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The hydrogenation of carbon monoxide with lron
gcatalysts is effected at atmosphsric pressure and at a
starting temperaturs wlthin the approximate range 210°¢.
- 22000. After a relatively quick traveraing of the lower
starting temperatures, a sabisfactory carbon monoxide and
hydrogen converaion of approx;mately 60 - 75% with a load
of 100 cu,m. synthesis gas per cu. m. of cabalyst volume
is'obtaihed only within this temperature range. Having
regard to the fact that iron catalysts effect‘a partial
conversion of the gas constituents with the formation of
carbon dioxlde at normal atmospherlc pressure, a pure
carbon monoxide conversion of approximately 80% - 96%
18 effected. Approzimately 15% - 25% of the synthetic
products 1ln the form of high molecular hydrocarbons,
particularly paraffins, may be cbtalned with Weagly
alkallzed iron catalysts, the methane formation being
generally betwesn 104 - 16% of thé total conversion.

It has been found that the methane formatlion

is considerably reduced, and at the same time a consilder-

- ably incresased formation of high molecular hydrocarbons

and an increased length of 1ife of the catalyst is

obtained if the synthesis s effected at 170 C. - 200°C.,

preferably at 100°C. - 200°C, |
These synthesis temperatures, employed accord-

ingfto the invention, in the synthesis under normal

preésure nitherte usual with Ilron cabalysts, are quickly

traversed during the starting for the reason that they do
not yisld satisfactory conversions. The carboh monoxide
and hydrogen conversion amounts in this temperature range

to only 30% - 40%4. The invention is based on the surprls-
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.% observation that, in splte of the temperature being
approximately 20° below the normal synthesis temperature, normal
conversions c¢can ba obtained as soon as the catalyst was several
times extracted, at these low temperatures.

It 13 lnown that iron catalysts, due to thelr high
paratfin forma%tion, have to be extracted relatively frequently.
Such extractions are generally effected with hydrocarbon mixtures
at the ayntheais temperature prevalling at the time. An iron
catalyst used in the synthesis at 170°C. =~ 2009°C. according to
the iInvention, has to be extracted on the aversge only aflter
70 -~ 150 hours of operation. Whilst up to the first extraction
the conversion remains quite unsatisfactorily at 304 to 4O%, a
remarkably improved conversion 1s obtalned after the firat
extraction, even though the aynthesls temperature is not railsed.

After l} to 5 extractions of the catatyst, that is to say, after

Y500 ~ 700 hours of operations, the normal (Gﬁl+ Hp) converalon

of approximately 72% is attained. At the synthesis temperature

of 190° - 200° the catalyst can be used for a loné time, generally

. for about 2000 to 4000 operational hours, befors its activisy

1s reduced. If the period of cperation exceeds this, the reduced
catalyst activity, and with 1t the conversaion, can always be
brought baeﬁ to the normal level by increasing the synthesls
temperature in the manner wusual at present. The extraction of
paraffin ﬁéterial from iron c#talysts to regenerﬁte the samé is.
a conventional pfocedure and carried out with well knmown solvents

for normally solld paraffln hydrocarbons, the preferred solvents

'uéﬁaily being hydrocarbons or hydrocarbon mixtures such as for

axample so-called Dlesel oll fractlong having, for instance, a
boilling point between 220«300°C. or hydrogenated Dissel.oll -~
fractions having, for instance, a bolling pséint between 220 -

2600C, or any other paraffin solvent or solvent mixture within

the kmown practics of the art for solvent extraction of paraffin
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makterial for the regeneration of lron catalysts used in
hydrocarbon synthesis of the Fischer-Tropsch type, Of
particular advantage 3s the use of high boling paraffins,
napthenic or aromatic hydrocarbons as solvent.

To carry out the process of the invention,
iron catalysts are advantageously used which have been
impregnated with alkall salis of a non~volatile acid:,
for exémple, with potassium sillicate or suitable potassium

phoshpates. The reduction of the catalysts has to be

- 28 =
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.effected at a high speed of flow with hydrogen at about
o}
200°C. - 350°C., preferably at 200°C. - 250°C.
Owing to the low synthesis temperature, at

‘which iron catalysts are used according to ths invention,

5 the methane formation remains considerably lower than in

the hydrogenation of carbon monoxide as effected at present
with iron catalysts, in spite of e high total conversion.

. ; o

-The yield in hydrocarbons bolling above 300 C. is con-~

siderably higher as compared with the yield using iron

‘ib catalysts hitherto known.

3 ‘ Alsp the 1ife of the catalysts is considerably
" Eenétheneﬁ by fhe method of operation according to the
'inVﬂption. ‘Due to the high conversions obtained at low
fﬁemperaturas,‘the thermel strain on the catalyst ls conw
15 51derab1y less than hitherto. Purthermore, an inereased
' temperatura range 1s avallable for the gradusl Increasing
of the synthqsis temperatgre.for the restoration of its
origiﬂal activity. - The permlssible end temperature in

the synthesis under normal pressure at a normal charge

© 20 - of 100 litres gas per hour per litre of catalyst is ap-

proximately 230°C. - 235°C. If the catalyst 1s taken
: ! N
into operation at 210,C. in the menner hitherto known,
: o o
then ondy an interval of 15 G. - 20 C. is available for.

the gradual increase in' the synthesis temperature. With

20 a synthesis temperature of 170%. - EOOOC.=according to

.ithe Invention, the totél temperature interval avallable
%xdﬁring the duration of life of the catalyst 1s ralsed to
35 C. - 4000., whlch makes pogsible = correspondingly
longer use of the catalyst.
30 '77 ; ’ EXANMPIE.
- An lron catalyst, which consisted of 100 parts

iron, 5 parts copper and 10 parts calcium oxide, was
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precipitated by mesans of soda from a solution of corres-
ponding nitrates at a hydrogen ion concentration of

pH = 7. The preclpltated mass was carefully viashed and,
aftor drying, impregnated with small quantities of alkeli
salt of a non-volatile acld (for example, potassium
ailicate). The reduction which followed was effected
with hydrogen at 22500. and at a high apeed of flow within
sixty minutes. The catalyst was then put Into operation
at a tomperature of 160°C,, with a load of 100 normal
1litres of water gas per 1lltre of catalyst per hour.

Within 48 hours the synthesis temperature was raised to
19590. This resulted in a (CO % Hg) conversion of approxl-
mately 39%. During the course of the next forty-elght
hours the conversion fell to 30% owing to the paraffin
d?PQﬁit-

Thercatalyst was bthen extractad with four times
1ts volune of a Diesel oll fraction bolling In the range
ZZOOC.-soooC.

Tmmediately after this extraction the catalyst
wag agaln used in the synthesia with water gas when the
(CO 4 H,) conversion increased to 48%. Owing %o the paraf-
Pin deposit, this ylold fell to 36% within the next 120
hours.ll ‘

After Turther extractlona, each ﬁith the guad-
ruple quentity of the Diesel.oil used above, the conversion
mounted to 59%, 65%, 704 and 73% respectlively, and fell

after several days of opsrabtlon due to the formation of

~.paraffin.

After the f1fth extraction, the cétalyst could
beropérated witx n conversion of approximately 724 at a
conatant operaiional temperabure of 19800. for several
thouaénd hours, an extractlon of the catalyst belng neces-

sary every saven days in the beglnnling, and later on
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every 10 - 14 days, owing to the paraffin deposlt.

After each extraction the iron catalyst again showed
practically 1ts complete activity.
In splte of the high (CO 4 Hg) conversion,
5 the methane formation remalned very small, and never
exceeded 8% - 10%. The yield of hydrocarbons bolling
above SOOOG. was considerably higher than with iron

catalysts started at the usual temperatures.
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The embodiments of the inventien in which an
exclusive property or privilege 1s claimed are defined as

follows:

1. In the catalytic hydrogenation of carbon monoxide at
substantially atmospheric pressure by passage of a synthesis
ges over and in contact with an iron catalyst, the process which
comprises utilizing én iron catalyst which has been repeatedly
éxtfaéted, and effecting the synthesls continuously at temper-
atures of approximatelyI70°C. - 200°C,

2e A procesus as defined in claim 1, wherein said temper-
atures are within the range 190°C. - 2000C,

3. A process as defined in olaim 1, sald catalyst belng
impregnated with an alkali salt of a non-volatile acld and
reduced at a high speed of flow with hydrogen at approximately
200°%¢. - 350°C.

b A process as defined In claim 3, sald catalyst belng
reduced at 200°C. - 250°C.
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