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Process for the Catalytic Hydrogenation of Carbon Monoxide

We, RunromsMmis  AKIIENGESTLL-
scoarr, of Oberhansen-Holien, Germany,
a German Compsny, and Toreas GESELL-
SCHATT FURR W AERMETRCINIE u.B.H., of
¥rankfurt s Main-Heddernheim, Ger-
many, a German Cowpany, do hereby
declare the invention, for which we pray
that a patent may be granted to us, and
the methed by which it is $o be performed,
to be particularly deseribed in and by the
following statement:—
" The invention relates to a process for
the catalytic hydrogenaticn of carhon
monoxide wherein produsts having » high
ennbent of oxymen-vontaining organic
componnds are obiained.

Tt is known thut fixed-had iron, cobalt,
and mickel catalysts having o partiels size
of approximalely 3 mm. to H mm, are nspd
in the hydrogenalion of varbom monoxide
for the production of hydrocarbons; small
smounts of oxygen-containing organie
sompounds sre also generolly presemt n
the synthesis products. Hitherly, no sddi-
tional effect with respeet to comversion,
vield or quality of the synthesis produeis
onald be obtalned when using calalyst
particles of o diameter of less than A mm,

Tt s also Luown that catalysts of a
particle size of less then shout (.5 mm.,
preferably less than (.2 mm., diameter,
e used in the so-called ¢ fluidized * syn-
Hhesis. This size of catalyst parficle is
necessary in order to nbtain, by means of
tha npwardly streaming synihesis gages. 2
fwid-like structure of the catalyst bed
which, in this state, permits an extremely
good Temovel of the resction heat, Tf, In
o Auidized proccss, catalyst particles of
4 considerably laxger diameter should he
used, the particles could not he main.
tpined in the Auidized or suspended state
with the zng velocities required in the
hydrogenation of carbon monozide. Fyr
trouble-frea operation of such a gynthesis,
the maximmm particle size in the usc of
iron catalvety is approximately 0.3 o 0.5
TTLEML.

[ Price 28]

It has now been found that the cata-
lytic hydrogenation nf carbom monoxide
for the progu.cﬁun of gaseous, lignid and
golid synthesis prodnets with the use of
pressures ubove 6 aimospherss, prefer-
ably above 10 atmospheres, and fixed-hed
iron vatalysts of the type capable of yield-
ing ab least 30 per cent., preferably more
than 45 per cent., of vxygen-containing
organic compounds in the synthesis pro-
duets, can he earried out with particular
advantage and good vield when the size
range of the catalysi particles i3 as narrow
as poseible and is not greater than 1 mm.,
asing diameters of less than 2 mm., pre-
ferably DBetween 0.5 and 1.9 mm.

According to the invention, the eata-
yiic hydrogenation of earbon monaxide
for the production of synthesis produets
contaiming not less than 80% of oxypen-
conteining organic compounds s effected
by contacting a mixture eonfaining car-
Lon monoxide and hydrogen in synthesis
praportions with a fixedly provided iron
eatalyst of the type hereinafter defined,
under synthesis conditions of temperature
and at 2 synthesis pressure greaber than
5 wtmospheres, the catalyst being provi-
dad in the form of parbicles of a size not
greater than 2 mm. - the size range of the
valialyst particles being not greater than
1 mm. Preferahly, the size range of the
patalved particles is not greater than 0.5

.

(atalysts of the fwpe referred to,
nemely those capable of yielding syn-
thesis products romtaining not less than
309 of oxygen-containing organic com-
pounds, are known. Such rcatalysts are
fused, sintered or preeipitated iron cata-
Iysts which, after redurtion, contein more
than 609 of the iron in the frea state and
which Lave axn alkali coutent, calenlated
a8 K0, of af least B poris per 100 parts
of iron. A preferred catelyst of this tvpe
is deseribed in the co-pending Appliea-
tion Nn. 6330/51 (Serial Nn. 7148301
This preferred catalyst is a precipitated
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iron catalyst which contains freo alkali

whick, catenlated o5 .0, is presenf'to the

extent of more than § paris per 100 parts
of iron, the fres alkali eing advantu-

geously present to the extent of between 8

100 parts of iren. This.

8.11.6. 12 parts per : I}
also eontains s or

preferred catalyst
no supporting Teaterial, e
0%, advantageously more thax 8G9, of
the ivon in the catalyst is in the metallie
state. - - '

Tsing this method of operation instead
ol catalytic granules of a greater size, the
synthests temperature mMay he decreased
to an sppreciable degree, resulting in a
very tavourable effect on the activity and
ihe life of the catalyst ag well as a de-
vrease in the formation of mcthans. The
size range of the catalyst particles, which
is not greater than I mm., shonld be as
narrow as possible. The effects obtained
in the synthesis prove tg be the more
favourable the greater the uniformity
that exists in the particle sizc of the eato-
Lyst nsed. It wonld appear that it is just
the uarrow range of parficle size which
brings abont the advaviageous effects in
the process according fo the invention, It
ig also o feature of this elleck thai the for-
mation of oxypen-containing ATLATiG
cempounds, serticularly of alcobiels, i
considerably incrensed as comparad with
cotelysis having a dinmeter abuve ¥ mm.
Super-atmospherie  pressure, generally
hetween 107 and 70 atmospheres, is nor-
mally used when employing the ratalyst
particla size according 0 tha intcntion.
However, higher synthesis pressures may
also be used, ' B '

The gas load of the cafalyst, or the
space velocity, may ba vatied from 10
litres to move than 1000 litpes per litre of
catalyst per hour. T is advanbugeous to
recyole ths syuthesis gases, part of thé
residnal or exit gases beiug returned’ b6
the synthesis reactor. In this manner, &
more umnitorm removal of heat may bhe
ohtained as compured with single passage
of the zas. T

To many cases it is of advantage o
pass the synthesis gases upwardly fhrough
the synthesiy reactor, particularly when
working with 2 catalyst having 3 side of
approximately 0.5 tfo 1 mm. disgmeier.
Obstructions of fhe eatalyst tubes may
necasionally cceur with the partiele size
of catulyst according to fthe invention
when passing the guses it the gsual down-
ward direction, By passing fhe gas stream
upwardly, a method which is nol” in

“$Hese- difficulties can

and more thun

fized-bed catalysts,
be be avoided with-
out changing the syuthesis properties of
tha catalyst. -

general usual with

s.stFhe preparation of catulyst partivies
huving a diamefer not greater than Z mm.
“ridiy be effected 1p any switable way. In

the preparation of precipitation calalysts,
thia moist eatalyst mass is moulded to ihe
desired pariicle size by means wliich ate
known par se, fur examyple, by means of a
sieving sereen. Also cafalysts vwhich ave
prepared by decompoeition of melal corn-
pounds, for example, of nitrates, may be
moulded in this way. Where fused or sin-
tered catalysts nre used, these are
mechanically crushed to the ‘correspomul-
ing porticle size and then screened.

The reduetion of the vatelysts of the

jnvention is advantageonsly carried out et
high gas velecities of, for example, 60 fo
100 ¢m. per seoond, measured Jincariy
gnd eold, dnd ub temperaiures heiween
200° €. and 350° C.

The invention is illustrated by tha
following examples:—

Exawrre 1.

A eulalyst consisting of 100 paris by
weight of 1ron (Fe), 3 parts by weight vf
copper {Cu),10 parts hy weight of caleium
oside (CaOy and 10 parts by weight of
ieselguhr and contuining 8.5 parts by
weight of sodium carbouate (aElculatcd
s K,0¥, was moulded to pive particles ol
1.9 mm., 3.1, and 5 m. diameter respac-
tively by means of a thread or filament
extrnsion press. The eatalvst particles
werc then reduced at o femperature of
300° C. with hydrogen so that 80 per cent
of the iron was in ihe metallic state.

e reduced catalysts, separated accords
ing fo the individual particle sizes, were
placed in thires seporate synthesis tubes.
These synthesis tubes were of the douhie-
tube type, the nonnlar space hetween the

it oF tubes being of a widih of 16 mum.

he lendth of the double-tubes was £.2
metras, The catalysts in the three tubes
wore then used in synthesis, 150 volumes
of water-mag per vohune of eatalyst being
charged per hour with the reeveling of
9 5 coluines of residual or exit gas-per
volune of fresh water gas. The gynthesis
pressiive was 10° Lilograms per square ven-
timette. - -

AXfter aperting times of 300 and 6
hours, the vield of oxFgen-containing
organic compounds, the COUTEFSINN R
the synthesis temperature attained the
values ghown in the following table:
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After un operating time of 300 hours:.. -

wprrt _. ; - OXS&BII.“
SR coptaTning - .
Caialygst . Byniledis CO+ 1, prgaxiiz ' Methane
pariicle size téuperature conversion  compounds  formation’
1.9 man, *oaes O, 53% ’
8.1 mm. © 195 G 449, Byt
5.0 . T, 195° G 40% LT
After an operating time of 600 hours: : =
Oxygen- ' 7
eontuining ' -
Catalyst Synthesis CO+H, organic Meuthanc
puiticle size temperatore comversion  compeunds  formation
19 mm.  2W0° C. 53% 50% © 10%
3.1 mm. 216° C. 48% 46% 11.9%
5.0 mu. R§° C. 50% 44% 14% .

Tn the course of thé continmous operut
tion it becawe apparvent that the life of
the catalysts of the invention exceeded
that of the catalysts moulded to & particle
size of 3 to O mm., hy several months.

Examrin 2.

A catalysi consisting of 100 parts by
weight of iron (Fe), 5 parts by weighi of
copper (Cu), 10 parts by weight of kiesel-
guhr, and 3 parts by weight of K0 {added
71 the form of E,00;) was prepaved in
four diffcrent particle siges of 0.5—1 .,
i—% mm., 2—3 mm., and 3—4 mm. The
reduchion of the catulyst was earried out
at ahout 300° C. with hydrugen at high
wos velocities (1.5 m/sen.) until 80% of
the irun coptent of ke catalyst was in the
form of metallic iron. A compsrison was
made betwaen these four catalysts at a gas
Toad of 1000 velumes of gas per volume
of eatalyst per hour and ab & synthesis
pressure of 20 kilograros per squure cei-
timetre withent recyeling part of the
residual gag into the synthesls rcactor.

After an operating time of 200 hours
the fallowing results were obtained at
218° d.:

20+ H, CQ
Particle size vonversion CONTETIion
0.5—1 mm. #0% B8Y7%
1.0—2 mm. 41% B39,
2.0—3 mm. IR 41%
8.0.4 mm, 31% 41%
VWhereus & satisfuctory conversion

could mot be sitained with the catalysts

having particle sizes of more than 2 mm.
in spite of a further temperature inerense
of approximately 30° C., a good CO con-
version uver an extended period of time
crld be obinined with the 1—2 mm. par-

ticles, and partiediirly "with thd 0751
mn. particles, at temperatures of approxi-
mately 10°—15° €. sbove 218° C.
TUpon working up the synthesis pro-
ducts formed, the wicld of oxygen-

- containing orgamie compounds obtained

with fhe 0.5—1 mm. parficles was found
to be abowd 20% higher than that ob-
tained with the 2—3 mm. and 8—4 mm.
particles.

What we elaim is:—

1. A process for the eafalylic hydre-
genation of carhon wonoxide for the pro-

wetlon of synthesis products condaining
not lesz than 30% of oxygen-coniuining
organic rompounds, which eorprises con-
laciing a gas mixture containing carbon
monozide and hydrogen in synthesis pro-

ortions with @ fixedly provided iron
calulyst of the type hereinbefore defined,
under synthesis conditions of temperuturs
and afa synthesis pressure greater than H
almospheres, tha eatulyst being provided
in the furm of particles having a size not
greater than 2 mm., the size ranpe of the
particles being not greater than 1 mm.

2. A process according to claim 1, in
which the #ize range of the catalyst par-
ticley is not greater than 0.5 mm.

5. A process according fo elalm 1 or
¢laim 2, in which the size of the catalyst
particles ligs within the range 0.5 to 1.9
mrm.

4. A process according v any one of
tha preveding claims, in which the syn-
thesie pressure lies within the range 10—
70 afmospheres. :

5. A provess according to any ome of
{he preceding claims, in which the cata-
Tyst 1s @ precipitated ratalyst.

6. A process according to any ome of
the preceding claims, in which the space
veloeity lies within the range 10—1000
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volues of pas per volume of catalyst
per honr, .

7. A procesy according to amy one of
the preceding claims, in which the gas
migfure containing carhon monoxide and
hydrogen is woter-gas. . o

. A process secording lo aly oae of
the preceding elaims, In which the earbun
monoxide and hydrogen are passed up-
wardly through the eatalyst.

9. A process acoording fo any one of
the preceding vlgims, in which in the re-
duefion of the catalyst privr to itg use in
the synthesis, the rcdmoing goses are

assed over or through the catalyst at
ﬂigh veloeity, for example al 60—100 ¢en-
timetres per second {measured linearly
aud in the enld), at & temperature within
the range 200°—350° C.

10. A process for the hydrogenation of
earhon menoxide in the presemse of an
jron catalyst, suhstantially as hereinhe-
fore deseribed.

11. A proress fur the hydrogenation of
curhon monoxide in the presenve of an
jron catalyst, substantially as kerein-
pefore deseribed with referemee fu
Example 1 or Examyle % with the use of
patalyst particles of a size nnt greaber
{than 2 mm.

12. Oxyzen-confaining organivc  com-
pounds, patticularly alcohols, and hydre-
earhons whenever predured aceording io
the process of any preceding elaim.

~ EDWARD EVANS & CO.,
1418, High Helborn, Tondon, W.C.1,
Agents fur the Applicants.

I:Bs:ﬁingtun Spa:
Publisherd] at The Patent Office,

Printed for Her Majesty's Stationery Oﬁicé, by Lhe Courter Press.— 195,
95, Southampton Buildings,
-eopisg may be obtzined.

Lowdon, W.C.2, from which
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amounts of ozygen-containing aorgunic
compounds are also geperslly present in
(he synthesis products. Hitherto, wo addi-
tional effcet with respech to comversion.
vield or quality of the synihesis produets
could be chtained when using catalyst
particles of a diameter of less than 3 mm.

Tt is also known that catalysts of a
particle size of less than about 0.5 mm.,
preferably less than 0.2 mm., diameter,

. mre used in the so-cailed < Anidized ” syn-

thesis. This size of calalyst particle is
necessaTy in order to obfain, by means of
the upwardly streaming synthesis gases, a
fluid-lke structare of the catalyst bed
which, in this state, permifs an extremely
good removal of the reaction heat. If, in
a fuidiged process, cotalyst parbicles of
o considerably larger diameter should be
used, the particles corld not be Tnain-
tained in the Anidized or suspended stwte
with the gas velocities required in the
hydrogenation of carhon monoxide, For
trouble-free operation of such a synthesis.
the maximum particle size in the use of
iron eatalysts is spprovimately 0.3 fo 0.5
o,

[ Price 2181

B T i dadt bt

by contacting a mixture contsining oar-
Ton monoxide and hvdrogen in synfhesis
proportions with s fixedly provided iron
catalyst of the tyne hereinafier defined,
nnder synthesis conditions of temperature
and b a synthesis pressure greater than
§ abmospheres, the eatalyst %eing provi-
ded in the form of particles of a size not
greater than 2 mm., the size rangs of the
catalyst particles being not greater than
1 mm. Plreferably, the size range of fhe
eatalyst particles s nol greaber tham 0.5

mam. :

Catalysts of the type referred fto,
numely those eapable of yielding syn-
thesis products confaining not less than
30% of oxymev-containing orgauic com-
pounds, are known, Such catalysts are
Tused, eintered ar precipitated iron eata-
lysts which, after reducfion, vontein more
than 80% of the iron in the free state and
which bave an alkali content, caleulated
as T;0, of at least 5 parts per 100 parts
of iron. A preferred eatalyst of this type
iz described in the co-pending Ajpplica-
tion No. 6839151 (Serial We. 714,339).

This preferred catalyst is n precipitated
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