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Study of the Carburization of an Iron Catalyst during the Fischer- 
Tropsch Synthesis: Influence on Its Catalytic Activity 

M. PIJOLAT,' V. PERRICHON,* AND P. BUSSIERE 

Inslitut de Recherches SW lu Cutulyse, Luhoratoire Proprc, du CNRS conventionnr~ ci I’UnivrrsitP Claude 
Bernard Lyon I, 2 Avam~ Albert Einstein. 69626 Villerrrhonne Cedex, Fruncc 

Keceived September 4, 1985; revised February 20, IY87 

The fast transformation of an iron/alumina catalyst into Fe?+,C during the H? + CO reaction was 
followed by in situ M6ssbauer spectroscopy at 523 K and the behavior was compared with changes 
in catalytic activity for Fischer-Tropsch synthesis. After a few hours of synthesis, no metallic iron 
could be detected by either M(issbauer or IR spectroscopy, whereas the CO conversion was still 
half of that observed initially. The nature of the sites responsible for the remaining activity is 
discussed. The interpretation of the M6ssbauer spectra has permitted the determination of the 
stoichiometry of the Fe,+,C carbide (0 5 x 5 0.4). and hence the following of the change of x during 

the reaction. Thus, the activity in CO hydrogenation could be related to the number of carbon 
vacancies in the iron carbide. i.e., to the extent of the metallic character of this carbide. This 

concept of the variation of hydrogenating properties of the carbide with the carbon content has 
been supported by similar catalytic results obtained in the room temperature hydrogenation of 

ethylene performed on carbides of different stoichiometry. ~7 IY87 Academic Prcs\. Inc. 

I. INTRODUCTION 

The transition metal carbides often ex- 
hibit catalytic properties different from 
those of the parent transition metal. In 
several reactions such as isomerization, 
hydrogenation, dehydrogenation, oxida- 
tion, and the Fischer-Tropsch (FT) synthe- 
sis, their activity is lower, sometimes by 
several orders of magnitude, but their se- 
lectivity may present interesting features 
(1-3). This has been explained by a modi- 
fication of the band structure of the transi- 
tion metal due to electron transfer between 
the metal and the carbon atoms. Con- 
troversy about the direction of the transfer 
still exists, but the current interpretation is 
that the metal acts as an electron donor (3). 
The transition metal carbides (and similarly 
the nitrides) can be considered interstitial 
compounds containing vacancies of the 
nonmetal atoms over a broad range of con- 
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centration, which results in a wide range of 
nonstoichiometric phases. As a conse- 
quence, their catalytic properties (as well 
as other properties) may be expected to 
vary accordingly. This has been shown 
experimentally for several carbides and ni- 
trides of the metals of Groups IV, V, and 
VI, leading to the conclusion that the cata- 
lytic activity increases with the increasing 
number of nonmetal vacancies, that is with 
the degree of filling of the metal-metal 
bonding orbitals (4-6). 

Until now, the carbides have been com- 
pared with the parent metals. However, in 
reactions involving carbon-containing mol- 
ecules, the carbide phase may be a by- 
product of the reaction itself. This is the 
case with the FT reaction in which the 
initial metallic iron of an iron-based catalyst 
is progressively converted to a single phase 
or a mixture of iron carbide phases. At the 
same time, the catalytic activity is modi- 
fied. Thus, depending upon the rate of 
carburization, the activity may either pass 
through a maximum which is related to the 
formation of the carbide (7-9), or in the 



HYDROGENATION ACTIVITY OF Fe,+,rC IRON CARBIDE 83 

case of rapid carburization it may simply 
decrease (10-12). 

The characterization of the various 
stages of carburization is generally effected 
by means of in situ Mossbauer spectros- 
copy. In previous studies (12, f3), we have 
pointed out the need of a very careful 
interpretation of the literature data con- 
cerning the hyperfine parameters of iron 
carbides before the assignment of the spec- 
tral components to particular carbide 
phases. We have shown that the iron car- 
bides may be classified as follows: 

-“O carbides” in which the carbon 
atoms are located at octahedral sites of a 
hcp lattice of iron atoms, with a stoichiome- 
try Fe&Z where 0 5 x I 0.4 (e.g., 
“.s-Fe2C”, “c’-FeZ&“). 

--“TP carbides” in which the carbon 
atoms are located at the trigonal prismatic 
sites of more complicated structures for the 
iron lattice (e.g., 8-FeC, x-Fe5C2). 

Moreover, we have shown that for iron 
catalysts supported on alumina, the overall 
stoichiometry of the Fe,+,,-C carbide varies 
continuously during the FT reaction. The 
differences in the reaction conditions and in 
the nature of the catalysts explain the large 
variety of carbide phases (or mixed phases) 
reported in the FT synthesis and the large 
stoichiometry range actually encountered. 

In this paper, we have investigated the 
relationship which may exist between the 
catalytic properties of the iron “0 car- 
bides” and their stoichiometry. The 
starting material is an alumina-supported 
reduced iron catalyst. The activity decrease 
in the FT synthesis at 523 K is first dis- 
cussed on the basis of the Fe,+,C carbide 
stoichiometry determined by in situ Moss- 
bauer spectroscopy. Then, we present the 
results obtained in the hydrogenation of 
ethylene at room temperature with carbides 
of different stoichiometries (prepared by 
performing the FT synthesis for various 
times). Finally, we discuss the controver- 
sial question of the role of the iron carbides 
in the FT reaction and relate our experi- 

mental results to the general conclusions on 
the catalytic properties of the transition 
metal carbides. 

2. EXPERIMENTAL 

2.1. Catalyst 

The catalyst consisted of 10 wt% iron 
supported on A1203 (Degussa Oxyd C) and 
was prepared by precipitation with Na+ZO, 
from an FeC12/FeC13 solution containing 
the alumina in suspension. The resulting 
mixture was briefly boiled and the precipi- 
tate was washed, before being dried at 378 
K (14). Prior to reaction, the catalyst was 
reduced in the reactor cell by flowing hy- 
drogen (SV = 5200 h-‘) for 18 h at 873 K, 
and subsequently cooled under Hz at the 
desired reaction temperature. 

2.2. Catalytic Reactions 

The catalytic activities in the FT reaction 
and ethylene hydrogenation reaction were 
measured at atmospheric pressure in a dif- 
ferential flow reactor. In the case of the FT 
reaction, the outlet stream was heated at 
-370 K. The products were analyzed by 
gas chromatography: CO, CO?, and Hz on a 
Porapak Q column (TCD); C, to Cl2 hydro- 
carbons on a SE 30 column (FID); and 
ethylene, ethane on a Porapak R column 
(FID). 

The FT reaction conditions were 0.4 g of 
catalyst, SV = 1300 h-‘, and HJCO = I. 
The ethylene hydrogenation was performed 
with the same loading and with a total flow 
rate of 1.8 1 h-‘. The reaction mixture, 
5HJ lCzH4, was diluted with helium in a 
ratio of I : 3. 

2.3. In Situ Miissbauer Spectroscopy 

Transmission Mossbauer spectra were 
obtained with a constant acceleration spec- 
trometer operated in the triangular mode, 
with a 100 mCi “CoiRh source. After com- 
puter folding, the spectra were fitted by 
using a least-squares program assuming Lo- 
rentzian-shaped lines. The calibration was 
achieved by means of an iron foil spectrum. 
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The isomer shifts 6 are reported here with 
respect to sodium nitroprusside; the preci- 
sion is 0.02 mm s-‘. The precision on 
quadrupole splittings A is 0.03 mm s-’ and 
that on hyperfine fields H is 2 kOe. 

The sample, in the form of a pressed 
pellet (0.2 g), was placed in a heating cell 
equipped with two beryllium windows. It 
could be reduced in situ and treated with H2 
+ CO under the conditions used in the 
catalytic test. 

3. RESULTS AND DISCUSSION 

3.1. Evolution of the Properties of the 
Catalyst during the Fischer-Tropsch 
Reaction 

Figure 1 (15) illustrates the variations 
with time of the CO conversion toward 
hydrocarbons at different temperatures 
(473,498,523, and 548 K). The first product 
analysis was performed 5 min after the 
introduction of the reactants. The main 
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FIG. I. Change in the activity of the reduced Fe/ 
Al203 catalyst in the course of Fischer-Tropsch syn- 
thesis (IS). (0) 473 K, (0) 498 K, (m) 523 K, (A) 
548 K. 

FIG. 2. Hydrocarbon distribution during Fischer- 
Tropsch synthesis over a reduced Fe/AI?O? catalyst at 
523 K. 

relevant points may be summarized as 
follows. 

With the exception of the reaction at 473 
K where a slight maximum is observed 
after 3 h of synthesis, the activity decreases 
rapidly during the first hours of reaction. 
After that period, the decay of activity is 
slower. Under our conditions (1 atm pres- 
sure), no steady state is obtained even after 
60 h at 523 K. At 548 K, the initial deac- 
tivation is rapid, which results in a final 
activity significantly lower than that ob- 
served, after 20 h, at 523 or 498 K. 

The hydrocarbon distribution varies with 
the time of reaction, but much less so than 
with the temperature. The main changes 
occur during the first hours, where the 
methane selectivity increases at the ex- 
pense of the higher hydrocarbons (see Fig. 
2 at 523 K). 

In situ physicochemical studies (16), par- 
ticularly infrared (IR) spectroscopy and 
thermo-programmed reduction under HZ 
(TPR), have indicated the presence of “ac- 
tive” surface carbon, bulk carbon, and 
“less reactive” carbon, which play an im- 
portant role in the overall activity, as well 
as the presence of formates and higher 
carboxylates, which exist on the alumina 
support and have only a secondary role in 
hydrocarbon formation. 

Thus, the rapid aging observed at 548 K 
is due to the deposit of “less reactive” 
carbon as evidenced by a methane TPR 
peak at 680 K. Consequently, since this 
paper is focused on the role of the bulk 
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carbide, we have concentrated this study 
on the aging of the catalyst at 523 K. 

3.2. Characterization of the Iron by 

After HZ reduction at 873 K for 18 h, the 
sample was cooled to 523 K in hydrogen, 
and the spectra were recorded at this tem- 
perature under the conditions of the reac- 
tion I Hz + ICO, for periods of I and 2 h. 
The procedure allowed us to improve the 
statistics, and thus to follow precisely a 
change during the first hours of the reac- 
tion. Figure 3 represents the spectra ob- 
tained after 1, 3, 5, and 22 h of reaction. 
These values are defined by the middle of 
the acquisition time. 

The initial reduced catalyst spectrum 
presents besides an a-Fe sextuplet, a dou- 
blet of Fe’+, the spectral contribution of 
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FIG. 3. Miissbauer spectra of the reduced iron/ 
alumina catalyst during the Hz + CO reaction at 523 K. 

Spectra recorded at 523 K. (a) I h, (b) 3 h. (c) 5 h, and 
(d) 22 h. 

TABLE I 

Miissbauer Parameters at T = 4 K 

of the Ferromagnetic Carbide 

Obtained after 20 h of Reaction 
at 523 K 

6 H Spectral 

(mm s ‘) WW contribution 

(%‘/o) 

0.67 251.3 IO.5 
0.68 188.2 62 

which remains unchanged during the reac- 
tion and close to 25% of the total absorption 
area (at 523 K). During the reaction, the 
spectra are analyzed in terms of the follow- 
ing additional contributions: (i) two sextu- 
plets (H = 205 kOe and H = 138 kOe) 
corresponding to a carbide phase Fe2+,C 
(12) and (ii) another paramagnetic com- 
ponent for which the resolution of the spec- 
tra is not unique since it can be interpreted 
either as a single line corresponding to 
FejO,, or as a doublet with the isomer shift 
of a carbide phase which would therefore 
be superparamagnetic. 

To assign this component better, a spec- 
trum was recorded at 4 K on a catalyst 
carburized during 20 h of reaction and 
transferred into a sealed sample holder. In 
order to avoid the possibility of air oxida- 
tion (to Fe30,) (17, Z8), we took the pre- 
caution of handling the sample in an inert 
atmosphere in a glovebox. The fit of the 
4-K spectrum indicates a ferromagnetic 
phase with the parameters given in Table 1. 

Therefore, the spectra of the catalyst 
during the reaction fit best with the contri- 
bution of a superparamagnetic carbide 
phase. Table 2 gives the values of the 
hyperfine parameters of the different 
phases during the synthesis. The percent- 
age of superparamagnetic carbide increases 
with time. 

In view of the fast change in the catalyst 
at the start of the reaction, additional data 
were necessary to study the appearance of 
the carbide phase. For this purpose, two 
samples were tempered after I5 and 30 min 
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TABLE 2 

Mossbauer Parameters of Fe/A&O, Catalysts after Different Periods of Fischer-Tropsch Synthesis at 
T = 523 K (Spectra Recorded at 523 K) 

Reaction Metallic iron Ferromagnetic iron carbide Superparamagnetic 
time 6 = 0.15 mm ss’ 6 = 0.36 mm ss’ iron carbide 
00 6 = 0.35 mm s’ 

H (kOe) Per- Hzc (kOe) Per- I% We) Per- 
centage” centage” centage” A (mm s’) Per- 

centage” 

0.5 313.0 19.1 204.7 8.1 141.1 42.2 
I 312.8 II.9 205.0 7.5 140.0 49.7 
2.6 313.9 3.9 209.3 6.5 138.7 58.2 
3.2 313.7 3.4 208.0 6.3 138.1 58.7 
4.6 201.6 5.8 136.8 62.5 
5.2 204.0 5.2 136.1 63.4 
6.6 206.8 4.1 135.9 62.5 

21 200.4 2.8 132.3 64.0 
22 202.7 2.2 132.6 62.3 
22h 235.4 4.4 172.6 54.3 

0.55 4.0 
0.59 4.4 
0.56 6.5 
0.54 6. I 
0.54 6.4 
0.54 7.4 
0.50 8.4 
0.54 IO.1 
0.57 10.0 
0.98 19.7 

” Spectral contribution. 
’ Spectrum recorded at room temperature 

of HZ + CO reaction at 523 K, and their This clearly appears by considering in Ta- 
spectra were taken at room temperature. ble 2 the compositions obtained for the 
The fits of the spectra are shown in Fig. 4. spectra recorded after 21 and 22 h at 523 K. 
After only 15 min of reaction, -40% of the 
initial metallic iron has been transformed. 
Even if this value is overestimated due to 5-- 
the fact that the reaction has been going on 
for several minutes during the cooling 
down, it is clear that the carburization is a 
very fast process. The superparamagnetic 
carbide components of these two spectra 
should not be studied together with the 8 
similar components of the other spectra, f =,,,i, 
since they should be ascribed to the small i 
domains of carbide growing inside larger z 
iron grains. 

3.3. Evolution of the Catalyst 
Composition during the Fischer- 
Tropsch Reaction 

The spectral contributions of the differ- 
-8 -4 0 +4 *a 

Vab0Ry (mm/m) 

ent phases during the reaction, namely 
Fe’+, a-Fe, and iron carbides, are repre- FIG. 4. Mossbauer spectra of tempered iron/alumina 

sented in Fig. 5. The precision is better than 
catalysts after (a) 15 min and (b) 30 min of Hz + CO 
reaction at 523 K. Spectra were recorded at room 

that indicated by the size of the symbols. temperature. 
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FIG. 5. Changes in the phases of Fe/AlzOz catalyst in 

the course of Fischer-Tropsch reaction at 523 K. 

Ferrous Iron 

This species, present in the reduced cata- 
lyst, could be attributed to wustite Fel-,rO, 
in view of the value of the isomer shift 
together with the large linewidth. In this 
case, the large value of the quadrupolar 
splitting (- 1.6 mm s-’ instead of 0.5 and 0.7 
for Fe,-,O) would indicate that this phase is 
present as very small particles. Another 
interpretation of this doublet could be Fe2+ 
ions in strong interaction with alumina (19). 
It is not possible to conclude to what spe- 
cies this spectral component must be as- 
cribed. However, the concentration of this 
ferrous iron is nearly unchanged during the 
reaction. 

Metallic Iron 

After 4 h of reaction, no metallic iron is 
detected. To be certain of the absence of 
metallic iron after 20 h of synthesis, a 
spectrum was recorded at room tempera- 
ture during 48 h to a counting level of 
-30.106. For this spectrum, it would have 
been possible to detect a concentration of 
metallic iron as low as -I%. However, no 
fit could be found by introducing either the 
sextuplet of metallic iron or a line corres- 
ponding to superparamagnetic metallic 
iron. Consequently there remains no metal- 
lic iron, even if we cannot exclude the 
existence of surface zones of metal atoms, 
considering the low initial metallic disper- 
sion of the catalyst (2-3%, see Ref. (14)). 

Iron Carbides 

In a previous paper (12), we have dis- 
cussed the formation of carbides in this 
Fe/A1203 system. These “0 carbides,” i.e., 
with carbon atoms in octahedral interstices, 
present two hyperfine magnetic fields H2c 
- 240 kOe and HxC - 170 kOe at room 
temperature, corresponding to Fe atoms 
with two and three carbon atoms as nearest 
neighbors, respectively. From the areas of 
the Hzc and H3C spectral components, it is 
easy to obtain the value of x in the carbide 
Fe?+,C, according to the previously es- 
tablished formula (12) 

642 + x) = 3 pI + 2 pIi, 

where pI and pII are the respective popula- 
tions of the iron sites giving the two hyper- 
fine magnetic fields Hjc and H~c. 

Figure 6 represents the variations of x 
versus the time of reaction. At the begin- 
ning of the synthesis, the carbide stoichi- 
ometry is close to Fe2.>C (spectra in Fig. 4: 
Fe2.2$Z after I5 min and Fe2.2C after 30 
min). As metallic iron disappears the car- 
bide is progressively enriched in carbon 
and approaches the Fe2C stoichiometry. 
This explains the decrease in the number of 
iron atoms with two carbon neighbors in 
Fig. 5 and Table 2. 
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FIG. 6. Variation of the Fez+ ,C carbide stoichiome- 
try: x vs time of reaction. T = 523 K. 

The stoichiometry of the superparamag- 
netic carbide is uncertain. However, since 
the concentration of this phase varies as 
does that of the ferromagnetic carbide, 
their stoichiometries are probably similar. 
This implies the existence of different-size 
particles of carbides, some of which are in 
the paramagnetic state. 

3.4. Relation between the Carbide 
Stoichiometry and the Catalytic Activity 
in the Fischer-Tropsch Synthesis at 
523 K 

Many authors have agreed within the last 
few years that the catalytic activity in the 
FT synthesis is related to the formation of 
active surface carbon (20-22) rather than 
to that of bulk carbide (9-11). Thus, 
Niemantsverdriet and van der Kraan (21) 
have proposed a “competition model” in 
which the carbon species from CO disso- 
ciation can react either with Fe to give 
carbides or with hydrogen atoms to give 
intermediates for hydrocarbon formation. 
The rates of these two reactions can be 
different depending on the contact mass 
and the reaction conditions, and conse- 
quently a maximum can be induced in the 
hydrocarbon production. 

With our Fe/A&O3 catalyst, the surface 
carbon layer is formed very quickly for T > 
498 K since the initial activity curve de- 
creases with time. This is in agreement with 
the observations of Tau et al. (23) who have 
shown that a similar Fe/A1203 contact mass 
adsorbs no CO at room temperature after 
20 s of reaction at 558 K. However, at 473 
K, an induction period is observed (Fig. I) 
which is due to the competition between 
hydrogenation and carburization. 

In this study, we have investigated the 
case where the surface is quickly covered 
with carbon (at 523 K). In Fig. 5, it was 
shown that the bulk is also carbided in a 
few hours whilst the activity decreases 
sharply. A question arises from these two 
observations: which sites are responsible 
for the residual activity? 

Two hypotheses can be proposed: (i) 
there exists a small number of superficial 
zones of metallic iron, free of carbon; the 
activity decrease would result from a poi- 
soning due to the covering of these zones 
by “less reactive” carbon. (ii) The surface 
is that of a Fe2+,C carbide whose activity 
varies inversely with its carbon content. 

Concerning the first hypothesis, the 
Mossbauer spectroscopy is not conclusive 
(see previous section). However, in situ IR 
spectroscopy of the CO adsorption on a 
used catalyst (when the reaction is per- 
formed at atmospheric pressure) did not 
reveal any CO absorption band characteris- 
tic of CO associated with the iron in the 
metallic state (16). Consequently, it seems 
that the superficial metallic iron may not 
exist after 20 h of reaction, unless in a 
concentration too low to be consistent with 
the residual activity. 

Figure 7 supports the second hypothesis. 
It shows the evolution of the activity versus 
the composition of the iron carbide Fe*+.&. 
A linear variation is observed for x > 
-0.06, i.e., for carbides with a larger num- 
ber of carbon vacancies. For x < -0.06, 
i.e., when the carbide is close to the stoichi- 
ometry, the activity decreases very quickly 
with X. One may ask whether a carbide 
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0 0.1 0.2 X 

FIG. 7. Change of the activity from the Hz + CO 

reaction at 523 K as a function of the Fe:+ ,C stoichi- 

ometry. (0, 0) Fe/A&O%, (A) Fe-Cr/A&O+ x was 

determined from in situ Miissbauer spectra at 523 K. 

except for two spectra (0) recorded at room temper- 

ature. 

corresponding exactly to the FeC stoichi- 
ometry is active. Other studies would be 
necessary to answer this question. 

A similar correlation was sought for a 
chromium-promoted iron catalyst. This 
contact mass was prepared by impregnating 
the initial Fe/A1203 precursor with 
(NH&CrZ07. The catalytic activity was 
found to be very close to that of Fe/ 
A1203, and a comprehensive Mossbauer 
study was performed (12). Effectively, 
curve b in Fig. 7 indicates a similar linear 
variation of the activity vs the composition 
of the iron carbide. Thus it can be deduced 
that the activity of these iron catalysts in 
the CO hydrocondensation increases with 
the number of carbon vacancies in the iron 
carbide. This property may in turn be re- 
lated to the change of the metallic character 
of the carbide with the carbon content, as 
discussed in the Introduction. 

To prove this concept, it was necessary 
to test several Fe,+,C carbides of different 
compositions in another hydrogenation re- 

action and to examine the variation of the 
activity with the number of carbon vacan- 
cies. To avoid chemical transformation re- 
sulting from too high a reaction tempera- 
ture, the ethylene hydrogenation at room 
temperature was chosen. The results are 
presented and discussed in the next 
section. 

3.5. Ethylene Hydrog:enution 

The carbides were prepared in situ in the 
reactor by performing the Hz + CO reac- 
tion at 523 K during selected times. The 
resulting contact masses were cooled to 
room temperature. The stoichiometry of 
the carbide was calculated from the Moss- 
bauer results. TPR under HZ were per- 
formed after the ethylene hydrogenation to 
check the quantity and the type of the 
carbon content. These values, though ap- 
proximate due to formates and carboxyl- 
ates present on the support (16), were con- 
sistent with the carbon content calculated 
by Mossbauer measurements. Moreover, 
the methane TPR peak presented only a 
negligible drift in the high temperature re- 
gion (650-800 K) but no peak was attrib- 
utable to less reactive (or poisoning) car- 
bon, as could be observed after FT 
synthesis at 548 K (16). The reaction tem- 
perature was 305 K. Several preliminary 
experiments were necessary to ascertain 
the reproducibility of the reaction condi- 
tions. Thus it was shown that after the 
carburization in the FT reaction the gas- 
eous atmosphere (He or HZ + CO) during 
the cooling from 523 to 305 K had no direct 
influence on the subsequent hydrogenation 
activity. However, the latter was depen- 
dent on traces of CO in the H? + CzH4 
mixture. Indeed it was observed that pulses 
of CO (400 ppm) during a few minutes killed 
the hydrogenation activity which was sub- 
sequently restored very slowly. To limit 
this poisoning effect, the reactor was thor- 
oughly purged with helium (-15 h) before 
introducing the Hz + C2H4 mixture. Never- 
theless, in most cases, an initial increase in 
activity was observed followed by a gradual 
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decrease. The maximum values were 
chosen to compare the hydrogenation ac- 
tivities. 

Moreover, under our conditions alumina 
alone was active in ethylene hydrogena- 
tion. After H2 activation at 873 K, the 
conversion to ethane was -5%, whereas it 
was -3% after 15 h of H2 + CO at 523 K. 
Thus we can consider that the contribution 
of the support is negligible compared to the 
conversion of 100% for the initial reduced 
catalyst. 

Figure 8 represents the ethylene hydro- 
genation activity of different carbided cata- 
lysts versus the corresponding activity in 
hydrocarbon formation from Hz + CO. It is 
obvious that in the range 4-6% of conver- 
sion into hydrocarbons, there is a close 
relation between these two reactions. It 
would be necessary to operate the ethylene 
hydrogenation at much lower temperatures 
to enlarge the validity range to the more 
active (less carbided) catalysts. However, 
from Figs. 7 and 8, it can be deduced that 
the hydrogenation activity of carbided iron 
in the Hz + C2H4 as well as in the Hz + CO 
reaction progressively decreases as the 
stoichiometry becomes closer to Fe2C. 
Since the mechanisms are not the same in 
the two reactions, this emphasizes the im- 
portance of the carbon vacancies of the 

f- . 
I . I f 

0 5 10 

% co conv~r~lon -hydrocarbonS 

FIG. 8. Comparison of the activities of different 
carbided iron/alumina catalysts in Hz + C2H4 (T = 305 
K) and Hz + CO (T = 523 K) reactions. 

transition metal carbides on their hydroge- 
nation capacity and consequently on their 
catalytic activity. This result is in agree- 
ment with the observation of Jensen and 
Massoth (24) who noticed that carburi- 
zation decreases the hexene hydrogenation 
activity of iron-manganese catalysts. 

4. CONCLUSION 

Extensive work has already been de- 
voted to the study of the different forms of 
carbon present on the surface of iron cata- 
lysts and their role in hydrocarbon produc- 
tion. The present study was focused on the 
variation of the hydrogenation capability of 
the catalytic contact mass as a function of 
the reaction time. 

From a precise physicochemical charac- 
terization of the system, we have shown 
that the loss of hydrogenation activity (to- 
ward CO and ethylene) is directly related to 
the loss of the iron metallic character, occa- 
sioned by the progressive carbon enrich- 
ment of the Fe2+,C iron carbide. This rela- 
tion exists insofar as the carbon atom 
distribution in the carbide is homogeneous. 
Obviously it is not valid at higher tempera- 
tures where other types of carbide are 
favored and under conditions where less 
reactive or poisoning carbon deposits occur 
on the surface. Nevertheless, this work 
shows that the activity in Fischer-Tropsch 
synthesis is related not only to the forma- 
tion of the surface carbidic phase but also 
to its evolution in the bulk. 
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