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Iron Alloy Fischer—Tropsch Catalysts
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A series of Fe, Co, and FeCo catalysts on Y-zeolite support, prepared both by ion exchange and
impregnation, has been investigated and compared with a previously reported (7,9) series sup-
ported on wide-pore SiO,. Characterization methods were X-ray diffraction, H, and CO chemi-
sorption, Mossbauer spectroscopy, and atomic absorption. The oxidation, reduction, and carburi-
zation behavior of the iron-containing catalysts were observed by Mdossbauer spectroscopy. The
reversibility of FeY (ion exchanged) in oxidation-reduction cycles was confirmed. The ion-ex-
changed catalysts (FeY, FeCoY) do not show any iron metal, or alloy or carbide phase after
reduction or attempted carburization. In contrast with prior results with silica-supported Fe and
FeCo, where there appear to be significant differences, Fe/HY (impregnated) and FeCo/HY appear
quite similar in characterization by Mdssbauer spectroscopy and in reaction behavior. A 1/1: CO/
H, feed was used to investigate the Fischer—Tropsch reaction at I atm and 523 K. Some additional
runs were made at a total pressure of 13.6 atm. As in prior studies (Amelse, J. A., Schwartz, L. H.,
and Butt, J. B., J. Catal. 72, 95, 1981; Arcuri, K. B., Piotrowski, R. B., Schwartz, L. H., and Butt,
J. B., J. Catal. 85, 349, 1984) it was found that the CO turnover frequency (Nco) in general
decreases with increasing CO conversion. A higher selectivity for higher molecular weight prod-
ucts is found for HY-supported catalysts, and in all cases an approximate behavior in accord with

the Schultz-Anderson distribution was observed.

INTRODUCTION

There is considerable interest in the use of
zeolites as supports and/or active compo-
nents in Fischer-Tropsch and related syn-
thesis reactions (/-3). Bifunctional reac-
tions and shape-selectivity effects (4), not
anticipated with conventional supports, can
be important for metal/zeolite materials.
Not much, however, has been reported
for bimetallic formulations on zeolites. In
this work a Faujasite-type (5, 6) has been
used as a support for Fe, Co, and FeCo in
the synthesis reaction. The results are com-
pared with prior information obtained for
similar silica-supported materials. A combi-
nation of characterization and reaction ex-
periments was used to investigate the prop-
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erties of the catalysts after various
oxidation-reduction—carburization cycles.
Details of the procedures involved have
been reported by Amelse et al. (7).

EXPERIMENTAL

Preparation of the catalysts. The begin-
ning support material was 80-120 mesh
NaY supplied by Strem Chemicals, Inc.
The surface area was 300 m?%g and the Si/
Al ratio 2.4. Two series of catalysts, pre-
pared either by ion exchange or by impreg-
nation, were employed in this investigation.

For the ion-exchanged materials, pro-
tonated Y (8), FeY, and FeCoY were ob-
tained by exchange of the parent NaY with
0.1 N NH/Cl, FeCl,, and CoCl, solutions.
Attainment of the final level of loading re-
quired several exchange cycles. FeY and
FeCoY were exchanged at 70°C in a N, at-
mosphere to prevent Fe2* oxidation to Fe3*
and possible substitution for A" in the ze-
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olite lattice. These samples were then
washed in deionized water until complete
evolution of chloride, measured by negligi-
ble precipitation of AgNQO;, was attained.
The final catalysts were obtained by drying
in flowing N, at 100°C overnight. The dried
NH,Y was then further calcined at 500°C
for 12 h to form HY. Atomic absorption
was used to measure the final weight load-
ing of metals on these ion-exchanged cata-
lysts.

Impregnated catalysts, designated Fe/
HY, Co/HY, and FeCo/HY were prepared
using the incipient wetness technique. Be-
fore impregnation the support was calcined
at 500°C overnight, then impregnated with
aqueous Fe(NO;); or Co(NOs); solutions to
reach the desired metal loading; these ma-
terials were again dried in air at 100°C over-
night. A summary of the catalysts prepared
by the two methods is given in Table 1.

Characterization of the Catalysts

X-Ray diffraction. A conventional dif-
fractometer was employed with Ni-filtered
CuKa radiation at 40 kV, 30 mA. Auto-
mated point counting was employed using a
step-scanning increment of 0.2° (26).
Fourier line profile analysis was employed
for estimation of metal particle size and size
distribution. Although there is significant
background due to the crystallinity of the
zeolite, the metal loadings were sufficient
to yield adequate resolution.

Mossbauer spectroscopy. Spectra were
obtained with a constant acceleration Aus-
tin spectrometer coupled to a Nuclear
Data-2200 multichannel analyzer. Details
are given elsewhere (7).

Hydrogen/carbon monoxide chemisorp-

TABLE 1

Catalysts Investigated

(A) Impregnation Fe/HY, Fe/NaY
Co/HY, Co/NaY
FeCo/HY

(B) Ion exchange FeY
FeCoY

Fe 4.94 wt%

Co 4.61 wi%

Fe 3.85 wt% + Co 1.02 wt%

Fe 3.0 wt%

Fe + Co 3.1 wt%, exchanged
from 3/1 Fe/Co solution
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tion. Hydrogen chemisorption on the im-
pregnated catalysts was measured using the
adsorption/desorption method (7). The cat-
alyst was reduced, H,,425°,24 (this code
represents hydrogen at 425°C for 24 h), then
cooled H, to 0°C. Subsequently, the sample
was allowed to equilibrate in flowing Ar and
H; uptake measured by desorption upon re-
heating to 425°C. Hydrogen uptakes were
not measurable on the ion-exchanged cata-
lysts, however, detectable CO chemisorp-
tion, indicative of a small amount of iron
metal, was obtained for these catalysts at
25°C using the volumetric method.

Reaction Measurements

Turnover frequency and selectivity mea-
surements were conducted in a conven-
tional flow reactor at small conversions and
under conditions that diffusional intrusions
were not significant. Procedures are de-
tailed in Refs. (7, 9). Most reaction experi-
ments were carried out at 250 = 1°C, 1 atm,
with 1: 1/(H,/CO) feed, although some runs
were also conducted at 13.6 atm. Total CO
conversion was kept below 10 mol%. Pre-
treatment of catalysts was always Ho,
425°24. Conditions of carburization for
characterization were the same as for the
synthesis reaction.

Characterization Results

Moéssbauer spectroscopy. Maossbauer
spectra were employed to determine
changes in chemical states, for phase iden-
tification, and the location of the cation
within the zeolite. Amelse et al. (10, 11)
have reported Mossbauer spectra for a sim-
ilar series of SiO;-supported iron catalysts.
Comparisons with these are given below.

FeY: reversibility of oxidation-reduc-
tion. Catalysts were treated at H;,425°,24
with subsequent 0,,500°,24. This results in
transformation from Fe?* to Fe3*, with fur-
ther H,,425°,24 regenerating Fe?t. These
results agree with those of Delgass et al.
(12, 13) and Segawa et al. (14). For quanti-
tative comparison, Mdssbauer parameters
are given in Table 2.
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TABLE 2
Mossbauer Parameters for Reduction-Oxidation of
FeY

Treatment Phase IS QS
(mm/s) (mmy/s)

H,,425°,24 Fel* 0.72¢ 0.637
1.12° 2.340

0,,500°,24 Fe3* 0.71 1.08
H,,425°,24 Fe?* 0.69¢ 0.62¢
1.09% 2.29%

Note. 1S, isomer shift; QS, quadrupole splitting.
“ Inner peak of Fe?*.
? Outer peak of Fe2*.

FelHY: reduction and carburization. Fe/
HY and Fe/NaY are similar in behavior and
also similar to Fe/SiO,. Characteristic
Mossbauer parameters following various
treatments are given in Table 3. The
calcined sample gives a six-line pattern,
identified as a-Fe,0; (verified by X-ray dif-
fraction), with a central doublet believed to
be due to superparamagnetic oxide. The av-
erage particle size estimated from the ratio
of the six-line pattern to the superpara-
magnetic peak (10) is estimated to be 13
nm. The reduced sample gives a six-line
pattern and two sets of doublets, the former
associated with Fe® while one of the dou-
blets is the outer peak of Fe2* and the other
unreduced superparamagnetic oxide. After
carburization 1:1/(H,/C0O),250°,3 the &'-
carbide phase is the only carbide observed.
Fe?* disappears, but oxide remains. Fur-
ther details are given by Lin (15).

FeY: reduction and carburization. The
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iron catalyst prepared by ion exchange is
substantially different from that prepared
by impregnation. The Fe?*—Fe3* intercon-
version of the latter material is documented
in Table 2. However, as shown in Fig. 1A,
there is no six-line pattern observed after
0,, 500°, 24; the pattern after H,,425°,24 is
identical to that of FeY after initial reduc-
tion, and the pattern obtained after carburi-
zation, (Fig. 1B), suggests the absence of
carbide phases even after 10 h of reaction
(Fe/HY is converted after 3 h). Hence, after
reduction or attempted carburization, Fe’*
is the only chemical state indicated. The
outer peaks are characteristic of ferrous
ions occupying the octahedral sites in the
hexagonal prisms of the zeolite, while the
inner peaks can be assigned to ferrous ions
in the sodalite cages (16).

FeCol/HY: reduction and carburization.
Comparison of the spectrum of calcined
FeCo/HY (Fig. 2A, Table 4) with that cor-
responding for Fe/HY (Table 3) indicates
that only a weak six-line pattern of a-Fe,0;
is observed. The low ratio of the six-line
pattern to the superparamagnetic peak indi-
cates a small oxide particle size for the bi-
metallic material. The spectrum of the re-
duced catalyst (Fig. 2B), is predominately
that of iron metal. Previous work for Fe/
SiO; (9), and separate work on Fe/H-mor-
denite (Si/Al ~ 10) with similar metal load-
ing, has shown the formation of an
inhomogeneous alloy under these condi-
tions. Furthermore, those materials did not
form carbide phases under synthesis condi-
tions, while the spectrum for FeCo/HY of

TABLE 3

Room-Temperature Mossbauer Parameters for Fe/HY

Treatment Phase IS QS He Area fraction
(mm/s) (mm/s) (kOe)
0,,500°,24 (1) a-Fe,0, 0.38 0.38 S11.5 0.35
(2) Superparamagnetic oxide 0.06 1.03 — 0.65
H,,425°,24; (1) &'-Carbide 0.04 0.01 174.7 0.27
1:1/(H,/CO),250°,3  (2) Superparamagnetic oxide 0.10 1.08 — 0.73

¢ Hyperfine field.
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F1G. 1. The room-temperature Mossbauer spectra of FeY after (A) 0,,500°,24; (B) H,,425°,24; 1: 1/

(H,/C0),250°,10.

Fig. 2C indicates the formation of two car-
bide phases, a 6-phase (7) in addition to the
¢'-phase. In preparation, nucleation must
be such that Fe and Co ions agglomerate to
form separate Fe and Co clusters, effec-
tively suppressing alloy formation. Similar
absence of alloy formation on zeolite-sup-
ported FeCo has recently been reported by
Suib et al. (3).

FeCoY: reduction and carburization.

Spectra for the three different treatments
are shown in Fig. 3. They are quite similar
to the corresponding treatments of FeY re-
ported in Table 2. Again Fe?* is the only
chemical state that can be observed after
reduction and carburization. There is no
evidence of iron metal, FeCo alloy, or car-
bide phases in these spectra.

Catalyst particle size and percentage ex-
posed. As stated, hydrogen uptake was
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TABLE 4

Room-Temperature Mossbauer Parameters for FeCo/HY

Treatment Phase IS QS H Area fraction
(mm/s) (mm/s} (kOe)
0,,500°,24 (1) Oxide 0.46 0.58 510.8 0.12
(2) Superparamagnetic oxide 0.36 1.01 — 0.88
H,,425°,24 (1) Fe2+ 0.96 2.43 — 0.11
(2) Superparamagnetic oxide 0.17 0.90 — 0.30
(3) Fe metal 0.06 0.06 333.5 0.59
1:1/(H,/C0),250°,36 (1) Superparamagnetic oxide 0.21 1.03 — 0.42
(2) £'-Carbide 0.25 0.30 172.4 0.32
(3) 6-Carbide 0.28 0.19 209.1 0.26

measured via a flow adsorption/desorption
method for the samples prepared by im-
pregnation. Small amounts of CO uptake
were measured volumetrically for ion-ex-
changed samples, indicative of some possi-
ble Fe°, but the numbers have little quanti-
tative meaning and are not reported here.
In Table 5a are given the percentage ex-
posed values based on the assumption of
(1: 1)/(H : metal) stoichiometry (7) and in
Table 5 are results from the X-ray diffrac-
tion analysis (/7, 18). Particle sizes were
determined from the data in directions indi-
cated and the strain broadening effect
checked by observing two orders of a peak
(typically 110, 220). The chemisorption par-
ticle sizes were determined from percent-
age exposed by calculation assuming
spherical particles. There is a fair agree-
ment between chemisorption and X-ray
measurements for the impregnated cata-
lysts. The origin of discrepancies between
the two measurements is discussed in (7).

TABLE 5

Percentage Exposed and Particle Size

(a) Percentage exposed by H, chemisorption

Fe/HY 7.2
Co/HY 12.5
FeCo/HY 6.2
(b) Particle size, nm
X-Ray diffraction Chemisorption
{110y Q11 Average
Fe/HY 7.5 7.7 7.6 14.9
FeCo/HY 8.1 8.1 8.1 15.8

Activity and Selectivity

CO Activity. The CO turnover frequency,
Nco, is given as the molecules of CO con-
verted to products exclusive of CO, per
surface atom per second. This makes no
claim that individual surface Fe atoms are
active sites for CO turnover, only that nor-
malization to this value is a convenient ba-
sis for relative comparisons. Table 6
presents the steady-state CO activities at 1
atm, 250°C for 1:1/(H,/CO) feed after pre-
treatment H,,425°,24. In general the N¢g
values decrease with increasing conver-
sion, as for SiO,-supported catalysts (9).
The Fe/HY materials are the most active,
and in general the Y-supported catalysts

TABLE 6

CO Turnover Frequencies, Nepsxg-3, 87!

CO Conversion 1% 2% 3%
Fe/HY 343 24.4 15.7
Fe/NaY 12.3 9.3 6.3
Co/HY 2.5 2.0 1.8
Co/NaY 1.1 1.0 09
FeCo/HY 14.2 12.3 8.1
FeY 0.7 0.6 0.6
FeCoY 0.5 0.5 0.5
Fe/SiO," — 3.2 —
Co/Si0," — 17.0 —
FeCo/SiO," — 2.2 —

Note. All reaction data, Tables 6-8, are for 250°C,
1: 1/(H,/CO).
¢ Data of Arcuri et al. (9).
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F1G. 2. The room-temperature Mdassbauer spectra of FeCO/HY after (A) 0,,500°,24; (B) H,,425°,24;

(O) 1: 1/(H,/C0),250°,10.

prepared by impregnation are more active
than the SiO, samples (Co/SiO, is an excep-
tion). Ion-exchanged preparations are of
uniformly low activity.

Water—gas shift activity. The ratio of the
production rates (Nco,/Nu,0), is used to
provide a measure of the shift activity (7).
The Co catalysts have lower activity by this
measure than either the Fe or FeCO cata-
lysts, with the latter two having about the
same activity. This agrees with results for

SiO, catalysts (9), where Co is generally of
lower activity. Shift activity decreases with
increasing pressure, in accord with prior
observation, and increases modestly with
conversion. Details are provided by Lin
5).

Product selectivity. The product selectiv-
ities at 3 mol% conversion of CO are given
in Table 7. There is a significant variation in
hydrocarbon selectivity among these cata-
lysts, with a norm of about 25% of total
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FiG. 2—Continued.

product showing up as hydrocarbons at 1
atm, increasing to about 35% with oxygen-
ates (with the exception of FeCo/HY) at
13.6 atm. Substantial methanol is produced
at the higher pressure (about the same in all
cases), but there is no selectivity for oxy-
genate production at low pressures. This
corresponds to that observed for SiO,-sup-
ported materials (9).

Olefin/paraffin product ratios are shown

as a function of conversion in Fig. 4. These
decrease with conversion, as for Fe/Si0O,
and FeCo/Si0O,, but do not appear to be
very pressure dependent where one can
compare results at 1 and 13.6 atm. Cata-
lysts prepared by impregnation on NaY,
and the ion-exchanged materials, have ap-
proximately twice the olefin selectivity of
those prepared by impregnation on HY.
For the Na supports, this may be the result

TABLE 7

Product Composition at 3% CO Conversion

Product Fe/HY FeNaY  FeY Co/HY Co/NaY  FeCo/HY  FeCoY  Fe/SiO» Co/Si0y  FeCo/SiO,
composition

CO, 222,23 25.1 16.2 6.4,2.5¢ 6.3 25.4,22.54 18.9 — — —
H0 53.0,61.8 51.8 55.4  64.4,61.3 62.4 50.2,49.8 54.8 — — —
CH, = oxygenates  24.9,35.2 232 284 29.4,36.2 31.4 24.427.8 26.3 — — —
CH, + oxygenates

C, 51.3,37.3 47.5 526 57.1,382 61.7 51.436.9 53.1 50.4 60.7 §2.2
C; 3922 6.2 7.2 3.6,2.4 48 6424 7.2 11.3 7.4 1.4
C; 9.5,5.6 6.9 8.6 7.7,7.8 5.4 113,69 8.4 6.6 32 6.1
Cy 9234 13.1 8.8 8.3.3.4 7.3 5345 83 32 1.5 Lo
Gy 43,42 5.7 6.5 2448 1.9 4437 6.5 24 1.2 24
(o 3.4,4.1 31 5.4 6.2,3.9 3.7 3535 5.7 74 8.6 78
Cy 5.0,3.2 4.0 4.3 3.42.9 4.1 2.9.27 4.0 ) ’ :
c: 14.4,14.0 10.4 68 114,134 8.5 14.9.13.6 6.9 7.6 7.4 7.0
MeOH -,25.0 — - 228 - —27.7 — 1.1 — 2.1
CIIC, 0.41,0.39 0.9 0.84 0.47,0.3 0.89 0.56,0.35 0.86 1.7 2.31 1.87

2 Second entry for total pressure of 13.6 atm.
? Data of Arcuri ez al. (9).
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F1G. 3. The room-temperature Mdssbauer spectra of FeCoY after (A) 0,,500°,24; (B) H;,425°,24; (C)

1: 1/(H,/CO},250°,10.

of inhibition of formation of carbenium-like
surface species and a corresponding retar-
dation of the chain growth process. This is
also reflected in the lower C? vyields for
NaY shown in Table 8. A major departure
from prior results with SiO; catalysts is the
appreciable yield of methanol for Co/HY at
13.6 atm. Arcuri et al. (9) reported Co/SiO,
to be inactive for methanol formation even
at elevated pressures; in the present experi-

ment with Co/HY the methanol yield in-
creases to almost 20% of the total product
at 13.6 atm.

Chain growth. For chain growth reac-
tions with a constant ratio of propagation to
termination rates the relation between Y,
the vield of product j, and the carbon num-
ber of the product, n, is expressed in terms
of a constant « that represents the probabil-
ity of chain propagation (19). Higher « val-
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ues imply favored high-molecular-weight
products, so comparison of « affords a con-
venient means for evaluation of hydrocar-
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Fi1G. 4. Olefin/paraffin ratios as a function of CO
conversion. (A) Ethylene to ethane; (B) propylene to
propane. Reaction at 1: 1/(H/CO),250°, 1 atm. OJ, Fe/
HY; O, Co/HY; A, Fe/NaY; +, Co/NaY; X, FeY; ¢,
FeCo/HY.

bon product selectivity, Based on the data
reported in Table 8, the average « values
give the following sequence for similar sup-
ports:

Fe > Co > FeCo (Y support)
Co > FeCo > Fe (SiO, support)

If support effects are considered for an indi-
vidual metallic component, then:

HY(impregnated) > NaY(impregnated)
> Si0, > Y(ion exchanged).

TABLE 8
Chain Growth Probabilities

Catalyst a, specific Avg.
Fe/HY 0.64(1.2)2 0.68(2.5) 0.66(3.0) 0.7(3.6) 0.67
Fe/NaY 0.61(1.1) 0.62(1.3) 0.18(1.9) 0.58(2.9) 0.59
Co/HY 0.5%0.7) 0.61(1.1) 0.63(2.0) 0.61(3.1) 0.61
Co/NaY 0.54(0.7) 0.53(1.2) 0.61(2.1) 0.55(3.0) 0.56
FeCo/HY 0.65(1.1) 0.59(1.8) 0.57(2.9) 0.56(3.8) 0.59
FeY 0.51(1.8) 0.5(3.0) 0.49(4.3) 0.5(5.8) 0.50
FeCoY 0.47(1.4) 0.53(2.7) 0.51(3.2) 0.53(3.9) 0.51
Fe/SiOy? 0.47(0.9) 0.49(2.7) 0.5(4.6) 0.49
Co/Si0,? 0.57(1.0) 0.61(2.0) 0.57(3.0) 0.58
FeCo/8i02" 0.52(1.9) 0.54(3.9) 0.53

“ Number in parentheses is conversion level of CO (%); a determined
for C,-Cy products.
b Data of Arcuri ef al. (9).
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DISCUSSION AND CONCLUSIONS

Several points are of interest concerning
the Y-supported catalysts both in terms of
intrinsic properties and in comparison to
similar SiO, materials. These are summa-
rized below.

(1) The Mossbauer spectra of the ion-ex-
changed catalysts suggest that all of the
iron ions locate in the hexagonal prism (site
1), or possibly the sodalite cages (sites 1’
II') (5). These are not reduced beyond Fe?*
with H,,425°24, and are in accord with
Hurst et al. (20) on the relative reducibility
of metal ions on Y zeolite, and the revers-
ibility of Fe?*—Fe3* on redox cycling. It is
fairly clear for impregnated samples that
large particles are external to the pore
structure and are, thus, more easily re-
duced. This is confirmed by the Méssbauer
data. However, carburization seems to be
supressed. There is only ca. 20% carbide
phase for Fe/HY, compared to almost 100%
for comparable Fe/SiO, catalysts.

(2) In contrast to Fe/SiO, (9), no FeCo
alloy is found in FeCo/HY after reduction
(Fig. 2B). This agrees with the results of
Suib et al. (3) for FeCo on zeolite support.
It has been proposed that the interaction
between metal and zeolite approaches that
of a metal-semiconductor contact with ze-
olite as an electron acceptor (21, 22). On
this basis a strong metal-support interac-
tion might be expected that inhibits alloy
formation.

(3) Table 7 shows that the zeolite-sup-
ported catalysts yield more high-molecular-
weight products, and that the ratio of ethyl-
ene to ethane turnover drops significantly
from 2.0 for SiO, to 0.4 for HY. Dejaifve et
al. (23) proposed a carbenium ion mecha-
nism with ethylene protonation via Brgn-
sted acid sites to form carbenium-like
surface species. This intermediate can then
react further to form high-molecular-weight
products. The present results are consistent
with this. HY is abundant in Brgnsted
sites (23) and even for NaY there are still
sites of this type though isomer formation

LIN, SCHWARTZ, AND BUTT

is lower, as expected. Since the metallic
particles are large and external to the zeo-
lite pore structure, it would be of interest to
investigate mechanical mixtures of metal
and zeolite to see if similar product distri-
butions are obtained.

(4) For higher molecular weight prod-
ucts, C5, only about 5% isomers were
found with SiO,-supported catalysts (9),
while here over 80% of the C§ material con-
sisted of isomerized products. Table 7 gives
the total production of C?; details of the
individual compositions through Cg are
given in (I5). The high ratio of isomerized
products for the acidic Y is obviously en-
hanced by the abundance of Brgnsted
sites in HY (23).

(5) With the exception of an irregular
drop at C, (noted for other catalysts) the
chain growth propagation model is obeyed
for the Y-supported catalysts. The «a values
for Fe/HY compared to Fe/SiO; are much
higher, while those for Co on the two sup-
ports are about the same, with FeCo inter-
mediate. A consequence is that Fe/HY
becomes the most efficient long-chain
producer in the Y series, whereas Co was
markedly better in this respect for the SiO;
series.

(6) Specific comparison of the Y-sup-
ported Fe catalysts with their silica-sup-
ported counterparts can be summarized as
follows.

(i) Impregnated Y-supported catalysts
have higher activity, « values, and isomeri-
zation activity compared to SiO, materials.
Isomer formation is supressed on NaY, but
still present.

(ii) Ion-exchanged Y materials cannot be
reduced to Fe°, whereas ca. 90% reduction
is obtained for silica-supported catalysts
under the same conditions.

(iii) Full carburization is observed under
reaction conditions for Fe/SiO,, while only
partial formation of carbide phases is ob-
served for Fe/HY. The stronger metal-sup-
port interaction in the zeolite-supported se-
ries inhibits carbide formation.

(iv) Similarly, the zeolite support seems



Fe ALLOY FISCHER-TROPSCH CATALYSTS, V

to inhibit FeCo alloy formation. The result-
ing low-molecular-weight olefin/paraffin ra-
tios are similar for FeCo/HY and Fe/HY,
and differ considerably from Fe/SiO, (Table
8). The characteristics of the ‘‘bimetallic”’
FeCo on Y zeolite are, thus, dominated by
Fe.

(v) The much higher a values for Fe/HY
vs Fe/SiO, are not easily explained. One
major difference between the two is the ex-
tent of carburization under reaction condi-
tions, providing some evidence of a role of
carbide in suppressing chain growth. For
Co/Si0, there is no carbide formation and «
is greater than for Fe/SiO,; when carbide
formation is inhibited, as for Fe/HY, « is
greatly enhanced. This behavior may, how-
ever, also be attributed in part to participa-
tion of the zeolite in the chain growth mech-
anism via the high surface acidity and
corresponding ionic polymerization activity
23).
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