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COMPLETE SPECIFICATION

Process for the Catalytic Hydrogenation of Carbon Monoxide

We, RHEINPREUSSEN  AKTIENGESELL-
SCHAFT FUR BERGBAU UND CHEMIE, of Hom-
berg, Micderrhein, Germany., 2 Gorman
Company, do hersby declare the invention,

5 for which we -pray that a patent may be
ganted to us, and the method by which it
Is to be performed. to be parfeulasly de-
scribed in and by the following statement: —

The invention relates to a provess Tor the

10 production or synthesis of hydrocarbons,
with or without the synthcsis of oxygen-con-
taining organic compounds, from carhon
monoxide and water vapour or steam pas-
ticalarly fromn carbon monoxide-containing

15 industrial gases and wafer vapour or steam.

Patent No. 707.972 rcluics to a process for
the production of hydrocarhons and OXygen-
containing orsunic compounds by (he reace
tion of carhon monoxide with water vapour

20 in the presence of a catalyst at ‘elevated
temperature and at normal or elevated pres-
sure, in which with the use of temperatuzes
in the range 150°—-400°C. and pressures
of from 1 to 200 atmospheres, the mixture

25 of carbon monoxide and waler vapour is
contacted with a catalyst which comfains a
metal of the cighth group of the periodic
system of etements, preferably cohalt, iron.
nickel or ruthenium, and which may also

40 contain supporting substances and/or pro-
mofers, and which has first beon activated
by treatment with carbon wmonoxide and, if
necessary or desired, with hydrogen, or with
a mixture of CO.and H,, at a lemperature

35 In the range 150°— 500°C, Suitahle pro-
moters are compounnds of alkali metals, al-
¥aline earth metals and maenesium, difii-
cultly reducible oxides, such as thortwm
oxide, cerivmn cxide, aluminium oxide. or

40 chrominm oxide; us well as compounds of
the clements manganese. vanadium, horen,
copper. nickel, silver, or guld. The hydro-
genation ‘of carbon monoxide may be car-
tied out in bme or maore stages as well as

45 with recycling, the carbon monoxids/water
vapour ratin belng udjusted after each stage.
The canbonggonuxidsfwater vapour ratio

‘tage s substantially

may be Trom I to 4 volumes of carbon moxn-
oxide per votume of water vapour; however,

it Tas been found to be particularly ad- 50
vantageous to wse af Ieast 2 volumes of cor-
bon manoxide for each volume of water va-
pour or steam. The production of hydro-
carbous with or without the synthegis of
vrygén-containing organic compounds by 55
Teacting carbon monoxide with water vapour
may be carried out in the presence of fixed-
bed catalysts as well as in the liguid phase
with the use of catalysts whick ara suspend-

ed in a liquid medinm, However, a Suidized. a0
bed catalysis may also be employed.

Thus, the preliminary treaiment of the
catalysts was carried ouwl in such manner
that they were reduced with hydragen or
with carbon monexide, or with carbon mon- 65
oxide and subscquently with hydrosen, or
with mixinres of ‘carbon monoxide and Ty~
drogen. However, such a preliminary reduc-
ing treatment for the activation of the cata-
Iysts renders it necessary at the beginning of 70
the actual synthesis to changc over to a
completély new gas if it is desired to carry

-out the synthesis with steam and an indus-

trial carbon monoxide-containing gas which

iy substantially frec from hydrogen and Tich 75

in one or more gases ineffzclive to redwee
and activate the catalysts, such, for example,
as producer gas or blast-furnace gas.

It has now been found that this disadvan- _
completdy avoided by 80
cafrying out the lpreliminary teducing frenl-
ment of the catalyst directly with the gases
which are subsequently wsed with steam in
the synithesis. .

According to the invention, therefore, a gs
process for the reduction and setivation of a
catalyst prior to its nse in the synthesis of
hydrocarbons from carbon monoxide and
steam, with or without the simlianeous
synthesis of oxygen-containing organic come a0
pounds, comprises ireating the oatalyst with
an_indestrial gas containing carbon mon-
oxide and which is rich fn one ur more gasas
ineffective 10 reduce and activate the cata-
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lyst.

The invention further provides a process
Tor the synthesis of hydrovarbons, with or
withont the synthesis of oxyger-confalning

3 organic ¢ompounds, by the reaction of car-
bon monoxide and steam in the prescnee of
o catalyst containing a metal of the eighth
gronp of the periedic system, in which the
catalyst used in the synihesis has previously

10 been rednced and activated by itrcatment
with a carbon monoxide-containing indus-
trial gas rich in one or more gases ineflective
to reduce and activate the catalyst.

1t was by no means to be expected ¢hai

15 it would be possible (o activale the catalysts
in this mannucr with carbon monaxide-con-
taining indystrial gases; rather was it as-
sumed that, for example, by treatment with
a blast-furnace gus contaiming only 329) by

Zirvolume of components (CO and H.) =ffective
to reduce and activate the catalyst, {he de-
gree of reduction neecssary for the synthesis
woild not he obtained due to the hish nitro-
cen comtent of the blast-furnace gas.

25 However, according io the invention, an
additional advantage of the preliminary
treatment of the catalysts resides in the dis-
covery that the high nitrogen content of the
industrial gases, cven during the activating

30 period, suppresses to a hizh degree any ex-
cessive and harmful separation of carbon.

Thiz activation is carried out with particu-
lar advantasz at normal pressure: superat-
mospheric pressures may, however, also be

85 used, The temperatures wsed dwing the pre-
liminary reduction and activation of thecata-
Ivst range between the synthesis temiperatuie
subsequendy employed and 100°C., advan-
tageously 20°—30°C., above the synthzsis

40 tamperature. The duration of the period of
activation of the catalyst is preferably such
as o convert the metal of the cighth gronp
tn the extent of more than 5095 inte the
slementary stute and/or into o definite or

indefinfte comnound with curbon. 45

The prelimipary treatment of the catalysis
is suitable for ol methods of carrying out
the syntliesls from carbon monoxide and
steam, that is fo say, it may be used in @ syn-
thesis carrded out in the gaseous phase with 50
fixed-bad catalysts, in u synthesis carried out
In the liquid phasc usivg a suitable lignid
medium, and jn the fnidized process and
moving bad process, as well as in aifl pro-
cessas in which the gas, and;or the catalyst 55
suspension are recyeled,

The synthesis js preferably cffected at a
temperalurs in the range 180 — 280°C. and
at a pressure which is not substantially in
excess of 100 anmospheres guuge, “1'he 60
COQ/H,O rativ in the synihesis gas is prefer-
ably not loss than 2 and not ereater ihan
The advantage und the praetical import-
ance of a preliminary {reatment of the cata- 65
iysts with carbon micnoxide-conluining in-
dustrial gaszs are dlusirated by tha following
example: —

ExavpLy

An alkalised Fe-Cu-Kiesclguhr catalvst of 70
the composilion ¢ 100 Fe : 05 Cu : 2
K.CO, : 100 Kieszlouhr which was obtain-
ed in known manoer by precipitation’ with
sodiom carbonale from the nitrate solutions
of iron and copper was divided into two 75
portions a} and by which were respectively
subjected to preliminary ircafment in the
following manner;—

a}) 24 hours with blast-furnace gas at
210°C. under mormal pressurc and at a 80
space velocity of 100 based on the carbon
moenvxide present-in the blast-furnace gas,
and

b} with puwre carbor monoxide, the con-
ditions being otherwise the same as those 85
ased with a),

After this activation. the catalysis pre-
seinted the [olowing picture:—

Content of ale-

Catalyst Degree of reduction
80 of the catalyst mentary carbon 90
% in the catalyst
wi%
4} pre-treated
with ®last-
85  formace gas 75 18 95
b} pre-treated .
with CO s57 . 157

When, at a gauge pressure of 20 atmo-
sphares and gt 3 temperatore of 240° —
1060 260°C., a wixtwe of blast-furnace gas and
water vapour in the ratio 3 volumes of CO i

! vohune of 0 was passed over the fwa
catalysiz at 4 spase velocity of 200 based

on the CO content of the hlast-furnace gas,
165 caialyst sk pre-treated with blast-furnace
gas, gave, with zn average CO-conversion of
90% by volume, a yield of 300 kilosiams of

hydro-carbons per kilogram of Te, whilst
catalyst b), activated with pure carbon mon-
oxide, gave a yicld of 220 kilograms of 110
Lydrocarhons per Lilogram Fe. -

What wa claiin is:—

I. A provess for the reduetion and activa-
tion of a catalyst prior to its use in the syn-
tiesis of hydrozarboss with or without the 153
syithesis of oxygen-containing organic com-
pounds from carhon monoxide and sieam,
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which comprises treating the catalyst with an
industrial pus conteining carbon monowide
and rich in one or more gases ineffective to
reduce and activale the - catalyst,

& 2. A process for the synthesis of hydro-
-carbons by the reaction of carbon monoxide
with steam in the presence of a catalyst con-
faining a metal of the eighth group of the
petriodic sysiem, in which the catalyst used

10 in the synthesis hag been previously reducad
and activated by treatment with a carbon
monotide-contaloing indusirial gas rich in
one or more gases ineffective to reduce and
activate the catalyst.

15 3. A process according to Claim 1 or
Claim 2, in which the gas used in the reduc-

-Hon and activation is producer gas or blast
furnace gas.

4, A process accarding to Claim 1 o

20 Claim 2, in which the reduction and activa-
tion of the catalyst is carried out at a fem-
perature in the range 150°—S00°C.

5. A process according to Claim 2, in
which the reduction and activation of the

25 catulyst is carricd out at a temperature which
is higher than the temperature of the syn-
thesis in which the catalyst is used and which
is not mare than 100°C. above that synthesis
temperaiure,

B0 6. A process according o Claim 1 or
Cluim 2, in which the reduction and activa-
tion of the catalyst is carried out at or abowt
normal atmospheric pressure.

7. A process for the synthesis of hydro-

35 carbong with or without the syothesis of
oxygen - containing organic compounds,
which comprises contucling a mixture of car-
bon monoxide and steam in synthesis pro-
portiens with a catalyst conlaining a metal

40 of the cighth group of the periodic system
at w temperature in the range 150°—400°C.
and at a pressure within the range from
normal atmospheric pressure lo abeut 200
atmospheres gauge, (e catalyst having been

45 activated prior to use in the synthesis by
treatment, at a temperaiure within the range
150°-—500°C., with a cathon monoxide
conbaining industrial gas rich in one or more
gases instfective to reduce and activate the

50 catalyst.

8. A process according to Claim 7, in
which the industrial gas is blast-furnace gas.

9. A process according o Claim 7. in
which the ndusitial gas is produncer gas.

10. A process according to any onc of

Claims 7 to 2, in which the activation of the

catalyst is cffccted at or about normal afmo-

spheric pressura.
1i. A progess according io any ons of

60 Claims 7 to 10, in which CO/H,O ratio in

the synihesis gas lies between 1:1 and 4:1.
12. A process according {0 any one of
Clalms 7 to 11, in which the CG/E,0 ratio

55

in the synthesis gas is at Ieast 2.

13. A process according to any ome of 85
Claims 7 to 12, in which the CO/H,0 ratio
in the synthesis gas is not bess than 2 and
is not. greater than 3.

i4. A process according fo any one of
Claims 7 to 13, in which the temperature 70
used in the sctivation of the catalyst is
higher than the synthcsis temperature but
is not more than 100°C. hisher thun the
synthesis temperaturs. -

15. A process according to any one of 75
Claims 7 to 14, in which the activation of the
catalyst is carried out at & temperature which
is from 20°C. to 30°C. higher than the syn-
thesis teinperature.

16. A process according to any one of go
Claims 7 to 15, in which the synthesis is
effected al a temperaturs in the range 180°
—280°C,

17. A process according to any one of
Claims 7 to 16, in whick the synthesis is 85
effecied at a pressure nol substantially in
excess of 100 atmospheres pauge,

18, A precess according to any onc of
Claitos 7 to 17, in which the mefal of the
vigath group in the eatalyst is iron.

19, A process according to any one of
Claims 7 to 18, in which the daration of the
petiod of activation of the catalyst is such
as tu convert the metal of the eighth gronp
to the extent of more than 30% into the a5
etementary state aud/or into a definite or
indefinite compound with carbon.

20. A process according o any one of
Claims 7 to 19, in which the synthesis gas
comprises a carbon monoxidse-centaining in- 1G0
dusirial gas which is relatively free from
hydrogen,

21. A process for the reduction and acti-
vatien of a catalyst coftaining iron, cobalt,
nickel or ruthemium and suitable Tor the 105
hydropenation of carbon monoxide, which
comprises effecting the reduction and zcti-
vation of the catalyst with o CO-containing
gas whicl. contains more nitrogen thap CO.

22, A process for the reduction and acti- 110
vation of a catalyst prior (o its use in the
synthesis of hydrocarbons from carbon mon-
oxide aud steam substantfally as hereinbe-
fore described. '

23. A process for the reduction and acti- {15
vation of a catalyst prior (o Hs use in the
synthesis of hydrocarbeus from carbon raon-
oxide and steam substantially as hereinbe-
fore desaribed in the Brample with rcfer
ence 1o the use of blast-furnace gas. 120

24. A process for the synthesis of hydro-
catbons from carbon monoxide and steam
substantially as hereinbefors described.

HDWARD EVANS & (0.,
14-18 High Helbom, Londen, W.C.1,
Agents for the Applicants.
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