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This invention relates to -catalysts generally,
and more specifically it relates to the prepara-
tion of catalysts for the synthesis of hydrocar-
bons.

In the synthesis of hydrocarbons by the method
commonly known as the Fischer-Tropsch proeess,
carbon monoxide and hydrogen may be reacted
at elevated temperatures and at atmospheric or
higher pressures in the presence of a suitable
catalyst to yield hydrocarbons ranging in molec-
ular weight and constitution all the way from
methane to waxy materials, with the concomi-
tant formation of varying amounts of oxygenated
material, depending on the nsture of the catalyst
and the reaction conditions.

The reaction is generally carried out in a man-
ner which will yield substantial proportions of
hydrocarbons boiling in the-gasoline range as
well as high-boiling- hydrocarbons. - Catalysts
used in this synthesis include cobalt, iron, nickel
or ruthenium, and these may be promoted with
alkali metals, alkaline earth metals or their ox-~
ides, ‘thoria, or various other known materials.
The catalysts of the prior art may be utilized
on inert supports such as kieselguhr or the like.
Using cobalt-containing catalysts temperatures
in the range of 175-225° C. may be used with a
preferred temperature being about 185-190° C.
Crdinary iron catalysts operate best in a narrow
range close to 240°.C. while sintered ivon catalysts
require temperatures in the neighborhood of
320° C.

The synthesis reaction is ordinarily carried
out at atmospheric or medium pressures depend-
ing on the products desired and the catalysts
used. A ‘preferred range of pressures suitable
for general use is from about 5-15 atmospheres,
but pressures up to 150 atmospheres or even high-
er may be used.  Flow rates are variable de-
pending on a number of factors such as catalysts,
products desired, and the nature and extent of
the cooling. :

An object of this invention is to provide an
improved method for preparing catalysts to be
used in- the synthesis of hydrocarbons. It is a
further object of this invention to vprovide an
improved method of preparing hydroearhon syn-
thesis catalysts which will tend to reduce the
formation of heavy waxy hydrocarbons and thus
to decrease:the tendency toward deleterious dep-

ositions upon the catalyst. It is a further object

of this invention to provide a catalyst of im-
proved characteristics for synthesizing hydro-
carbons. ‘ : ‘

In the synthesis of hydrocarbons from carbon
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monoxide and hydrogen using fluid or finely pow-
dered catalysts, the use of fused iron oxide as a-
catalyst is desirable because it is relatively inex-
pensive and it provides a rugged catalyst. Cata-
lysts of this type are prepared by the reduction
of FesO4, ferroso- ferric oxide, which oxide may
be obtained by the burning of iron with oxygen.
with the resultant formation of a molten mass of
the iron oxide followed by crushing of the mass
to the divided state. It was found, however,
that the pure or unpromoted iron catalysts do
not produce optimum results in the reactions,
particularly when used in finely divided or fluid-
ized form. Such results are manifested by a
lowered efficiency and increased methane forma-
tion as well as other effects.

The promotion of reduced iron oxide catalysts
with potassium oxide alone or with other oxides
such as aluming as a means of improving the
suitability of these catalysts for hydrocarbon
synthesis is known. It has been found, how-
ever, that the proportion of potassium oxide
added is critical. For example, the addition of
0.2 to 0.35 weight per cent of potassium. oxide
(based on total oxides used) produces a catalyst

that increases the formation of normally liguid

hydrocarhons. When 0.5 per cent, or more, po-
tassium oxide is added, the resulting catalyst
produces undesirably high yields of heavy hydro-
carbons, such as wax. When it is desired. to

.. Synthesize gasoline, the production of large

~amounts of wax is undesirable because the gaso-

- line yield is proportionately decreased. Further-
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_more, some of the wax produced accumulates on

the catalyst and lowers the catalyst activity.
The use of the desirably small proportions of
promoter makes duplication of a given catalyst
difficult. The promoter is usually added, e. g.
as KINQOs, to molten iron oxide during the prepa-
ration of the catalyst. Some potassium is thus
almost inevitably lost, apparently by vaporiza-

‘vvtion; consequently, the incorporation of a given

amount of potassium in the catalyst with pre-
cision is difficult. . :

I have found that the wax~-forming tendency of
reduced iron oxide catalysts promoted with po-
tassium oxide is markedly reduced by treating
the reduced. catalyst with carbon dioxide. ' The
wax-producing property of the potassium oxide
being thus counteracted, larger proportions of

‘potassium oxide may be used to promote gasoline

synthesis than have been previously permissible.
Furthermore, a given catalyst composition may
be duplicated with increased precision, since the
proportion of potassium lost during preparation
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is decreased. 'This result is of considerable value
in commercial practice.

This invention is applicable mainly to reduced
iron oxide catalysts promoted with potassium
oxide.. Other Fischer-Tropsch catalysis may,
however, be treated in accordance with the in-
vention. R

One type of catalyst amenable to treatment in
accordance with the invention is prepared by
melting iron or iron oxide by contact with an
oxyhydrogen flame, mixing the potassium oxide
(usually added as KNO3) with the molten ma-
terial, cooling, grinding to 60-200 mesh size, and
reducing with hydrogen at 300°-600° C.

This catalyst may be treated, in accordance’

with this invention, by contacting with carbon
dioxide and may then be used in the synthesis
of gasoline from carbon monoxide and hydrogen.
Any suitable contacting method may be used in
the carbon dioxide treatment. The catalyst may
simply be heated in a nonflowing atmosphere of
carhon dioxide, or a stream of carbon dicxide
may be passed over or through the catalyst. The
treatment with carbon dioxide is preferably con-
dueted at 250°-350° C., but this temperature range
is not critical, and temperatures outside this pre-
ferred range may be used. Below 250° C. undesir-
ably long periods of treatment are rsguired,
" whereas, at temperatures appreciably above 350°
C., oxidation of the catalyst may proceed to an un-
desired extent. The preferred pressure range
for the treatment is about 5 to 30 atmospheres,
_although ‘pressures. outside this range may be
{ised. The contact time required is about 5-30
hours. The carbon dioxide treatment may pre-
cede the reduction with hydrogen, but preferably
it is effected after the catalyst has been reduced
with hydrogen.

The treatment with carbon dioxide in accord-

ance with this invention may e applied to cata- 4

lysts that have been used in the Fischer~-Tropsch
synthesis and subsequently treated with hydrogen
to restore the activity.

The carbon dioxide treatment is also applicable
to catalysts containing potassium oxide together
with other known promoters, such as alumina.

Although the action of the carbon dioxide on
the eatalyst is not thoroughly understoed, it is
possible that the carbon dioxide oxidizes the cata-

lyst to a limited degree and thus decreases the ¢

tendency to produce wax.

Tt is known to contact hydrecarbon synthesis
catalysts with carbon monoxide before using the
catalysts for the synthesis. This contacting,
which is known as “precarbiding,” reduces the
tendency of fresh catalyst to promote the forma-
tion of undesired by-products, such as methane
and wax, when the catalyst is first introduced
into the synthesis reactor. The precarbiding may
be conducted, for example, by contacting & re-
dueed iron oxide catalyst, such as those previously
described, with the synthesis gas (2H24-CO) at
aboub 250° C., raising the temperature gradually
to about 285° C. over a period of about 9 hours,
and continuing the contacting at about 285° C.
for about 1 hour.

The carbon dioxide treatment in accordance
* with this invention is especially applicabkle to a
precarbided catalyst. Thus, in a continuous sys-
tem, a finely divided, freshly prepared, reduced
iron cxide catalyst may flow toaprecarbidingstep,
in which it is precarbided as previously described,
_then to a carbon dioxide ¢ontacting step, also pre-
viously described, and then to a hydrocarbon syn-

“thesis step for,conve,rsion of carbon monoxide and

2,636,011

[

10

4

hydrogen to hydrocarbons. Also, used catalyst
may be continuously withdrawn from the syn-
thesis reactor, contacted with hydrogen at the
temperature of the synthesis or at higher temper~
atures if desired, contacted with carbon dioxide
in accordance with this invention, and returned
continuously to the synthesis reactor. At least
part of the carbon dioxide may be obtained from
the normally gaseous fraction of the synthesis
efluent by conventional methods such as refrig-

- eration, adsorption, solvent extraction, ete. Also,
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fresh catalyst and the used catalyst withdrawn
from the synthesis reactor may be simultaneously
contacted with carbon dioxide in the same con-
tainer.

Example

Synthesis gas comprising hydrogen and carbon
monoxide in a mol ratio of 2:1 was passed up-
ward through a reduced ircn oxide catalyst at
295° C. and 250 p. 8. i. and a space velscity of 2500
volumes of gas per volume of catalyst per hour.
The particle size of the catalyst was 60-200 mesh.
The catalyst was previcusly reduced with hydro-
gen at 500° C. for 48 hours. Before reduction, the
catalyst contained 0.5 weight per cent KeC and
minor proportions of caleium oxide and alumina
as promoters. In this synthesis, 95~98 per cent
of the carbon monoxide was converted, 65-78 per
cent of this amount being converted to pentane
and heavier hydrocarbons. The pentane-and-
heavier fraction of the produei contained a large
proportion of wax, and, after 15 hours cperation,
the synthesis had to be discontinued because of
the large amount of wax accumulated on the
catalyst.

The catalyst was revivified by treating with
hydrogen at about 500° C. It was then treated
with carbon dioxide at 280° C. for 16 hours. The
synthesis was then resumed under the conditions
previously described. The carbon monoxide con-
version was 95 per cent, and the catalyst activity
was not impaired by wax formation. Of the car-
bon monoxide converted, 42 per cent was con-
verted o pentane and heavier hydrecarbons.
The pentane-and-heavier fraction of the prod-
uct was much lighter than that originally ob-
tained. After 48 hours of opération, the pentane-
and-heavier yield had risen to 80-85 per cent of
the carbon monoxide converted, and the product
contained relatively small ammounts of heavy hy-
drocarbons. PFurthermore, no necessity for high
temperature revivificaticn of the catalyst with
hydrogen was indicated at the end of the 48 hour
period.

The above example is wmerely a preferred
method of operation, but the invention should be
limited only by the following claims.

Tclaim: .

1. The method of improving a2 reduced iron
oxide catalyst, for the synthesis of hydrocarbons
from carbon monoxide snd hydrogen, promoted
with a8 minor proportion of potassium oxide
which comprises contacting said catalyst with a
stream consisting essentially of gaseous carbon
dioxide for at least 5 hours at a temperature in
the range 250°-350° C. whereby the formation of
deleterious waxy deposits upon the surfaces of
said catalyst during the synthesis is inhibited.

2. The method of improving a reduced iron
oxide. catalyst, for the synthesis of hydrecarbons
from carbon mencxide and hydrogen, promoted
with a minor proportion of pofassium oxide and
other metallic oxides which eomprises contacting
said catalyst with a stream consisting essentially

of gaseous carbon dioxide for' 5-30 hours at a tem-
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perature in the range 250°-350° C. and at a pres-
sure in the range 5-30 atmospheres whereby the
formation of deleterious waxy deposits upon the
surfaces of said catalyst during the synthesis is
inhibited.

3. The method of preparing a finely divided
powdered catalyst for the catalytic synthesis of
hydrocarbons from carbon monoxide and hydro-
gen whieh comprises melting a mass of iron
oxide, adding a minor proportion of potassium
nitrate to the molten iron oxide, cooling the thus-
formed mixture, grinding said mixture to form
particles of a 60-200 mesh size, contacting the
ground iron oxide particles with a stream of hy-
drogen at 300-600° C. to effect reduction thereof
to form metallic iron and contacting the hydro-
gen-treated iron catalyst particles with a stream
consisting essentially of gaseous carbon dioxide
ab 250~350° C. and 5-30 atmospheres pressure for
5-30 hours.

4. The method of regenerating a finely divided,
reduced iron oxide catalyst, promoted with a
minor proportion of potassium oxide, which has
been used to catalytically synthesize hydrocar-
bons from carbon monoxide and hydrogen which
comprises contacting said used catalyst with a
stream of hydrogen until carbonaceous deposits
have been removed from said catalyst and con-
tacting said hydrogen-treated catalyst with a
stream consisting essentially of carbon dioxide
for 5-30 hours at a temperature in the range
250°-350° C. prior to use in the synthesis where-
by the formation of deleterious waxy deposits
upon the surfaces of said catalyst is inhibited.

5. The method of regenerating a finely divided
reduced iron oxide catalyst promoted with ap-
proximately 0.5 weight per cent potassium oxide
and minor proportions of calcium oxide and alu~
minum oxide, which has been used to catalytical-
ly synthesize hydrocarbons from carbon monox-
ide and hydrogen, which comprises contacting
said used catalyst with a stream of hydrogen at
about 500° C..to remove carbonaceous deposits
therefrom and contacting said hydrogen-treated
catalyst with a stream consisting essentially of
carbon dioxide at about 280° C. for approximate-
ly 16 hours.

6. The method of decreasing the wax-forming
tendencies of an iron catalyst promoted with a
minor proportion of potassium oxide for the syn-
thesis of hydrocarbons from carbon monoxide
and hydrogen which comprises contacting said
catalyst with a stream consisting essentially of
gaseous carbon dioxide for at least 5 hours at a
pressure in the range 5-30 atmospheres prior to
use in the synthesis reaction.

7. The method of decreasing the wax-forming
tendencies of a reduced iron oxide catalyst pro-
moted with a minor proportion of potassium ox-
ide and other metallic oxides for the synthesis of
hydrocarbons from carbon monoxide and hydro-
gen which comprises contacting said catalyst
with a stream consisting essentially of gaseous
carbon dioxide for 5-30 hours prior to use in the
synthesis reaction.

8. The method of improving a reduced iron ox-
ide catalyst, for the synthesis of hydrocarbons
from carbon monoxide and hydrogen, promoted
with a minor proportion of potassium oxide and
other metallic oxides which comprises contact-
ing said catalyst with a gas containing a substan-
tial proportion of carbon monoxide at an elevated
temperature and for a period of time sufficient to
inhibit the formation of undesirable hydrocar-

bons during the synthesis reaction and contact-
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ing the thus-treated catalyst with a stream con-
sisting essentially of gaseous carbon dioxide at a
temperature in the range 250°-350° C. and at a
pressure in the range 5-30 atmospheres for at
least five hours so as to inhibit the formation of
deleterious waxy deposits upon the surfaces of
said catalyst during the synthesis.

9. A method according to claim & wherein the
gas used for the carbon monoxide contacting step
is hydrocarbon synthesis gas comprising carbon
monoxide and hydrogen.

10. A method according to claim 9 wherein the
catalyst is contacted with hydrocarbon synthesis
gas at a temperature of approximately 250° C.,
the temperature is gradually increased to approx-
Imately 285° C. during a time interval of about
nine hours and this temperature is maintained
substantially constant for about one hour.

11. A catalyst for the synthesis of hydrocar-
bons from carbon monoxide and hydrogen which
comprises a reduced iron. oxide which has been
promoted with a minor proportion of potassium
oxide and which has been contacted with a gas-
eous stream consisting essentially of carbon di-
oxide for at least 5 hours at a temperature in the
range 250°-350° C. and at a pressure in the range
5-30 atmospheres.

12. A catalyst for the synthesis of hydrocar-
bons from carbon monoxide and hydrogen which
comprises a reduced iron oxide which has been
promoted with a minor proportion of potassium
oxide and other metallic oxides and which has
been contacted with a gaseous stream consisting
essentially of carbon dioxide for 5-30 hours at a
temperature in the range 250°-350° C.

13. A catalyst according to claim 12 wherein
the proportion of potassium oxide is approxi-
mately 0.5 weight per cent.

14. The method of improving a reduced iron
oxide catalyst, for the synthesis of hydrocarbons
from earbon monoxide and hydrogen, promoted
with a minor proportion of potassium oxide which
comprises contacting said catalyst with g stream
consisting essentially of gaseous carbon dioxide
at a temperature in the range 250°-350° C. at 5-30
atmospheres pressure for 5-30 hours whereby the
formation of deleterious waxy deposits upon the
surfaces of said catalyst during the synthesis is
inhibited.

ALFRED CLARK.
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