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COMPLETE SPECITFICATION
Process for the Hydrogenation of Carbon Monoxide

We, RuurceEMIZ  ANTIENGRSBLL-
scraFr,  Oberhausen-Holten, Germany.
and LURGL (Grserrsemarr rim Wiewmwu
TECHNTK  m.B,1i,, Frankfurt 2.Main,

6 Heddernbeim, Germuny, hath German

Companies, do hereby declare the inven-
tion, for which we pray that a patent may
be pgranted to us; and the methog
which it is lo be performed, to be parti-

10 cularly described in and by ike following
statement : ——

The invention relates to p procesy for the
bydrogenalion of earbon monuxide.car-
ried out in the preseuce of copper-con-

lﬁ'ltaining tused m.uf Jur sintered irom cala-
sts.

ErI:u. the hydrogenation of carbon mom-
oxide with bydrogen, purticularly .with
the nse of iron catalysis,. the usc of fused

20 and siutered catalyats, as well as the use
of precipitated eatalysls, is known. FPused
and sintered rcatalysts are in .practice
exelusively used, for example, in {he so-
called gui&ized gynthesis ** since the

26 mechanical strengill the precipitated
eatatysts is not suffieient to withstand the
eonditions which oceur in this process.
Fugsed and sintered eatalysts, in hoth the
pulverulent and the granular state, have

30 also heen used [or the wet synthesis witl
moving or fixed-bed catolysts. For syn-
thesis with a stationary calulysi disposed
n tubes, the use of o fused or simtered
catalyst hos been suggested as yet only in

40 & few cases, The reason for this might
be thal catalysts of this: kind generally
require n higher operating temperaturc
than precipitated catalysts to yield o
CO-+H, conversion of & commercially

40 usable level,

The fused und sintered catalysts hither-
to proposed have in practice cousisted to
the extent of more than 90%, prefarably
.even more than 85%, of.iron. Tromaoters

48 auch as aluminium oxide, titanimn uxide,
sirconium exide as well as silicon dioxide

— e ara

and other compounds have been suggrested
as catalyet additives., An alkali content
which is npt vory lugh and which has
generally been limited to 1% based on the 50
iron present, has alse heen stated to-bave
a promoting or activaling effert. These

-catalysts, namely ihe type of conventional

{used catalysl nsed in the synthesis of
ammonia, are prepared by melting iron or 65

Jdron powder, or, if desired, irpn oxide

powder, separately or in admixiure, in ap
oyidising almosphere, whilst the addition
of promoters js effceted befare or during
the melting process. Tt hae alse been PrO- 6O
posed ta heal the corresponding powders

~only to a temperature gl which sintering

ocewrs rather than to mekt them, in order
to obfain a more porons catalyst strme-
bure. IIowever, up to the pressnt these 65
methods seem to Iinve found no wse on a
curamereial or industrial seale in the pre-
puration of votulysts. for the Lkydrogena-
tion of carbon monoxide, B
It is an ohject of the invention o pro- 79
vide 2 precess for the hydrogenation of
carhon moynoxide in the presence of g
fused or sinfered iron catalyst, in which

. good yialds of hydrocarhons andfor oxy-

gen-containing ergenic compvunds may

-y

o

:readily be obtuined.

According to the invention, a process
for the hydrogenalivn of carbon monoxide
with the produelion of hydroearhons snd !

Or 0Xypen-vontaining organic compounds 89
containing  more  than  one  vurbon
atom in the molecule, comprises effeating
the lydrogenniion at a lemperatore in
the range 150°—350° €. and at pressure

in the range 1— 200 atmospheres absoluta 85
m the presemee of a fised or sinfered
iron catalyst confaining more than 20:9%

by weight of copper relative to the total
amount of iron in the catalysl, which
catalyst has been reduced ut a tempera- 80
ture not exveeding 850° C. prior to use in
the hydrugenation.
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The hydrogenation is preferably
cffccted at a temperafure in the ranpe
180°—270° C. and at a pressure in the
range 10—b0 atmospherss. The reduaction
of the catalyst is preferably cffccted wilk
a gas containing hydrogen andfor carhon
monoxide and the temperatnre during the
reduction of the catalyst is preferably
below 300° C.

The process aeeording fo the invention
enghles the hydrogenation, of carbonr mon-
oxide {o be cifected at temperntures which
are wppreciably lower than thoss vequired
with fused and sinfered oafalysts which
16 have previously been used or propesed for
use In the synthesis of hydrocarbons and
oxygen-containine organie eomponnds by
the hydrogenation of carbon menoxide.
At tHe same time, the addition of copper
bhas the effect of {:unsidemhly redueing
the proportion of wndesirahle C,—C, com-

pounds in the primery products. Furfher-
more, this eliminates or appreeiably
redneas the froublesome property of the
25 fused and sinicred catalysis hitherto dis-
¢lused of causing the separation of carbon,
bo a relatively high exient during the syn-
thesis, which carbon leads fo conside-

L

1a

able prectical difficallies and results in a..

severe reduction of the activity of the
catalyst. Thue fo the high oopper content,
it iz now possible in contrast bu the prier
art, to effect the reducing prelreatment of
the cetalyst at a low temperature of below
350° . in the synthesiz reactor itself.
it is of particular advanlege that cala-
lysis ol this kind shew substantially no
shrinkage during the reduetion which
could causs the formation of voids or
channels in reactors which, for example
arc provided will tubes into which tha
vatalyst is charged prior to reduction.

It is very remarkable that the process
may be carried out with excellent yields,
espeeially of synthesiz products eontain-
ing increased propertions of high mole-
cular weight oxrygenated products and
partionlarly of esters, il more than 4%
and preferably 6—10% of alkali, calon-
latad as E,0, and preferably more then
259 of copper, baged in each case on the
fotal iron present, wre contained in the
cotalysh wille wt least 809 of the total
iron being in the metallic stefe alter
reduation.

Nommally gascous, ligquid and solid
compouuds are obfained 1 the synthesis
and comprise gaseons hydrocarbons,
lignid hydroesrbons and alvohols, and
solid high moleeular weight hydrocarbons
the mormally liguid componnds forming
the bhallk of the synthesis produect. Valu-
able low molecular welght aleohols are
contained in the wattr fored in the reacs
60 tion. Of tho grestest practical interest is

50

5B

“duots, a resuli which

the compesition of the main produet,
namely lhe liguid hydrocarbons and aleo-
bols, Tueressed alkali content of the pata-~
Iysts, depending o the couditions of the
preparation. of 1%1& catalysts and the kind
of alkali used, perunits the yield of the
normally lguid produet to he increased
and the proportions of its comstiluents v
be varied.

Fused and sintered ecatalyety which 76
havs been subjected fo o short-time, more
or less complefe reduction, thal is {o say,
catalysts having a reduction value of
more than 80%. (more than 80% of the
iron being in the elementary state), and 80
a high copper conlent and a high alkali
condent ¢f more than 4%, caleulated af
K0 and hased on the total ivon, effect,
for example, to an incressed exfonl the
formation of oxygenated compounds boil- 85
ing asbove 320° €. of which esters consti-
luie not only a very high percentage, for
example, more thap 25% }iw weight and
offen more than 36% by weight, ut also
exeerd fo a comsiderable exlenl the
amount of aleokols boiling above 320° C.
The totyl amount of the produets hoilin
sbove 820" (. may also constitute 25%
or more of the fotal yield of liquid pro-
is wvery surprising g4
for [uosed and sintered eatalysts, In the
fruction boiling between 30° C. aud 180°
0., the aleohols are the main oxygenated
prodidts in this case. I'n this fraction
beiling in the range 180°- 320° C. the 100
estar content amounts lo approximately
20—30% ond ig thus nearly always bigher
than that of the aleohols,

1i the alkali component in fused cata-
lysts is added in the forw, for example,
of potassium gilivale rather tham, for
example, as KOH or K,{0,, then the for-
mation of high molecular weight hydre-
earhons inereases al {he expense of ihe
eshers content.

Furthermore, an incomplete reduciion
of the samna catalyst makes possible a high
ennient of oxygenated compounds in the
synthesis producle; however, in this tasc
the propurtivne of esters in the oxygensted 115
products deerenses whilst the preportion
of aleohols inevenses comsiderably, When
such a synthesis is desired, that is to suy,
when the synthesis is operated for the
praduetion of synthesis products which 120
confain mere than 601% of oxygenated
compounds withowt having o particularly
ILigh proportion of esters, then fused and
sintered cabalysts must be used the alkali
eontend (baaegs-un the tobal Iron and cal- 123
culaded as E.(}) of whirh is more than
1.6% and preferably snore than 4%, and
the content of free iron of whieh is Jloss
than 80% and preferally between 209% -
and 6% of the total irow. . .13t

70

90

105

110
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In contrast to the synthesis with the use
of precipituted iron catelysis in which it

Is generally esscntial that more than 60%
and preferably mnre than 80% of the iron

6 present should be in ihe free state for the
gyathesis of o preduet which conlains
more than 50% of oxygenaled com-
povnds, it is very surprisingly possible
when operating wilk fusad and siniered

10 catalysis fo oblein a marked inerease in
the formation of oxygenated cempoinds

and lw obtain g produvt eonfainine 60 A

or more of such compounds with tle use
uf the iron-copper-alkali calalysts acoord-

16 ing to the Invention having rednetion

va%ues of only 20%—80%.

A further advantage of the process
according to the fuventivn consists in that
the methane formation, which is gener-

20 ally undesived in the hydrogenation of
carhon monuxide, 75 only very low and
constitutes anly a fraciion of the methane
formation hithete observed. Mureover,
the content of products having & boilin

25 point in excess of 320° O is jn genera
bigher thun with the hitherta known
fused and sintered catalysts. Yields of
more than 309% are obtainable without
diffienliy,

The process, in -accordance with the
inveplion, is advantageously carried out
with the catalysis in a fixed bed which,
however, under eertain  circumstances
may be surrounded by a liquid cooling
35 agent. The process of the Tnvéntion is also

applicable 1o a synthesis with a pulvern-
lent catalyst (¢ Huidieed sFnthasic 7} Ip
the first case, particle sizes of belieen
upproximately 0.5—6 mm. and preferably

40 between I —4'mum. are used. The Suidized
syntliesis uses a particle size of helow 0.5
mi, and preferably below 0.2 ma, ®in-
ally, the so-valled ‘° wet synthesis pro-
vess ’ muay be carried out with any par-

4p ticle size.
The reduction uf the catalysts acword-
Ing to the Inveniion, which may he sar.
ried out, if desired, in the synthesis reac-
for ilself, is preferably effected with the

60 use of s bigh gus velocity of alove 50
em. fseéond and preferably above 190
ey fyecond (measured af room. Temperan.
lure and at ztmospheric pressure). The
reduntion muy be effected nt alwospherie

E3 pressure, superatmospheric pressurs or at
subalmospheric pressure. (Gas veloeities
of 90-—150 em.fsccond are prefoinbly
used when operating at atmogpherie Dres-
sure, and velocities of 540 ¢m./second

60 whew vperating at superatmospherie pros-
sure, the gas veloelty in each case being
measured at rovw temperature and wl fie
pressure at which the reduction is
sffented. The H,0 conteni of the reduc-

85 tiwn gas is maintained below 1 gram/cu,

30

m, gnd preferably below 0.1 gram|eu.m,
When the catalyst is fo conbain less
thap 80%, and preforably from 209 o
60% of its iron in the free state il has
been found to be partieularly advantage. 70
ous tu effect the reduction with hydrogen
and fur carhon monbxide-containing guses
for 80—90 minutes in the temperatures
range 300°—840° 0., for abont 90—240
minules in the temperature range 250°— 75
300° (., and {or moze than 240 minwtes to
a8 long as 800 minntey at temperatures
helow 250" 0. With all fused or sintered
irgu-copper-alkali catalysts aocording to
the invention, syuthesis gases rich in car- 80
hon monoxide are or may be used for the
purpose of obtaining an inereascd yield
of high molecular weight oxygenated
compounds, particnlarly of esters. The
same vatalysts are suilably nged with 8
hydrogen-rich _gases if less high molecu-
lar weight producis having z reduced con-
tent of esters, but an increased content
of aleohols, partienlarly C,—(), aleohols

are to be recovered a0
 The promoters for the eatalysts mern- -
ftoned ahove inelude, for ayample,

chromium oxide, manganese oxide, alu-
winivm oxide, caleium oxide, titanium
divxide, silicon dioxide, alkalls or alka- 95
line earths,

The production of the fused catalysts
used is simplified by the fscl that a part
of the mixture nf the compunents congists
of a sall or sals which exhibit oxidising t00
properties. Nilriles, nitrates, or perbor-
ates have been found ta be partieularly
suttable for {his purpoge. .

The currying out ol ile reduction in
the syuthesis rcavturs proper eliminates 105
the mnecessity of a specific rednetion
apparatus, which hay hitherts been
required In most cuses.

Lie productivn of the eatalysis nasd in
sceordance with the inveution follows 116
partly the known methods, hut is [unda-
mentally different in several delails. The
ironu present in the catalyst may be nsed in
the metailic stute but s prefarably used
In the form of oxide. The 20pper may 115
likewise be used in the forw of iis mone.
valent oxide or its bivulent oxide,
However, in certain vases the wuse
of  metallic  copper g parficularly
advantageous. TFor the purpose of the B
uxidation il i frequently of advan-
tage to use a cerfuin part of the
metals in the form of salts sach as in the
form of wnitrates or perhorates. This
applies in particular it the proportion pre- 127
sent s melal 13 high,

Lor the produetion of fused eatulysts,
the slarling materig) may be in the form
of powder as well as In lhe form of
lumps. For the productivn of sintored 180
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eatalysts, 1t has been found-{v be partied-
lerly advantagecus fo add the ivbn and
copper used uy the starting material i, the
form of & powder of (he smallest possible
H particle size of below 100z, prefecably
Jrelow 104, : -
Ton the production ol sintered cata-
Iysts, the sintering température and sin-
toring period are of considsrable impor-
tance, %ﬁhen starting with metals, lower
temperatures wre roguized than with
roetal oxides, The sintering lime i deler-
wined by the grain structure desired. The
wvrain or partlele size Increases and the
13 pore volume depreascs @s the sintering
iime ineresses. The ulmosphere viged for
the fusion aud sinlering should be vxidis-
ing in character in oxder to vonverl the
wetallic components Jargely info oxides
4t and iv prevent a premasture reduction of
© the metal vxides, The addition of ‘pro-
maoters, which dre the conventional cle-
monts and their compounds known from
the literature as promoters in the cataly-
tic hydrogenstion of cerbon monozide,
may be effecied before the fusion ss well
as during the fusion step. 'With stutered
catalysts, it is generally praferrad to. add
the promoters belore the step of sintering.
In a few cases it iz also possible, for
example, to soak or impregnate the siu-
lered material after the sintering with
ggueous solutiong of the promoters and to
suhisct the malerial to an after-sintering.
85 In this way, the addition of alkali such as
in the form of potassium carbonate and
potassium silieate .or sodinm nifrate, is
possible. -
The eooling of he molten mass is most
40 spitebly elfccted in the air. Thiz s
followed by crushing of fhe fused or sin-
tered mass. When the synthesis is to-be
curried oot with the catalyst disposed in
{ubes, the catalyal parficles should have
4b » diameter of belween approiimately 0.5
mm. and 5 mwm., preferably between L
mia. snd 3 mm, In s linnid phase syn-
theses, the particle size may advaniage-
ously be copsiderably lower soch, for
60 example, as below 100w, The pulverulent
material produeed during the crushing of
ke catalyst may be added o a new
mell. : -
Dua'to their low tendency to form car-
b6 bon deponsits, the eatalysts in accordance
with the invention may alse ho used for
the fluidized synthesis. It is ulso posuible
to: uze them in processes of carbom mon-
oxide hydrogenation which operafe with,
60 o gay veloetby whieli licz considerably
above that of the fuidized system. The
use of the catalysts according 40 the
invention for & edgrbon monoxide hydrh-
genation in the liquid prase, and partien-
66 larly in an oily phase, .is possible with

10-

20

S8

‘exide hydrogenulion.
resnlts imprave, however, when operaling

vatulysly ju -either the pulverylent or
granular state. o

The rogeneration, of the spent, fused
cutalysts majy be effected .in accordance
with, the prior arf by oxidising re-melting &
preceded, -1f mecessary -or desized, by . a

“reatment with hydrogen. In particulur

cases; it iz sufficient to subjeet the rata-

‘lyste-to o carefnl oxidising- tresimcat with

-y
on

guses whioh contain only small amounts
of oxyyen such as B.5%—8%, in order to

‘horn of the carbon Bepusited on the cata-

lyst. Thereaffer, .« reasklvabion with

‘reducing gases is required.  This lalter

expedient may also-be uged in rertain cir- 80
cumslances with sintered catelysts. When
enmpletely working up the eatalyst mass,

At-may be sufficient in-pariiculor eases to
-prnsh the-mass to the particle siwe stated

ahove god then. to subject it to a new sin- 85
tering., Sinec sueh catalysis, owing to
their structure being somewhat different
from: that of the orginul -cstalysts, fro-
quently give somewhat different synthesis

results, a chemical prneessing with the 81)

-separation Into Yle individoal sterding

components cannat be avoided in particu-
lax gases. ) o
Pressures of as low as 1 atmosphere
-ghsolile may be used in thé-sarbon mon-
i The synthesie

0y

above §_ ntmospheres such, for example,
a3 in-the range 10--40 atmospheres. The
gas loatd or space velocily may be varied LW
within wide limits sueh, for example, as
bedween, 1 and ‘300U wolumes of gas per
volwme of catalysl per -hour. The tem-
peratars, when operating with fixed-bed
catalyets- is preferably betwesn 180° . 103
wnd 270° C., while the CO: H, mol ratie
may -range- between approximately 1:05

‘and 1:5. The uze of gas recyeling with 2

recyele rativ (veol. fresh gaa:vol. recyole

gas) which may range, for czample, 110

“hedwean 1:1-and 1:4, 18 advantageous in

any -cage. -1t 15 alse possible, however,

“to-operate on g onoc-thyough: basis. When

operating fhe fluidized synthesis and, -
under certdin circumstanees, the so- 116

called wet symthésis, the synthesis tewm-

grature i preferably maintained lu the

iger part of the range 150°—350° (.

‘When - operating with fixed-bed eata-
lysts, it is possible to use long and wide
tabes iu ke resclor sach, for ezainple,
a3 twhes of (0—26 metres length while the
diameter of the tmbes may be approxi-

-mately 20---100 mm. and prefernbly 30—

60-m. Of eourse, skort and narrow tubes 195
may slso be-msed, .
The invenfion is illustraied by the
following examples. : : L
: Exavrim 1.
1000 grams of a wixture consisting of 180
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Fe,0, (Jeweller's ronge), Cu0 and potus-
siumn carbonate, the ratio of Fe:Cu:X,0
being 104 :Qézé, were fusad in the pre-
sence of gxygen. The fusing temperafure
§ of the mixture was approximately 1600°
(. The partiole sizes of Fe,0, and Cu0
were approximately 1—3x and 18y, res-
pectively.
After cooling the melt, the fuged cake
10 was crushed to a particle size of belween
L6 mm. and 2 mwm. The redus-
on wag effected for 2 hours at 350° C.
with o I /N, mxture (75% H,, 25% N,
by weight) using a gas velocity of L.5
15 netresfsecond (standard vonditions).
Theranfter, the reduction valve of the

catalyst was approximately 100%, tlat
13 to say, approximalely all of the iron
was in the metallic stafe,

This catalyst was cherged inte the an- 20
nnlar space of z double-fuhe reactor
formed I?y two eoncentric tnbes, the inner
tube having an outer diameier of 24 mm.
and the vuter having an inner diamcter
of 44 mm. When super-purified water 25
gds was passed through the culalyst at a
synthesis pressure of 20 atmospheres
gruge in single-pass operation, a CO con-
veralon, of H1% (CO-H, conversion=
1.5 %& was cblained at a temperature of 30
207° The composition of the liguid
primary products was as fellows: —

Weighl 9% of total  Aliphatic Alvoliols
liguid produet Eslers
8 TFraction, : % %
abuve 320° C. 26.2 40 2
180°—a2i" C. 25.8 20 10
20" —180° C. 48.0 NI 88

When using u siandard ammonia syn-.

40 thesis catalyst consisting of approxima-
lely 98% Ve and small amounts of
Al,0y, 810, ele., a synthesis temperature
higher by 12° (. was required under

otherwise the same synthesis condiliens to

45 obtain the same conversion., In this vase
the yisld of compounds boiling above
320° . was below 19% ; the ester conient
wes approximately 209%.

Examery 2,
80 A catalyst which contained 5.2 parts

K,0 instead of 8 parts K,0 and, in addi-
tion, 10 parts of ZnO (particle size abouat
L) based on 100 parts of iron, was pre-
pared In the manner described in
Bxample 1. Under the sume reduction g
and synthesis condilions as deseribed fu.
Lizample 1, the following resulls were
obtained ; —
GO conversion - . - 81.5%
CU+H, conversion . -~ 639% 80
Sﬁnﬂlesig temperature -  207° (.
The composition of the synthesis pro-
duet obtnined was as follows : —

Weight 9% ol totul Fistary N Alcobols
a5 Fraction Hgmid product % 4
abave 320° C. 28 % 10
180°—320° C. 26 29 22
30°—180° (. 48 13 30

When this catalyst wae roduced in a
70 gynthesis reactor of 5 metres length (tube
lameter 14 mm.) for 30 hours at 230" (.
with a mixture consisting of 7% I1, and
25% N, by weight (reduetion value of
catalyst R5%) and subsequenily useqd in
76 synthesis under the condittans given
shove, the following results wore
obtained ; —
CO cooversion - - - . 849
CO+¥, conversion -~ - - 637
80  Synthesis tewperafnre - - 231° C.
{With 2 reduction time of 48 lours, tha
synthesis temperature could be lowered
fo 225° C.). The eomposition of the
lignid products obtained was similar to
86 that given abova.

Exavriz 3.

A mixture consisting of Te,,, CuQ
g}a-rtlcle size of Fe,O, about 3p of
Cud about  2u and K.,
m a ratic of 100:25:6 caleulated 90
as Fe:Cu:K,0, was pasted with a Hitle
wuter, dried for 5 hours at 100°—-120° C.
and sintered for 60 minutes at a tom pera-
lure of 1150° C. in the presence of air.
The cogled mass was crushed and sicved by O
8 particle size fof belween 1 rom. and
2 mm,

The reduction of the granular catalyst
was eflevted for 120 minutes at 2 temperi.
ture of 3807 with a mivture congisting
of ¥59% M, and 25% N, by weight at

atmospheric prassure using a lincar gus

o3

160
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velocity of 1.5 metres/second. The re-

duction velue of the reduced catalyst was
ahout 80%. . - .

‘When this catalyst was used at » syn-

b thesis pressure of 20 atmospheres guuge

with waler gus on a once-through basis,

a CO 4 1, conversion of 61% was oblained

at 215° C. ‘l'hi zas load was 200 lifres

of gas per litre of catalyst per hour. The
liguid product obtained had the follow- 1
ing composition ;-—

Weiglht % of total

- Fsters Alcohols
Fraction Iguid product - % - %
N above 320" O. - ey - 45 1
1B 180°—320° C. - 20 © 33 . A
b 1 - 35

a0°—180° C.

‘When tle same catalyst was reduced in

4 synthesis reactor for 30 hours at 250° .
with - H,/N, (reduction wvalue of the

9y catalyst 82%), the GO+ I, conversion
under the same conditions as set forth
above was §35% at a synthesis. temperature

of 230° . The yicld of high hoiling
products and of oxygenated compounds in

95 ihe liguid product was somewhat reduced.

purts of iron, 'The second portion was
impregnated, wilk potessium vwaterglass
in sueh a manner that 5 parts KO (oal-
culated) and 25 parts S0, were preseul 45
for every 100 parls of Fe.. The moish
mass wag dried at aboui 120° C.

The two masses were separately fused
at about 1600° C. lu tho presence of air
as oxidising agent. ' The melt vbtained pg

_was avushed and sleved ta a particle size

Exayvrir 4. )

A hot aquecns svlulion eontaining, per
liire, 40 grams T'e and 10 grams Lu m
the form of their nitrotes, was poured into

80 u likewise hot solubion of 100 grams of
soda/litre of water. Tle gquentities were
so proportioned that the pHE value aiter
the precipitation was approximaiely
7—7.2. The precipilated eatalyst mass

af was fltered " the hot sfale, freed by
‘washing [rom the ulkeli ta. aboul 0.3
grams residual alkali based on 100 grams
of iron, and divided into two parts. The
first part was impregmated wiik KOE

40 In such & menner that § parts calcalated

as K0 were contained therein per 100.

of between 1 mm. and 2.5 mrm. (The
undersized particles snd the dust may be
added-to a new melt.)

- The rednction was carried out for 120 5h
mingtes at 350° C.-with a mizture con-
sisting of 756% H, and 26% N, by weight.
’él‘hf; réduction value of each catalyst was
5, —

When the catolyst which had been im- @)
pragnated with KOH was used 1o syn-
thesis with water gas at'210° C., a pres-
sure of 20 atmospheres gange and a gas
load of 200 volumes of gas per volume of
catalysh per hour, a §O+H, conversion of &b

-63% was obtained: The liguid produet
obigined had the following cemposition :

Weight % ot oWl - Esters " Aleohols
Fraciion liquid producth %, _ %

Yo sbove 320° C. 28 41 emall amownt
180°—-320° C. } o 29 10
8 80

S0°-180° €.

Tn uddition, all fractions contained

small amouuls of ketones, sldehydes and
TH acids. '

With the ues of gas recyeling (1 wol.
fresh gas:2 vols recycle gas) {he other
conditions being theé sams, the yield of
high molecular weight compounds boil-

20 ing above 3207 (. increased somewhai (fo
31%,); moreaver, the yield of vxygenated
‘sompounds inoressed fo a cerfain exient.
When the ocatalyst was reduced ab
240° (. with a gas cowsisling by welght
gf of 27% CO and 2% H,, the remalnder
being inerts, at o linear gas velocily of
1.3 metresfsecond based on standard con-
ditiens, 24 hoars were required, The

reduetion value of the cataylst wuas then
80%.. The yield of high moleenlar weoight 90
compounds boiling asbove 320° C. 1m-
creased by 3% while the yield of oxyge-
nated compounds decreased somewhat in
favour of the olefina. '

The second catalyst whish was reduced 95
under the syme conditivas seb Lorth above,
‘gave in each of the three experiments ax
inereased yield of prodnets hoiling above
326° C. The proportion of the other
fracidvns, parlicularly thet of the fraclivn 100
hoiling n the range 30°—L80° O. de-
‘nraaged enrrespondingly.  The yield of
oxyoenate]d compounds was likewise
reduced in all fractions,
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Examrrs 5.

A mizture of 100 parts of iren in the
form of Fe,0, having a particle size of
1—dp, 35 purts of copper in the form of

B €CuO having a parficle size of ahout &,
and jgot-assium carbonate In a yuaniity of
2% by weight calculated as K0 and
based on the fotal amount of iren, was
rapidly melted in the presencc of ample
0 oxygen. Alfer covling and crushing to a
paritcle size of 1.5—2 mm., the mass was
reduced in g reduetion apparatus for 10
hours at a lewperature of 240° C. with
a gas mixture cousisiting of 75% H, and
2% N, by weight at a linear gas velo-
eity of 1.0 metres/sccond bascd on stan-
dard conditions. The reduclion value of
the calalyst was then 23%. When the
reduction was effected at o temperature
Uof 280° O, for 3 hours, the reduction
value way 44%, while reduction at
350° C. for 90 mInutes gave a reduction
value of 60%,.
These thres calalysis were tested in re-
B oetors 0f LD metres lempgth and a tnbe
diameter of 12 mm, The syuthesis gus
was super-purified water gas; the syn-
thesis ‘pressure wus 20  atmospheres
gauge aud lhe gas lead was 200 volnmes
) of gas per volume nf eafalyet per hour,
the synthesis being carried out on a gnve-
through basis. The CO couversion wus
81—84% with a comsumption ratio of (.7
—{0.75, and the mathane formation was
i between 6 and 8%. A comparaiive ex-
preritient earried out al a temperature
which wus only 20° C. bigher with a

wh

standard ammeonia synthesis cafalyst
which was reduced to yield about 20%
Fe, gave in all fructions substantially
lower yields {ouly aboui half as high) of
oxygenated compounds, cousiderably
lower yields of high molecular weight
compounds boiling above 3207 C. {only
about 15%) and a substantially greater
formation of methane {(about L55%).

40

45

Bxanvres €,

A mixfure consisting of Fe, (), laving
a particla size of 1—dp, Cul baving a
particle size of about 8y, and pofassium
carhonnic v a ratio of 100:22:5 caleuw-
lated as Fe:Cu: K0, was pusted with 2
little water, grannlated to a particla size
of 1.3—2 mm., dried at 140° C. for
several hours snd sinteved af 1200° C. for
60 munutes.

The reduction was effected at 240° 0,
for 9 hours {reduelion value of the caia-
Lyst 20%}, at 280" C. for § hours (redne-
ilon value of the catalyst 39%) and at 60
340* C. for T minutes (reduetion value
of the catalyst 57%).

Comparative tests were carried ont in
& reactor of 18 mm, inside diameter and
1.6 metres length which was heated with
water under pressure. Highly - purified
waler gas wus used as syn&-esis gas, the
gyuthesis pressure was 20 atmospheres
gaige and the gas load was 200 volumes
of gas per volume of catalyst per hour. 70
The synthesis was effected without gas
reeycling, the following resulta beimg
obtained ; —

Al

55

€b

{(lontent of

] oxypenated Methane
. compounds High meolecular formation
Reduoetion, {chiefly al- weilght compounds haged on
value of the - Synthesis cohnle) in boiling above CO+H,
catalyst temperature  the liquid 3% C. charged
0 a9 ® produet, % % %
26 218 61 35 5
29 215 57 32 6.5
57 212 52 28 8

The CQ conversion wag about 85% with
i the consumption ratio being 0.7.

With one-stage operation, eonversion
rates of 90% and more such as, for oz-
umple, 95% may be obinined wilkout
difficulty, - Im myuifi-stage operation, a

8 mpartial removal of the carhon dioxids
ggtwoen the stages is advantageous under
vertaln circumstauces.

What we elaim i13:—

I. A process for the hydrogenation of

5 oarbon monoxide with the production of
hydrocarbonys wnd fur oxygen - confaining
organic compounds confaining more
than one carbon atom in the mole-

cule, in which the hydrogenation is
effected at a temperainre within the range 100
150°—-350° . and at u pressure within
the range £1—200 atmospheras absolute in
the presence of a fused or sintered iron
catalyst containing more thau 20% by
welght of eopper based on the total 195
amount of iron in the eatalyst, which
catalyst has been reduced al o tempera-
ture vot exceeding 350° C. prior to use.

2. A process according to Claim 1 in
whiek the hydrogenation is effected at a 110
"c}-%l{?.(yera bure within the range 180°—

8. A process aceording tw Claim 1 or
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Ulaim 2 in:-which the hydrogenation. is
effected at a pressure within the range
10—/ atmospheres abeolute, - L
4. A process acoording io- any . one of
o the preceding claims, in which the zedue-
fion, of the valalyst 1z effecied 2t a tem-
perature below J0U° (, :
5, A proness accerding to any one of
the preceding clafms, in which the eaie-
18 lyst contains one or more elements or
eompounds known to he affectiva as pro-
moters of iron esbalysts in the hydrogen-
alion of carbom wonoxide. ™ . - .. -
8. A process according to any one of
the preceding claims, in which ‘the
calalysl doniulos more thian 4% by welpht
of an alkgli-metal eompound. calemlated
as K0, based oo the fotad amount of iron
in the cobalyst;, more than 30% of the
iron being in he free state -afbér ~the
reduction. :
7. A process accordivigs to {(Haim 6§, in
which ¥ culalysl eontains more bhun
20% by weight ‘of copper and from 6%
ito 1% by waight of the alkali-medal
compuund (calonlated as X,0), both bused
on the total amount of 1rom inh the
natalyst, '

15

1

30 clalms 1 to 5, in which the eatalyst con-
faine mors than 1.6% by weight of an
elkali-metal ebmpound * (eslouluted os
K.} based on the total ainowntof rew in
the culalyst, less than 80% of the iron

36 being in the free state. S
9. A piidsess according to Claim 8, in
which, 20—00% of the Ivon im the sate-

lyst is in the free state. . -

10. A process according to Ulaim. § ot

40 Claim, 9, in- whickh the caialysi contains
myre than. 4% by weight of an allkali-
metal ~eofipound {edlévlated as K,0)
based on. the fotal amount of iren in the
vatalyst. = T

11. A process according to- ahy one of

i

the preceding cleims, in which the re-_

duclion ol the calalysh is effecled =t wt-

mwuspheric pressure with a velocity of the

reducing gas of not leas than 50 centi-
8 metres[second (measured at Toom tem-
perature and stmospheric pressure).

12, A precess according to Clam 11,
in which the velocity of the reducing gas
is mora than 1280 centimetrestecond. -

13. A provcss sceording to any one of
the preceding claivg, in which the reduc-
tion, " of the catalyst “is.. effected i
the reactos im which the hydrogena-
tion of tle carbun monoxide is 40 be
- afferted. D .

-34. A process aceording to axy one of
elaims 1 to 10, in whiekh the reductivn of
the catalyst is eflected under ecuper-
atmospheric pressure at a gas velocity in
65 the range 5 — 40 ceniimestres/second

wm o akmiea ey o - . wm wa
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{megsured ab wom femperature and ab
the superaimespheric pressura}.

15, A process.according o any one of
claims 1 4o 10, in which the reduetion
of the catalyst is effected st subabmo-
splieric pressure. : y R
16, . A process according o any ons of
the preceding -cleims, in which the gus
used- for the reduction of the catalyst has
a -wafer - vapour content of less fhan 1
gramm per cubic malre of gas. o
.- 17." A.process according to Claim 16, in
which the water vapour. content of the
gds 35 less than 0.], gram. per cubie metre,
--.18. A process according to any one of
the precading claims, in which the redue-
tion of the catalyst is cffected wiih & gas
eontaioing hydeogen aidfor ~carbon
munokide at a femperature in the range
2D0°—350° €. for a period ol about 30—
B0 minubes, : ' :

19, A process ascording o any one of
Claims I to LY, in which the reduction of
the catalyst is effested with a gas contain-
ing hydrogen and/or carbon mopoxids at
4 temperature within the ramge 250—
300° "G, for a period of about §0-—240

8. A proccss, a»ccm'.dmgl_lto agy ohe of - -

20. A process sveording to any one of
(Maimsg 1 40 17, in which the raduction ot
the-catolyst 1s effected with a gas con-
tainiag  “leydeogen  andfor  carhon
muavzide ab a temperature helow 250° .
fur 2 period longer tham 2400 minuies and
not- longer than ahout 600 minutes.

21, A prooess aecording v uny one of
the preceding clalms, in which the eom-
ponents used in the production of the
cafalysts vonsist i pert of o salt or sells
Jiaving oxidising properiies, for sxample

“hifrdtes, nitrites and perborates.

22. A proeess according to auy. one of

“the precéding elaims, in which a sittered

-Badasyst is wmsed, the. irom "and eopper
undfor their compemds from, which the
_catalyst iy produeéd, being in the form
E{f){)a powder having a particle sizs helow
i, .

. 23: A process adocording to Clajm 22,
in which ithe pariicle size of the powde-
is below 10a. : ~
24. A process aecording to any one of
the preceding olaims, ju which the cata-

“lyst i used (o a fized bed.

2. A prucess for the synthesis of
esters of high boiling poini, which com-
Prises reaeling hydrogen and carhon
monoxide at a temperature within the
vapge 150°-—350° €. and ut u pressure
within the range -10—&0. atmospheres
absolute iv the presence- of a fused or
sinlered iron-copper-alkali meteal calalyss,
more than 80% of the irom in the catalyst
being hrought inlo tle metallic state prior
to use in the syunthesis by treatment with
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& gus containing hydrogen and for carhon
monoxide at a temperature not exceeding
388" C., the amount of copper in lhe
cetelyst being more than 25% hy weight

5 of the total amount of iron in the
catalyst and the amount of alkuli-metal,
caloulated ag X,0, in the catalysi being
from 6% to 10% by weight of the folal
amogunt of iron.

10 26. A process for the synthesiz of
oxygen-tontaining organic compounds,
which eomprises reacting hydrogen and
earbon monoxide al u lemperature within
the range 180°—270° C. and at o pres.

15 sura within the range 10—50 atmuspheres
abselute in the presence of 2 fused or sin-
tered Irog-copper-alkali metal catalyast,
between 20% and 80% of the iron in the
catalyst halng hrought into the metallic

20 state prior fo use in ’g.le gynilesis by freat-
ment with a gas containing hydrogen
andfor carbon monoxide af 6 temperaturs
not exceeding 850° (., the copper con-
lent of tha catalysi being more than 20%

25 by weight of the fotal amount of irum
therein and the alkali-metal content of the
catalyst, calculated as K,0, being mors
thua 1.5% by weight of ths total amount
of iron.

80 27. A mroeess according fo Claim 25 or

Claima 26 in which the alkali-metsl is
tntroduced into the catalyst in the form
af the hydroxide or carbonate.

28. A process according te any one of
the preceding claims, in which (ail gas 86
of the process is recycled.

28. A process secording to any one of
the preceding claims, carried out in two
or more stages.

80. A provess for the production of 40
hydrocarbons andfor oxygen-contoining
organic compounds by the reaction of
hydrogen and carbon menoxide, substan-
tindly as hereinbefore desrribed.

31. A process for the hydrogenotion of 4b
carbon monoxide, substantially us here-
inberore deseribed with reference {o any
one of ths exumples, :

32, Hydrocarbons and/or ovygen-con-
taining worganie compounds whenever BO
produced by the process claimed in any
voe of the preceding claims.

33, A process for the production of a
fused or sintered iran catalyst containing
vopper, substantially ag hereinbefore des- 55
eribed in any one of the exmnples.

EDWARD EVANS & 00.,
14-18, High Holborn, London, W.C.1.
Agents for the Applicants.

Taawmington Spa: Primtsd for Her Majesty’s Stationery Olﬁmi,. by the Courier Pross.—1855.
Fublished 2t The Patent Office, 25, Southampton Buildings, London, W.C.2, from whick
copies may be obiained.
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and sintered cafulysts are in .practice
exclusively used, for exsmple, in the go-
called ™ Huidized synthesis ” sinee phe
mechanieal  strength the Precipitated
eatuiysts is not sutficient 1o withstangd the
conditions which oceur in this process.
Fused and sinfered catalysts, in Hoth the
nulveruleni und the grannlar stute, have
also Leew used for the wet syutlesis with
moving or fixed-bed catalysts. Tor syn-
thesis with u stationary catalyst disposed
in tubes, the use of 2 fused or sinered
catalyst his been sugpested ag yet only in
n few cuses. The reason for this might
be that catalysts of this kind gereraily
require a higlier operating temperature
than precipitated catalysts to yiald a
CO+H. eonversion of a commercially
nsable level.

The fused and sintered tatalysts hither-
to proposed huve in practice eonsisted to
the extent of more than 90%, preferably
even inore then 93%. of iran. Promoters
such ag aluminium oxide, titanium oxide,
zirconiun oxide as well as silicon diexide

I ]

26, for wches read rotw, -

110, for Mesterst read vegter.
118, for thigsrd read whighepn,
88, ofter nmipe dnsert n,t,

88, afler ngpur ingert "),
line 100, For nzso®s read m3s00C, w,

78, for n3z080. " read wazolo. s,
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paration of eatalysis. for the Lhydragena-
tion of carbon mannxide,

It 15 an objeet of the invention, o pro-
vide a process for the hydrogenation of
carbon monoxide in the presence of it
fused or sintered ivon cata}yrst, in whicl
-goed yields of hydrocarbons and for axy-
gen-containing organie compounds may
Jreadily he obtaineﬂgf

According tn the invention, s process
for the hydrogenation of carbon wmonexide
with tke produetion of hydracarbons and/
oF oxygen-—containing organic componnds
confaining  wore than one carbon
atom in the molecule, comprises effecting
the hydrogenation at a temperatore in
the ranpe 150°—350° C. and at a pressure
in the range 1-—200 stwospherss absolute
in the presence of n fused ox sintered
Iron catalyst confaining more than 20%
by weight of copper relntive o the tolul
amoeunt of iron in the catalyst, which
catalyst has been reduced at u temperg-
ture not exceeding 350° C. prior fo use in
the hydrogenation,
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