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We, RUHRCHEMIE AKTIENGESELLSCHAFT, a

German company, of Oberhausen-Folten,
Germany, and LurGl (GESELLSCUAFT FUER

WAERMETECIINIE M.B.H., a German company,
of Frankfure a.M., Hedderheim, Germany, do
Dereby declare the invention, for which wc
pray that 2 patent may be granted to us, and
the method by whick it is to be performed,
to be particularly described in and by the fol-
lowing statement: —

The invention relates to a process for the
hydrogenation of carbon monoxide.

In the production of precipitated iron, cobalt
and nickel catalysts it has long been known to
add promoters to increase the activity of the
catalysts. Althongh the definiton of the term
promoter is frequently not very precise and
although such promoters or some of them also
funcrion to a ccrtain extent as supporting
materials for the catalysts proper, certain ele-
ments and/or their compounds are definitely
effective as catalyst promoters.  Among the
ost important of these are the alkali-metals
which, particulatly in iren catalysts, ate nearly
always present in a sipaller or larger amount
and In various forms such, for example, rs car-
bonate, silicate, phosphate, fuoride, and the
like. Moreover, copper and silver are fre-
quently mentiotied as promoters. Further pro-
moters, aithough more rarely used, are, for
exarople, alnmina,  eerium,  vanadium,
chromium, manganese and zinc. -

The most important of the class of com-
pounds which are known partly as promolers
and partly as supporting materizls are mag-
nesitim, calcium, strontium and barfem com-
pounds, for example, calcium carbonate, mag-
nesivm carbonate, dolomite and the like, The
large quantities which are frequenty used of
these compounds clearly reveal thar they are
present as supporting materialy rather than as
promoters. It has been disclosed in the lijera-
ture, however, that calcium in an smount of
about 10% based on the iron present exhibits
a favourable promoting effect on the activity
of the catzlyst. Catalysts composed of or con-
taining iron and copper in & proporiivn of

{Price 3s5. 6d.]

ce 1—Classes 1(1), A3B1; and 2(3), B1G, C3A5(C1A2: F4B), C3A10A (4B:
5H), C3A10E(3A1: 5H), C3AI3A3(AIC: B1:-J2), CIAI4A(1B: 7C).

about 30:20 to 10:40 are already known.

It has very surprisingly been found thar
barium prodnceg a particularly advantageous 50
effect in the hydrogenation of carbon monoxide
a5 compared with magnesium, calcium and
strontium, and that synthesis products con-
taining more than 30% of oxygen-contsining
organic compounds can bc obtained with an 35
iron-copper-barinm-alkall caralyst.

According to the inventiom, a process for
the hydrogenaiion of carbon mouozide com-
prises passing a synthesis gas containing CO:

H. in the ratio of from 1:0.5 to 1:10 at a tem- 60
perature in the range 150°—300° C. and at 2
pressire of not Jess than 10 atmospheres over

a recniced caralyst which contmins iron, copper,
bariuvm and an alkali metal compound, the
iron, copper and barium having been co-pre- 63
cipitated from a common soluten of salts of
the three metals, the barium oxide content of
the catulyst being from 10—50 parts, the
copper content being more than 23 parts and
the glkali-meta) content (calenlated as ¥,0) 70
being maorc than 2 parts per 100 pacts of iron,
and more than 509 of the iron in the camiyst
being in the merllic state,

The CO:H, ratic in the synthesis gas is
preferably from 1c1 to1:2 and the preferred 75
conditions of temperature and pressure are
within the ranges 180°—250° C. and 30—50
atmaospheres respectively,

The catalyst preferably contains from 10 to
30 parts of barium oxide; from 50 to 200 parts
of copper, and more than § parts of alkefi (cal-
culated as X,0), all per 100 parts by weight
of the total iron in the catalyst. It s adven-
tageous for more than 75%, of the iron in the .
catalyst to be in the elementary or metallic 8%
state, The catalyst preferably contains little or
no supporting_material bur where supperting
material is used it should advantageously not
he present to the cxtent of more than 10% by
weight of the total iron in the catalyst.

The effect atrained by the process in accord-
anee with the inventon consists not only in an
incrcase im the vield of oxygen-containing
organic cornpounds as compared wirh the yield
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_obtained with catalysts containing other alka-

fine earths, but also in the advantageous mech-
anfcal properties of the catalysts, These mech-
anicgl properties are of great importance in a
synthesis process which results in a consider-
able formmation of oxygen-containing organic
componnds since the synthesis producy con-
tains, jn additon to alcohols, esters, ketones,
aldchydes and the like, appreciable quantities
of free acids which attack the catalyst particles
so that with unstable particles, disintegration of
the particles in rhe synthcsis reactors gccom-
panied by high pressure drops and obstruction
of the rubes must be expected.

Although the advantageous results obtained
by the pracess according to the invention arc
partly brought about by the combinaton of
iron-barium alone, particularly as far as the
mechanical seability of the catalyst particles is
concerned, the optimum yields of oxygen-con-
taining compounds and the most favourable
catalyst activity are only obtained if copper and
alkali, in addition to iron and barium, arc also
present in the caratyst in the quantities referred
to above. :

The alkali-mets] is incorporared in the cata-
Iyst (impregnation) in the form of the
hydrozide, carbonate, bicarbomate or of vola~
tile or decompousable organiz compounds, for
example, formates and oxalates. The use of
phosphates is also possible. Less suitable com-

wmds include, for example, -silicares and

Tates.

The production of the catalysts in accord-
ance wirh the invention is generally effecred in
the conventional manner by rapidly precipitat-
ing the iron copper and bariom from en
agneous solution of their salis with alkali ar
the boil, Catalysts having particularly good
propertics have been found to be obtained if
the pu value of the agusous suspension upon
termination of the precipitation is above 7 and
preferably above 8.2 However, a pH value in
excess of about 10 is not favourable, It is essen-
tial, jn order to obtain a catalyst of optimum
activity that the barium be present in the solu-
tion of the metal salts and be precipitated from
the solution with the iron and copper. Mathods
of operation are also known for the production
of catalysts in which the alkaline carths ave
stitred in after rermination of the precipitation
in a manner which, for example, is analegous
to that used for the introduction of kieselguhr.
Tn this case, the alkaline earth compound func-
tions more or less as a caralysi-supporting
material and does not exhibit the advantageous
propertics as in the catalyst accerding to the
invention, These prnperties arc only preseat if
harium is precipitated frem salution simul-
tuneously with the other components:

After the precipitation the catalyst muss is
filtered hot, Tt is then possible, by & partal
wash, to adjust the alkali conrent ro the desired
amovnt. It is also possible, however, first to
effect a total wash which s suitably carried out

with condensate water but which may under
certain circumstances also be effected with @p
watcr, aud subsequently to incorporate the
desired alkali-metal compound in the ¢atalyst
mass by impregnation. Thereafter, the catalyst
mass is moutded, for example, in an extrusion

press, Prior to moulding, it may be advan-

ragecus in certain circumstances to dry the
catalyst maass for a short period to veduce its
water content. A water content of betwecn
about 509% and 709% has been found to he the
most advantagesus for mounlding the meass in
an extrusion press. The moulded particles are
subjected to a final drying at 4 temperamre of

about 100° C., croshed and sieved, However, -

if Is also possible, for example, o brush or
otherwise form the catalyst mass ito thin
layers on metal plates, to dry it ar a tempera-
rure of sbout 100° C. to o water content of
about 5—10%, and to crush and to sieve the
dried mess. The particle sizz of the catalyst
is determined within certaln limits by the
depth of the layer of the caralyst to be used in
the synthesis. If the layer depth is only low,
pellets of, for axample, as small &5 0.3 mm. may
be used with good results, With deep Iayers of,
for cxample, between 5 and 10 metres, the
caralyst pellers will preferably have a size of
between about 1.5 mm. and 3 mm. Smail-sized
caralyst pellets have the advamiage of exhibit-
ing a particularly high activity.

The reducton of the catalyst according o
the inventon may be effected ar normal pres-
sure, tmder partial vacuure and frequently
advantageously at superatmospheric pressure
as, for ezample, the pressure to be nsed later
In the synthesis. It is possible at pormal pres-
sure to operate with high gas flow velocities
of barween ahout 50 and 200 cm. /second, cal-
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culated under standard eonditions. When the 103

reduction is effected under pressure, an effec-
tive gars flow velocity of between about 5 and
30 cm. /second is preferred. The reduction may
be effected with goses containing hydrogen
andfor carbon monoxide. The temperature
used in the redncrion lics between abour 150°
C. and 350° C. and is preferably berween 250°
C. and 300° C. The reducing gases should
have as low 3 water content as possible, advan-
tugecusly below 1 gram per cubic merre and
preferably less than 0.1 gram/cubic metre of
reducing gas. In any case, it is advantageous
to charge the caialyst to the reduction step
with as low 2 water conteat as possible, that is,
with a water content of below 29, and prefer-
ably of below 0.5%. This low warer content
is obtained by drying at temperatures of

srween=100° C. and 200° C. which drying
is suitably effecred in a current of air.

It has [urthermore been found to be advan-
tapeous for more than 73%, of the iron In the
caralyst to be in the metallic state. Catalysts of
this type give the highest yields of oxygen-
contaiting organic compounds whilst vhe reac-
tion temperatures are at the same time low. |
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The synthesis pressure is at least 10 atmmos:
pheres and is preferably between 30 and 50
atmospheres, High yields of oxygenated corm-
pounds may be obrained with 2 long useful
caralyst life and a relatively low formation of

—C, and C, compounds.
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is to say, with

Gases of various composition the COH,
ratic of which ranges betwcen about 1:05
and 1:10 may be wscd for the synthesis. In
general, a ratio of between 1:1and 1:2 is pre-
ferred. The use of 2 synthesis gas in which the
CO:H, ratio is within the range 1:0.5 to 1:1
results in an increased yield of high molecular
weight oXygen-containing organic compounds,
predominanty in the form of esters, whilst
with an increase in the hydrogen content of
the synthesis gas so that the CO:H, ratio Is
less than & an increased yield of alcohols is
obtaiped.

‘The use of gas recycling 4n the-method of
operation according to the invanrion is gener-
ally preferred with a recycle ratio (recycled
pas:fresh ges) of 1:1 to 3:1. It is also pos-
sible, however, to operate these catalysts In a
synthesis with a single pass of the gas, that

once-through operaton. Iig
yields and high CO+1H, conversion ratés may
be obtained with the catalysts in accordance
with the invention even with single-stage oper-
ation, Llowewver, 8 DWO-BTRge Or multi-stage
operation with the inserdon, if nccessary of
desired, of CO, scrubbing units between the
individusl stages is frequently advantageons,

Particularly favourable operation is possible
with the caralysts described above if 2 fairly
high gas load or space velocity of, for example,
200—500 volumes of gas per volume of cata-
lyst per hour is used. In this case, a consider-
able increase in the yield of alcohols boiling

Synrhesis pressure - = - - -~ -
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in the range of between about 200° C. and 40
300° C. a5 compared with & normal gas load
of 100 v/v/hr. is observed.

The superior effcct of barium exide in the
production of oxygen-containing organic com-
pounds over the effect of calclum oxide are
strontium oxide, is shown in the resnlts set
forth in Tables 1 and 2. The barium-contain-
ing catalyst employed in the rum, the results
of which are given in Table 1 was prepared
by precipitation from a boiling solution which S0
contained, per lrre, 40 grams of iron, 8 grams
of copper and 40 grams of BaQ in the form
of the nitrates, by adding the solution of the
nitrates to a boiling solution of sodimm carbomn-
ate containing about 105 grams Na,CO,/litre 55
of selution. The precipitatc was subsequently
washed very carefully with het condensate
water and thereafrér impreguated with potas--
stuma carbonate so- that 8 parts of atkali, calcu-
lated as K,0O, were present per 100 parts of 60
iron. The catelyst mass was brushed on to
metal plates, dried for 24 hours al a tempera-
mre of abour 110° C. and subsequendy
crushed ro a gain size of 2—4 mum. In the same
manuer, two other catalysts were produced, one 6%
conraining 40 grams of CaO in place of the 40
grams Ba0 and the other contaning 40 grams
of S10 in place of the 40 grams.of BaO. These
catalysts were reduced for 4 hours at 4 tem-
perature of 320° C. at normal pressure with 2 70
gas mixture consisting of 75% H, snd 25%

N, using & linear gas velocity of 1.5 metres/
sccond.  ‘The reduction value of all catalyss
ranged between 90 and 93%. The following
table shows the synthesis results obtained with 73
these catalysts under the following condi-
tons;— .

45

30 atmospheres

Synthesis gas - - =~ = -~ -~ = Water gas
_ Gas load of the caralyst - - = - - 100, volumes of gas per volume of catalyst
per hour
The synthesis reactors used were the so-called double-tube reactors.
Tapte 1.
8 K0 8 K.0 8 K.0
<« Caralyst compasition 100 Ye 100 Fe - 100 Fe
20 Cu 20 Cu 20 Cu
. 100 BaO 10 Ca0 100 SO
Synthesis temperature © G- - - 193 210 224
CO+H, conversion % - - = - " 61 55 45
Products boiling above 320° C. based on
total liquid product % - - = - = 18 13 11
- QOlefins 30°—180° C. % - - - - - 17 18 22
Oxygen-containing  organic componnds
- g0P—-180° C.9%*- - - - -~ " é2 56 56
Olefins 180°—320° C. % - - - - 18 1% £y
Oxygen-containing  OLganic cornpounds
1gp°—320"C. %h- - - = - = a7 56 35
Aboved320°C% - - - - = ¢ 54 44 37
Above 460° C. % - - = - = -~ 38 32 40




mal gas logd a considerable iraprovemenr of
the activity and a decrease of the synthesis
temperature is made possible, and that a reduc-
tion of the barium czide content from 100 to
50 25 parts based on 100 parts of iron peomits a
certain decrease of the synthesis tcmperature.
The results shown in Figure 2 were obtained
with double the normal gas loed, that is to
say, at 200 v/v/hr. Within the temperature
range provided, at least 3 parts of sopper are
required with a ratio of 100 Fe:100 BaQ w
ensure satisfactory operation. It should be
noted that ar temperatures in cxcess of about
250°—260° C. all of the catalysts, particularly
after operational periods of several months
duration, are prone to a mere or less high

3
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In another series of experimenis in which only 50 instead of 100 parts of slkaline earth
were used, similar results were obtained.
TasLy 2.
- % K0 8 .0 3 X.0
b Catalyst compasition 100 Fe 100 Fe 1630 Fe
) ) 1Cu . 1Cu I Cu
100 BaD 100 Ca©C 100 5O
Synthesis temperature * G, - -~ - - 210 232 240
CO+H, conversion % - - - - = 55 48 41
10  Products boiling above 320° C, based on
total liquid product % - -~ - - - 15 8 7
Olefing 30°—180°C. % - - - - -~ 13 27 22
gen-containing  organic  compounds . .
80°--180° C, 9%*- - - - - = 63 51 . 58
15  Olefins 180°---320° C. % - - ~ d- 12 .25 22
ygen-containing  organic  compounds '
0?8%0——-320"' Cr% - - - - P- - 53 40 43
320—460° C. % - =« = = - = 43 32 40
Above 46G6° C. Y- - - - - - 32 15 —
20 *The oxygen-containing organic compounds boiling below 30° C. ere for the predomi-
pant part contained in the aqueous phase.
In another scrics of experiments in which cxtent to 4 disintegration of the particles which
continnous operation was used, similar results frequently resulted in obsiructions of the syn-

: were obtained. thesis tubes, Also with a ratio of 100 Fe:50
25 in the accompunying drawings, the effect of BaO at least about 2 parts of copper per 100 85
the barium and copper content vn the activity  parts of iron mmst be present.  Satisfactory
of the catalyst is shown. operation was only obtained in the 100 Fa:

In each of Figures 1 to 4 of the drawings; 25 BaO scries of experiments,
the Cu contents of the catalysts In parts The results shown in Figure 3 were obtaioed
30 weight per 100 parts of iron are given as with a space velocity of 300 v/v/hr. Figure 3 70
abeciss®, and the svithesis temperatnres in  roveals that all of the catalysts of the 100 Fe:
degrees Cenrigrade arc given as ordinates, Fach 100 BaO series and, therefore, also the copper-
of the catalysts had been impregnated with 8 zich catalysts, failed within the temperature
parts of Kué per 100 parts of Fe, as described range provided, that is to_say, they required
3% in relation to the caralysts employcd in theruns  remperatures of about 250° C. for @ CO--FI, 73
the results of which are piven in Tahles § and conversion of abour 62% and showed within
2, The synthesis pressure i each case was 30 this range of partial disintegration of the par-
armosphéres and water gas was used as she  ticles resulting in 2 more or less high pressure
synthetic gas. The CO-+H. conversion in cach  drop after a relatively short period of operation.
40 casc was maintained in the range 61—63%. From the 100 Fe:50 BaQ series, the only 80
The results shown in Figure I were obtained  caralyst which showed satisfactory performance
with a normal gas load or space vclocity of was that with 30 Cu. From the 100 Fe:25 BaO
100 volumes of synthesis gas per volume of series all of the catalysts which contained less
catalyst per hour (100 v/v/hr.). Figure 1 shows than 20 parts of copper per 100 parts of iron
45 that with an Increasing copper content af por-  failed. : BS

Figure 4 reveals that with the 100 Fe:25
Ba0:50 Cu type catalyst even a fourfold and
fivefold aas Ioad conld be reached within the
temperature range provided. The point marked
by a cross rclates to the foerfold gas load 90
(400 v/v/kr.} whilst that marked by a circle
relates to the fivefold gas load (500 v/v/he.).

Comparative tests were carried out with cam-
lysts. in which the same ratio of iron:copper
was used, but which contained no supporting 535
marerial, These catalysts, while giving good
results with normat and shightly increased load,
likewise showed. a gradual disintegration with
a threefold to fivefold gas load.

The following Tahle 3 which is cnly an 100
extract from the results obtained in a great
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to an increased actvity the catalysts in accord-
ance with the invention (10—15 parts BaQ znd

777,825

numuber of expermernts, shows that in addition  more than 25 parts Ca per 100 parts Fe) have

L]

the additional advantage of giving a lowet yield 3
of methane in the synthesis product.

TaBlE 3. .
METHANE FORMATION
- 100 Fe 100 Fe 100 Fe
10 10 Cu 20 Cu 50 Cu
Methane formation with:— .
160 B3O = = e - s e . 14.0% 11% . 3%
W BO- - « - - .. o . 1L8% — C70% -
23 BaQ- - - - - - -« . 103% — 55%

13 (All experiments were carried put at 30 6. A process according to any one of the
atmospheres with a normal water gas load of preceding claims, in which the” barium and
100 v/v/hr.). oxide content is withiz the range 10—30 parts 63

Furthermore, it was observed that as the per 100 parts of iron.
copper content of the caralyst increases an 7. A progess according to any ome of the

20 appreciable increase in the yield of oxygen- preceding claims, in which the copper content
containing organic compounds takes place, as 15 within the range 90-—200 parts, and the
can also be seen from Table 1. A still further alkali-meta) content is greaier than 5 parts, per 79
increase in the proportion of oxygen-contain- 100 parts .of iron.
ing ozganic compounds was obtained in the B, A process zccording to any one of the

23 case where 30 parts Cu per 100 parts Fe were  preceding cleims, in wiuch the gas through-

added.

Moreover, physical measurements revealed
that an inner surface arez of the reduced cata-
Iyst of approximately 10—110 square metres

30 for cach gram of present iron is of advantage.
The opritnmm range seems to be thar of
between about 30 and 80 square metres.

What we claim is:

. A process for the hydrogenation of carben

35 monoxide, which comprises passing a synthesis
gas containing CO:H, in rthe ratio of from 1
0.5 to 1:10 at a temperaiure in the range
130—300° C. and at u pressure of not less than
10 aumogpheres over-a reduced caralyst which
contains iran, copper, barfum and an alkali
meral compound, the iron, copper znd barium
baving been co-precipitated from a common
solution of eals of the three metals, the barium
axide conrent of the catalyst being from 10—
30 parts, the copper content being mora rhan
23 parts and the alkali-metal content (calcu-
- lated as K,O) being more than 2 parts per 140

40

45

pacts of iron, and morc than 30% of the iron.

in the catalyst being in the metallic state,

Z. A process according o Claim 1, in which
the temperature {s within the range 180°—
250° C. :
~ 3. A process according to Claim 1 or Claim

2, in which the pressure lies within the range
55 30—>50 atmospheres. .

4. A process according to any ome of the
preceding claims, in which the caralyst con-
taine no supporting material, - -

5. A process according to eny one of Claims
1 0 3, o which the caralyst contains a support
constituting ot more than 10% by weizhe of
the iron in the catalyst. °

30

put is from 200—500 volumes of gas .per
valume of catalyst per hour,

9. A process according to any one of the pre-
ceding claims, in which more than 759% of the
iton is in the metallic state.

10. A process according to any one of the
preceding claims, in which the CO: H, ratio in BD
the syntheris gas is within the range 1:0.5 to
1:1 w give an increase in the yield of 21~
containing componnds, particularly esters, of
high molecular weight,

11. A process accurding to any one of Claims g5
1 to 9, in’ which the CO:H, ratio in the syn-
thesis gas bas a value of less than + to give an
increase in the yield of alcohols.

12. A process for the production of oxygen-
containing organic compounds by the hydro- 90
genation of carben monozide in the presence
of an iron-copper camlyst activated with
barivm compourd and an alkali-metal com-
pound, substantially as hereinbefore described.

13. An iron catalyst containing copper, 95
barium and an alkali-metal compound with no
support or with a support marerial which con-
stirztes not -more then 10% by weight of the
iron, the barium oxide comrent of the catalyst
befng from 10%—-50%, the copper content 100
being more than 259 and the atkali-meral con-
tent (calcudated as X,0) being more than 29
based on the roral iron content of the catalysr.

14, Oxypen-Tontaining organic compounds
and hydrecarbons when produced by the pro- 10s
ess claimed in any one of Claims 1 to 12,

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

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press 1957,
Published at the Patent Office, 26, Southamplon Buildings, Londen, W.C.2, from which
opley roay bo obtained
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A SHEETS  1hus drowing is o reproduction of
the Origingl on o raduced scola.
SHEETS 3 &4
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