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Process for the Hydrogenation of Carbon Monoxide in the
Presence of an Iron Catalyst

We, RumecEevin  Axrmyeessri- 200° . preferably at a {femperature

sCHAYT, of Oberhausen-Holten, Germany,
a German company, do lereby declare
the invention, for which we pray that a
6 patent may be granted to wus, and the
method by which it is to be performed, to
be particularly described in and by the
following statement:—
The invention relates to a process for
10 the hydrogenaiion of carbon moenoxide in
the presence of an iren catalysé, whereby
hydrocarbons and oxygen - containing
organic compounds are produeed,
The hydrogenation of carbon monoxide
15 at atmospheric Ipressura with iron cata-
lysts is generally effected at an initial
temperafure within  the approximate
range 210° C—R20° ¢ After a relatively
guick traversing of the lower initial tem-
20 peratures, g satisfactory carbon monoxide
and hydrogen conversion of approxi-
mately 60—75% with a load of 100
volumes of synthesis gas per volume of
catalyst per hour is ohtained only within
25 this temperature range. Having regard
te the fact that iron catalysts effect a
partial conversicn of the gas constituents
with the formation of carbon dioxide at
normal atmospheric pressure, a pure
carbon monoxide conversion of approxi-
mately 80%—86% is effected Approxi-
mately 15%-—26% of the synthetie pro-
ducts may be obfained in the form of
bhydrocarbons of high molecular weight,
particularly paraffin wazes, with weakly
alkalized iron ecatelysts, the methane
formation Theing generally between
10%—-16%, of the total conversion.
I has been found that the methane
40 formation Is considerably reduced, and at
the same time a considerably inereased
formation of hydroearbons of high mole-
cular weight and an inereased length of
life of the catalyst ave obtained if the
45 Iron catalyst is extracted several times
within the first 500 hours on-stream, the
synthesis being thereafter continued at a
temperature within the range 170° .-
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within the range 190° C.—200" C. The 50
number of extractions needed im the first
500 hours will vary from four fo seven.

Aecording to the imvention, in g pro-
cesg for the synthesis of hydrocarbons and
oxygen-containing organic compounds by 35
the hydrogenation of carbon menoxide at
atmospherie pressure in the presence of -
an iron catalyst, the catalyst is brought
info operation in the synthesis at o tem-
perature within the range 170° C.—R200™ G0
C. and in such manner that in the course
of the first 500 honrs of operation ths
catalyst is exiracted from four to seven
times to remove high boiling synthesis
products therefrom, the synthesis being 65
thereafier continued at a temperature
within the range 170° C.—200° C., pre-
terably within the range 190°—200° C.

Hitherto, in the synthesis effected at
normal pressure in the presence of an iren 70
catalyst, the synthesis temperatures used
in the process aceording to the invention
have been quickly traversed when the fron
catalyst is placed onstream, for the reason
that satisfactory conversiong have not heen 75
obtained at these temperatures, 'The
carbon monoxide snd hydrogen conversion °
in this temperature xrange normally
amounts to only 30%—40%. The present
invention is based on the surprising obser- 80
vation that, in spite of the temperature
being approximately 20° below the syn-
thesis temperature normally used with an
iron eatalyst, normal conversions can he
obtained as scon as the ecatalyst has been 85
extracted several times at these low tem-
peratures.

It is known that iron catelysts, due 1o
the high content of hydrocarbons of high
molecular weight, particularly paraffin 80
wazes, in the synthesis produets, kave to
be extracted relatively freqmently, Such *
extractions are generally effeeted  with
hydrocarbon mixtures at the synthesis
temperature in mse at the time. An iron 95
catalyst used in the synthesis at 170° §.—
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- 200" O. geeording to the invention, has to
be extragted on the average only after
T10—150 hours of operation. Whilst up o
the first extraction the conversion remains

5 quite unsatisfactorily at 30%—40%, a re-

markably improved conversion is obtaine

after the first extraction, even though the
gynthesis temperature is not raised. After

4 to 7 extractions of the catalyst, within

the first 500 hours of operation, the

normal (CO+H,) conversion of approxi-
mately 72% is attained. Thereafter, at
the preferred synthesiz temperature of
190°~—200° C., the catalyst can be used

15 for a long time, generally for about 2000
to 4000 operational hours, before its
activity is reduced. If the period of oper-
ation exceeds this, the reduced activity of
the catalyst, and with it the conversion,

20 can always be brought back to the normal
level by imcreasing the synthesls tempera-
ture in the manner usual at present.

To éarry out the process of the inven-
tion, an iron catalyst is advantageously

25 used which has been impregnaied with an

16

‘alleali-metal sali of a non-volatile geid, for

example, with potassium silicate or a suit-
able polassium phosphate, The reduetion
of the catalyst has to be effected at a high
speed of flow with hydrogen af tempera-
tures within the range 200° .——350° (.,
preferably at temperatures within the
rangs 200° G.~-250° C.
Owing to the low synthesis tempera-
35 ture, at which iron ecatalysts are used
according to the invention, the methane
formation remains considerably lower
than in the hydrogenation of carbon mon-
oxide as generally effected at present with

80

45
version. The yield in hydrocarbong beil-
Ing above 3007 C. is comsiderably higher
as compared with the yield when using
iron catalysis in lmown manner.

45 The life of the catalyst s also consider-
ahly lengihened by the method of opera-
ilon according to the invention, Due to
the high conversions obtained at low tem-
peratures, the thermal sirain on the cata-

00 lyst is considerably less than in processes
hitherto used. Furthermore, an increased
range of temperature is available over

which the syntlesis temperature may be

gradually increased for restoring the cata-
55 [yst to its original state of high activity.
The permissible end temperature in the
synthesis under mormal pressure at a
normal throughput of 100 volumes of syn-
thesis gas per volume of catalyst per hour
29 is approximately 230° (.—235° C. If the
catalyst is tuken into operation at a fem-
perature of 210° (. in the manner as
hitherto practised, then a temperature
interval of only 15° C.—20° C. Is avall-
65 able for the graduszl increase of the syn-

~catalyst Is raised o 35° (.—10° C., which

iron catalysts, in spite a high toial con-

-thesis temperature, With a synthesis tem-

perature of 170" C.—200° C. according tu
the inveniion, the total temperature
interval available during the life of the -
makes possible a correspondingly longer
use of {he catalyst.

The invention is illustrated by the
following example,

An iron eatalyst, which contained 10U 76
parts iron, B parts copper and 10 parts
calcium gxide, was preelpitated by means

-of sodium carbonate from a mixed solu-

{ion of the corresponding nitrates at a
hydrogen ion comeentration of pu=7. 80
The precipitated mass was separated by
filtration and carefully washed and, after
drying, was Impregnated with small
guantities of an alkali-metal salt of a
non-volatile acid (for esample, potassium 85
silicate), The reduction which followed
was carried through in sixty minutes with
hydrogen at a temperature of 225° (. and

at a high rate of flow. The catalyst was
then put on stream in the synthesis af 2 90
témperature of 160° (., with a load of 10U
normal litres of water gas per litre of cata-
lyst per hour, Within 48 hours the syn-
thesis temperature was raised to 195° (.
This resulted in & (€O +H,) conversion of 95
approximately 89%. During the course of
the pext forty-eight hours the conversion
fell to 30% owing to the depositien of
parafiin wax on the catalyst.

The catalyst was then extracted with 100
four times its volume of a diesel oil frac-
tion hoiling in the range 220° (.—300° C,

Immediately after this extraction, the
catalyst was again used in the synthesis
with water gas when the (CO+H,) con- 105
version inereased io 48%. Owinpg to the
deposition of paraffin waxes on the vatu-
Iyst, the yield fell to 36% within the next
120 hours.

After further extractions, each with the 119
quadruple quantity of the diesel oil nsed
above, the conversion increased fo 9%,
625, T0% and T3% respectively, and fell
after several days of operation due to the
deposition of paraffin waxes on the cata- 115
Iyst, The seeond, third, fourth and fifth
extractions of the eatalyst were effected
after 216 howurs, 316 hours, 416 hours and
516 hours on-stream respectively,

-After the fifth extraction, the catalyst 129
could be operated with a conversion of
dpproximately 72% af a constunt opera-
tional temperature of 198° C. for several
thousand hours, an extraction of the eata-
lyst being therealler necessary every 125
seven days at first, and later on every
10—14 days, owing te the paraffin wax
deposit. After each extraction, the iron
catalyst again showed practically its com-

plete activity. i30
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In spite of the high (CO+H,) conver-
sion, the meihane formation remained
very small, and never exceeded 8%-—109%.
The yield of hydrocarbons boiling ahove
300" . was econsiderably higher than
with iron catelysts bronght inte operation
at the usual temperatures,

‘What we claim ig:—

1. A process for the synthesis of hydro-
cathons and oxygen-comtaiming organic
compounds by the hydrogenation of ear-
bon monoxide at atmospheric pressure in
the presenee of an iron catalyst, in which
the catalyst is brought into operation in
the synthesis at a temperature within the
range 170°—R200° O. and in suech manner
that in the course of the first 500 hours of
operation the catalyst is extracted from
four to seven times to remove high hoiling
synthesis products therefrom, the syn-
thesis being theveafter continued at a
temperature within the range 170" C.—
200" C., preferably within the range
180° C. to 200° C.

2, A process according to claim 1, in 25

which the iron catalyst, prior fo uge in
the synthesis, is impregmated with an
alkali-metal salt of a nom-volatile acid,
and is reduced with hydrogen at high rate

of flow al a temperature within the range 30

200° .—350° (., preferably within the
range 200° 0.—250° C.

3. ‘A process for the catalytic hydrogen-
ation of carbon moncxide, substantially
as hereinhefore described. .

4. A process for the catalytic hydre-
genation of carbon monoxide, substanti-
ally as hereinbefore deseribed with refer-
ence 1o the example,

o3

_ 5. Hydrocarbons and oxygen - contain- 40

ing organic compounds whenever pro-
duced by the process claimed in any one
of the preceding. claims.

EDWARD EVANS & CO.,
14—18, High Helborn, London, W.C.1,
Agents for the Applicants.
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