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THTROICTION

Iron catalysts have fraguently heen proposed for the syntnesis of
hydrocarbons from C0O and Heﬂ It has been demonstrated that tho use of high
rressures under certain conditions is essential for geood conversion. Iron
has a great advantage over cobalt and nickzl in helng less exponsive. EHowever,
this advantage has hitherto been counter-bzlanced by the lower activity of the
iron catalysts. Iron catalysts yielded eseentially smaller yields of hydro-
carbons, possessed a shorter lifetime, and had to be operated at higher tem-
peratures,

This third factor becomes important if thz cooliny medium is water.
%“hen the cocling water terperature is 20(°C., the corresronding steam Tressure
is only 17 atwospheres. At 225°C., howcver, the steam pressure is 25 atmos-
pheres; at 250°C., it is 4O atnospheres; and st 29(PC., a rtean pressure of 00
atmospheres is required, OQObviously, if it shkould be nccessary tc operate Lthe
reaction at 300°C., the use of water as the heat tranzfer liguid would be in-
advisable.-

Ixperiments have frcquently “een carried out to improve ithe activity
of the iron catalysts either by the addition of promoters, such as zopper, or
V¥ preliminary reduction with hydrogen or carbon moncxids-hydrogen mixtures.
The results, however, were sc unsatisfactory that the use of cobalt fer the

synthesis war continved,

SCOPE OF PRESENT INVENTION
The present invenilon describas a procedure which, if folloved pre.-
¢isely, overcomes the difficulties heretcfore connected with the use ¢f iron
catalysts In the future, therefore; cobnit may be replaced by iron without
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iiminishing the hydrocarbon yields or shortening thz lifetize of tnc catalyst.

foreover, the ternerature at which the reaction is carried out is not excessively
iigha

This surprising and technically important development was the pretrzat-
nent of the iron catalysts with CO-rich gases at pressures well below one atmee-
shere. In order to ret very good rosults, the pressure should be only a fractlion
of an atmosphere. after the rretrcatment of the catalyst, th: conversion of J0-
Ho mixtures takes place at elevated pressures of 10 to 30 atmospheres.

It is assumed that Ly pretr-ating the iron catalyrst in the nanner out-
lined a definite internal change occurs. o are of the opinion that iron car-
bides are formed, and s well-defined rattern of carbon is dispcrsed throughout
vhe crystal lattice, This dispersion of carbon and of iron carbides imrroves
“he catalvtic nroperties of the iron permanently. [Fdrogan sheuld not be usec
Jor this incduction as only recuction can be effescted. Although the presence of
202 is known to hinder induction; the carten dioxide which is forred during
oretrestment by the interaction of Iron oxide with carbon moncxide is removed
“rom the surface of the catalyst by fresh CO-rich pnses sc rapidly that it has
iittle opportunity to impede the induction. The Ci}2 is remcved morc quickly at
_ower pressures. After induction, obviously the rrosence of CCp it no longer
detrimental to the catalyst. It has been observed that the activity of the
ron catalyst remains unchamged in the presence of @ completely converted syn-
thesis vas (that is, the carbon monoxide has bsen compl tely used up) contain-
~ng appreximately 60 percent Cls, and opercting undor sptimum conditions-

Tie have also found +that the optirmum inductilon tempertiore is hizher
rhan the optimum initial temperaturs of the synthesis. Thug, for san eparimert
<n which the iron catslyst wis inductsd with pure CO at L/10 atmesphere; the
optimum temperatvre was 320-350°C., whoreas optimum startine te-perature of Lhz
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synthasis was betwean ?20-230°C. For this recason, it is recommended inhat in-
duction and svnthesis be carried out in separate reactors.
: OPERATING CONDITIONS

The indection of the catalyst and the synthesis of the hydrocarbons
sroceed under entirely different conditions. The optimum conditions are dis~
cussed below.

Induction

Carbon monoxide-rich gases or better still, nure carbon monoxide
should be used. It is also rermissible to use CG whrich has been diluted by
an inert gas. If CO and H, mixtures arc employed, the greater the H, concen-
tration the poorer thz resulis.

Pressures should preferably be below one atrnosphere and the CO par-
tial pressure should be a fraction of one atmosphere.

The temperature should bte above 230°C. preferatly between 300° and
2SPC.

The contact time should be short in order to keep the partial pres-
sure of the CO; as lov as possible.

Symthesis.

In order %o insure the best results; it is preferable to use a syn-
thesis nas mixwure of composition (1.5 to 2)CC + 1H..-

The synthesis pressure should be between [ G and 30 atmospheres.

The *emperaturs should be hetwesn 200 320°C. at a point at which 2
satisfactory conversion of (0 is waintained. Ag the catalyst activity de-
Creases, it is recessary to increcase the temporature in order toe kecp the yield
constant. The more active the catalyst; the lowesr thi initvial synthesis term-

Perature. However, it was found that the incraase in temperature occurred mor:
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clowly for a properly inducted catalyst. A catalyst which was pretreated at
15 atmospheres pressure with L liters per hour of a 1.8:1 mixture of (0 and

Hy at 255°C. for 2L hours did not give any conversion when opersted “ith svn-
~hesis ras at 230PC. It was necessary to raise the initial temperature di-
rectly to 2060P-280PC., and the vields were untatisfactory. However, the same
catalyst incCucted under similar conditions; but at one atmosphere néeseure;
;roducea a satisfactory vield whén opar«ted at 15 atzosthares and 250°7.  The
reaction ternperature was increased arproximately 2 to 3 cdegrees for each éddi~
tional week of operation in order to maintain high conversion. If, howaver;
the name catalyst was inducted at 1/i0 atmosphere and otherwise similar con-

ditions, the synthesis could be started at 23(°=-2359C., and practically com-

wiete conversion obtained from the very start. To maintain pood convarsion,

=

L #as necessary to raise the temparsture by only 28°C. for the first three
nonths of operation, and 7°C. for ar additional three months- Thus, & cata-
-¥st was ontained which reguired = reaction temperature increase of orly
35%C. over 1/2 year of operation. I{ the catalyst was pretrested under the
w2st induction conditions, that is, with 4 liters per hour of carbon menoxide
1t 1/10 atmosphere and 325°C., it was possible to start the synthesis at 235°C.
#ith compl te conversion of the CO. No incrsase in reaction temperature was
necessary for more than three months,

Thc contact time should be longer for the synthesis than fer the ir=
duction. It has been found advantapesus to pace the increase in contact bl
in preoportion to the increase in pressure.
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An iron catalyst precipitated from the nitrates and containin. 1/10

~2recent of alkaii was inducted at 1,10 atuosphere for 24 nours st 325°C. with
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4 Jiters of CO per 10 grams of Fe., Then the catalyst was operated with a gas
consisting of CO and K, in the ratio of 1.8:1 at a pressure of 15 atmnospheres
and temparature of 23%°C. The contraction was 55 percent; corresponding te
complete conversion of the CO. The yields of solid, liquid, and pasol hydro-
carbons were szprroximately 150 g,/Nm3 of the CO-H2 rixture. After three months
of opsration, the activity of the catalyst was still constant st the same oper-
ating temperature.

The liouid hydrocarbons consisted chiefly of relatively anti-knock-
proof benzine, boiling up to 1BOPC. Twenty to thirty grans of the yieid were
33 and Ch hycrecarbons; the unsaturated portion of this fraction is cxiremely

important for the production of hiyh octane benzine (pclymer benzine ).

CIAT¥S

we claim the following:

A rrocess for the preduction of higher hydrocarbhons from GO and K,
over iron catalysts pretrented with CC or CQ-rich pgases at pressures below
one atmosphere, Thereafter, the synthesis proper is carried out with CO and
H#2 mixtures at elevated pressures, preferably betwsen 2 and 100 atmospheres.

A process according to the above claim in which the synthesis pres-
sures range between 10 and 30 atmospheres-

A procedure according to both ¢f the above claims modified so that
“nduction is carried ocut at ahout 300°C. and the synthesis between 200°F and

3708¢.




