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fact eannot be exp}ained ag resulting from limitation of the veaction
fo t_he. surface of the catalyst particles, sinee it is known that
variation of grain size between 1 and 5 millimeters does nof affect
the actlw’gy._ When the grain size exceeds 5 millimeters, the
catalyst dlstmtegra_tes quickly because of insufficient heat re-
moval. Because of its large internal surface, the catalyst is com-
pletely penetrated by the synthesis gas,

Those results show that it {s useful to distinguish between two
groups of iron catalysts:

1. Copper-free iron catalysts pretreated with carbon monoxide
at low pressure and 825°C. and operated at pressures between
10 and 20 atmospheres.

2. Ir(_)n catalysts with a high copper content pretreated with
synthesis gas al atmospheric pressure and 225°(., which can he
chlﬁgg both in atmospheric-pressure and in medium-pressure gyn-

is.

The results obtained with iron catalysts during medium- and
a@mosphemc—prgssupe synthesis show that in the former, the car-
hide—oxide equilibrium’ is established during synthesis by a de-
crease in the amount of carbide that had been formed during
pretreatment, whereas the latter reach cquilibrium by gradually
-{8112}2})2%] the carbide during treatment with synthesis gas at 220°

a »

As a result of the low operating temperature and nr
formation of free carbon was elimins luring ation at
2ty harie prom minated during operation at

MECHANISM OF THE SYNTHESIS

These experimental results leave no doubt about th i
of higher iron carbides in the Fischer-Tropsch proces: gz‘?ecleslsilg
catalysts. Accoyg‘dlng to IMischer and Tropsch, these compounds
act as intermediates that are continnally hydrogenated and re-
generated, the first reaction product being (CH.) radicals. Crax-
Tord?® thought he could explain the synthesis over cobalt in such
a manner by showmg‘ that cobalt catalysts react with carbon
monoxide at synthesis temperature to yield a carbide that can be
hydrogenatqd_ at atmospheric pressure and 140°C,

The stability of iron carbides at synthesis tempersture and
the fact that metallic iron and cementite are not decomposition
proc!ucts in thg synthesis male it scem likely that other products
are iImportant in addition to the carbides whose presence has been
demonstrated thermomagnetically. '"These products are pl'cthably
unstable and perhaps are surface combinations. When carburiza-
tion and hydrogenation proceed simultancously, (CH,) radieals
are for'm_ed and adsorbed as polymethylenes on the catalyst sur-
facp. With large amounts of chemisorbed hydrogen only methane
18 formed. IT little hydroper is present, predominantly straight-
chain pm_-a(ﬁns :‘L]lld olefing are desorbod, whose molecuiar size and
-degree of saturation are determined by the amount of chemisorbed
llyflr-og'en,_by the contact time with the catalyst, and by the rela-
tive reducing and polymerizing activity of the c'atalyst. )

16 Cruxfard, 8, R. [Fischor-Tropsch Synthesi ocar ;
Brenunstoil Chem,, vol. 20, 1$)HU.”;)I::(2(S.‘3{:!";EJ]:HIS of Hydrocarbons and Some Related Reactions]:

EXPERIMENTAL PATT 99
DISCUSSION OF EXPERIMENTAL RESULTS AND SUMMARY

The composition of iron cataiysts at varicus stages of pretreat-
ment and synthesis in the Fischer-Tropsch process was deter-
mined by chemical and thermomagnetic analysis. During car-
burization of copper-free iron catalysts, free carbon was formed
continuously, its rate of deposition increasing with longer con-
fact time, higher pressure, and especially with higher carburiza-
tion temperature. This formation of elementary carbon probably
continued durihg medimm-pressure synthesis, especially in the
presence of carbon monoxide-rich gas and at high operating
temperatures. The thermomagnetic method revealed that copper-
free iron catalysts, carburized at 325°C. before medium-pressure
synthesis, were virtually completely transformed to a ferromag-
netic higher iron carbide with a Curie point of 265°C., whose
formula corresponded approximately to Fe.C.

Carburization of copper-promoted (20 percent Cu) iron cata-
lysts at 220° to 280°C. before atmospheric-pressure synthesis
vielded not only the 265°C. Curie-point carbide but also a second
ferromagnetic iron carbide whose Curie point was 380°C. Thus
higher iron carbides and their Curie points have been detected
by the thermomagnetic method; they could not have been found
by the hydrogen reduction method. At the same time, the theory
advanced by Itigcher and Tropsch concerning the formation of
higher- carbides in these catalysts has been confirmed experi-
mentally. At 205°C. iron was carburized largely to the 8%0°¢C.
Curie-point carbide. However, the 265°C. Curie-point carbide was
always present. Consequently, the formula Fe,C derived by

- Gluud and Ritter and by Bahr and Jessen for an iron earbide

prepared at 220°C., <dees not correspond to a homogeneous com-
pound.

A systematie study of the thermal stability of the higher iron
carbides showed that the 265°C. Curie-point carbide is the more
stable of the two. It reverts to Fe,C above 400°C. without any
marked change in the specific magnetization at rocom temperature.
The 380°C. Curie-point carbide is unstable above 300°C. and is
ultimately also converted to cementite above that temperature.

Betermination, by acid decomposition, of the carbidie carbon
content of carburized-iron catalysts always gave values that were
only half those obtained by reduction with hydrogen at atmos-
pheriec pressure. This difference is explained by the formation
of higher iron ecarbides whose decomposition by acid was not
accompanied by quantitative hydrogenation of carbidic carbon,
as in the case of cementite. Actually, almost half the carbon
reverted to free carbon, which also explains the large amount of
hydrogen evolved.

The higher iron carbides formed during carburization were
stable during the synthesis. During carburization at 325°C. and
during subsequent medium-pressure synthesis, the 265°C. Carie-
point carbide wag virtually the only carbide present. Carbide—
oxide equilibrium wasg established during the first days of opera-
tion by partial oxidation of the large amounts of carbide that
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had been formed during pretreatment. Once equilibrium was
established, active catalysts maintained their carbide content un-
changed. A decrcase in catalytic activity was marked by a drop
in the carbide content and by an increase in the oxygen con-
tent. Thus, both acid decomposition and thermomagnetic analysis
showed that the activity of iron catalysts in the Fischer-Tropsch
process was higher when more carbide was formed during pre-
treatment.

Iron eatalysts with a high copper content consisted of approxi-
mately equal amounts of 265°C. Curie-point and 380°C. Curie-
point carbide during operation at atmospheric pressure, These
carbided catalysts gave almost quantitative conversion of the
carbon monoxide in water gas, with liquid and solid hydrocar-
bons as the prineipal products. When a catalyst thus carbided :
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