the previous
run, at the same synthesis presswre hut
with o synthesis temperature of 215° C.
57 per cent, of (CO+H,) were converted.
Approximutely 25 per cent. of aleohols
and approxinmulely 3 per cenf. of alde-
hydes in addition lo 23 per cent. of esters
were confained in {le reaction product. .

Examriw 4.
A hoiling solution containing 40 grems
of irnn, 2 grams of eopper and 4 grams of
Cal) in the form of nitrates was rapidly

e e et ——

added te a hoiling solulion of wodinm car-
bonate confaining 92 gramsflitre of
anhydrous Na,C0O,. Tpon terminalion of
the preeipitation ihe pm value was 7.1
Immniediately following this. a terhnieal-
grade iron powder of a pariiele size of
between 20 amid 6 inicrons was sfivred jnto
the previpitate in such a_guantity that
40 per cent. of the total dron present
in the mixture wag in the farm of iron
powder. The colalyst sluxry was washed
with hot distilled water until the resi-
dual content of alkali was approximately
0.5 per venl {caleniafed as K,0) hased
on the fotal iron present.

10 kilagrams of this calalysk mass hax-
ing an Fo content of approximately 25
per cent, were stirred hy means of a turho
gtirrer willh 10 litres of distilled water at
a temparatare of whout 307 C. to give m
a homogeneons suspensivn, To tlis sus-
peusion technical-grade potassinm sili-
cule containing ahout 8 per cent. of K0
and shoul 20 per ccut. of Si0), was added
in an ameunt to give 25 parfs by weight
of 8i0, per 100 parts by weight of told
iron. The pa of ihe saspension was §)
adjusled 1o 7.1 by the addition of nitme
aeid of a conceniration of abemt SU per
cemt., whereupen tlie suspension was fil-
tered affer heing quickly }waied lo 30° (.
After a brief period of intermedinie dry-
ing, the catalyst mass was monlded inta
filumenis by means of an extrusion press,
sad the moulded particies were dried for
24 hours at 104° .

The reduclion of the eatalyst was car-
ried out for 90 minutes at & linear wus
veloeity of 1.5 raetres per second and at
a femperature of 310° €, with o gas mix-
ture cynsisting of three volumes of hydzo-
Len a_nd one volume uf nitrogen.

Using a gas loud of 200 litres of wuler
gas per litre of the eatalyst per hour, a
synthesis pressurg of 30 otmaspheres and
o temperature of 2637 C. o (U0 Hoeon-
version ol §3 per cent. was  obtained. 110
Methune formalion wus approximately 3
per cent. '

What we elaim is:—

1. A process for the production of an
jron eafolyst for use 1m the eatalylic 115
hydrogenation  of carhon  menoxide,
which comprises preeipitating an oxide.
bydroxide or curbonate of lron from a
solution of an iron salt by means of an
alkaline medium, admixing iron powder
with the precipitate, moulding andfer
drying the eatalyst mass, aud reducing
ihe catalysl mass at a tempersiure wilhin
the range T —od(id® (7,

2. A process aceording to elaim 1, in
wlhich the added trop powder ronstitntes
net mare thon 809, Dy weight of the
total quantity of iron in the catalyst-
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3. A process according to elaim 2, in.
which the added iron powder constitutes
from 25% to 50% by woight of the total
quantity of lron 1n the catalyst.

4. A proeess goeording tu any one of
the preceding claims, in which the par-
{irle size of the added irom powder is
within the range 10-—250 microns.

5. A process accordiug to claim 4, in
whick the pariicle size of Lhe iron powder
$% wikhin tbe range 20-—80 micrens.

. A process acvording to any vae of the
preceding claitns, in whish a promoter,
uch as ehirominm, mangances, titanium,
tungsten, an allall or an alkaline earlh
melal compound, is coniuined in the
added jron powder.

7. A process according to auy onc of the
preceding elaims, in which the irem

owder s admized with a precipitate
which yields s catalyst effective to pro-
mote the formution of hydrocarhons i,
the hydrogenalion of earhon monoxids,
the calalyst montaining, in addition to an
alkali (preferabgy K.0), a radical of 2
son-volatile asid, such as a silicats, &
borate or a phusphate, not more than 0%
of the total irom in the catalysé belng in
tho form of free iron.

& A provess according to elaim T, in
which the cutalyst is effcetive to promote
the formalion of hydrocarboms builing
Yelow 200° C., the catalyst contalning
from 1 to 8 parts of alkall {ealculated us
K,O) ond from ¥ to 15 purls of the radi-
eal ol the nou-volatils acid (calenlated

‘a8 the acidie oxide) per 100 ports of the

fotal iron content of the catalysb,

. A process aecording to elaim 8, in
which the catalyst contains from 3 to 8
parts of the radical of the nou-valatile
ncid, preferably 810;, and from 2 ta 4
parts of ulkel, preferably X,0, per 100
pasts of the total iron content of ‘the
catulyst,

10, A process aueording to ¢laim 7, in
which e catalyst is cliective o promote
the formation of
shove 200° €., the uatalyst contaiping
from 4 to 10 parts of alkali {caleulated
as K,0) and more thun 16 parts of the
radical of the mom-volatile acid (ealeu-
Jated oy the acidic oxide) per 100 parts of
+he total iron conicnt of the catalyst.

11. A process uceording to vlaim 18,

Liydroearbons  boiling

ip which the catalyst contains from 15 to
30 parts of ihe radical of the non-volatile
acid, preferably 8i0,, and from 2 to 8
parts of alkali, preferabiy E,0, per 100
parts of the total iron wonbent of dhe
eatalyst.

12. A process mocording to any ove of
claims 1 to &, in which the iron powder
is admixed with & pracipitate which
vields a catalyst effeciive to promet the
formation of osygen-containing orgamic
componnds in the hydrogenalion of car-
bon wmonoxide, the catalyet eoutaining
from 8 to 15 paris of an alkali-metal vom-
pound or compounds {calculated at K,O)
per 100 parls of the total leon comtent of
the entalyst.

13. A process gecording to claim 1%, in
which the alkali-metal compounds are
potassium compounds, :

14, A process according to claim 12 or
claim 13, in which the catalyst contains
from & to 12 parts of the alkali-metal com-
pound or compoands per 100 parts of the
iolal iron comienl of the catafys’c.

15. A proeess according to any onc of

the preceding claims, iu which the cata-
lyst mass iz reduced -ai a temperature
within the range of 200°-—350° L.
16, A process for the production of an
iron catalyst, substantially as herein-
efore deseribed in Exemple 1, Example
3, or Example 4.

17, A process for the produetion of an
iron catalyst, substaniially as herein-
before daseribed.

18. An iron catalyst whenever produced
by the process clalmed In any one of the
preceding claims.

19, A provess
of carbon monoxide, whenever carried out
in the presence of anm iron. calalyst pro-

duced by the process of any one of clalms
110 17,
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20. A process according to claim 19, in 140

which ammonia and/or an organic amine
which is gaseous under the synthesis con-
diticus, is added to the synthesis gus.
21. A process acearding to claim 19 or
Jlaim 20, in which the bydrogenalion is
affected ot a gauge pressure within ihe
range §~-100 atmospheres.
EDWARD BVANS & CO.,
14— 18, High Holborn, Yiopdon, W.C.1,
Agents fur the Applicants.
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w vt e e e aaes e g
gennlion of carhon monovide with hf{rdru-—
zen, irm eatalysls of varicus kinds wre
known, such us fused catalysts, sinterad
catalysla or precipitated catalysts. Tused
calalysta are yrepared by the fusion of
iron powder in an oxidising atmosphere,
disintenrating the fused mass sud reduc-
ing the catalyst particles thus obtained
in o strenm ol hydrogen, the reduction
hetug preveded, if necessary ar desived,
by oan alkaline impregnation. In the
nreparation of the sintered ecatalysts
hitherto known, only a sintering of the
iron powder has been esrrled vai, pre-
codedl, if wecesaney or desired, by an alka-
line impregnalion. The sintered mass has
then heen disintegrated and redured in
& slream of hydrogen,

Water-soluble wron salts, chiefly iron
nitrafes, have generally been used for the
preparation of precipitated eatalysts, Trom
sulphule, irom chloride and ivon ealts of
erpanic aeids or mixtures of these eom-
pounds have alzo heen suggested. Pre-
ripitation of these soluble irou salls has
been enrried out with alkaline-reacting
compoeunds in the presence, if necessary or
required, of promoters, such as eopper,
gilver, caleium, havium, titanium snd
clirominm, Alkali-metn]l hydroxmides and
earhonates, and ammenia and compeunds
of pinmonia are known as precipliants.
The precipitate obtained 1z in  penoral
fliered under a lugh degres of suction,

[Frice /8]
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the disadvantage of dism’regrntin@; dur-
ing reduction with the formulion of
undersize particles or catalyst dust even
though the eatalyst parlicles Love heen
moulded prior to reduction. ltemoval of
these smaller particles aficr reduetion s
difficult since the reduced catalyst par-
ticle is Lighly pyroploric and sensitive to
air, When carrying out the reduetion of
the calalyst in the synthesis reacior
itsell, the disadventages are particularly
objectionable since, when the precipitated
catalyst is being cliarged indo the reactor,
nbst'ruetipna by the catalyst dust or under.
smse particles may oceur. This may resull
1 difficulties, not valy in the syntlhesis
itself, but ehiefly in the subsequent dis.
charging of the synthesis reactor.

. Ithas now been found, according io the
Ivention, that the strength of the par-
ticles of an iron-coptuining preeipifated
entalyst for use in the bydrogeuntion of
carboe mounoxide mar he increased by
admiving iron powdér with the oxide,
hydroxide or carbonate of iran which i
precivilated from a solution of an irow
sall by an alkaline medium, the eatalyst
muss heing then monnded audfor dried
and afterwards reduced at o temperature
within the range 100°—400°
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The iron powder may he prepared by 45

wechanical, ehemical ‘or physieal pro-
cesses. Mechanical processes include nll
brocesses m which mechanieal means nre



