JOURNAL OF CATALYSIS 130, 202-211 (1991)

The Effect of Supports on the Activity and Selectivity of Co—Ni Alloy

Catalysts for CO Hydrogenation

TaTsuMI ISHIHARA,' NoBuHIKO HORIucHI, KoicHI EGUCHI, AND HIROMICHI ARAI

*Department of Materials Science and Technology, Graduate School of Engineering Sciences,
Kyushu University 39, Kasuga-shi, Fukuoka 816, Japan

Received December 18, 1989; revised January 2, 1991

The CO hydrogenation activity of S0CoSONi alloy catalysts strongly depended on the oxide
support. Electron-donating oxides such as MgO, PbO, and ZnO lowered the overall activity of the
S0CoS0Ni metal. The CO conversion as well as the chain growth probability was high over
50Co50Ni/TiO, and 50C0o50Ni/MnO,. The infrared spectra of adsorbed NO indicated that the
electron density of the S0Co50Ni metal was low when it was supported on electron-accepting oxide.
The results of desorption measurements suggest that metal-support interaction has a great influence
on the surface concentration of hydrogen and carbon monoxide, and adsorption of carbon monoxide
and hydrogen is weakened by increasing the electronegativity of the oxide support. Since the rate
of H,-D, exchange correlated well with the CO hydrogenation rate, activation of hydrogen is of
primary importance in this catalyst system. The low electron density of the alloy supported on the
electron-accepting oxides such as TiO, and SiO, weakens CO adsorption, resulting in an increase
in surface coverage of hydrogen. Thus sufficient coverage of hydrogen leads to a high CO hydrogena-

tion rate. © 1991 Academic Press, Inc.

INTRODUCTION

The primary role of a support for a metal
catalyst is to provide a large surface area of
an active metal for reaction. Not only the
physical but also chemical effects some-
times modify the activity of metal. Vannice
and Garten (/) have reported that the chain
growth probability with Ni catalyst is en-
hanced when TiO, is used as a support as
compared with Ni powder or Ni supported
on Si0,, AL O;, or graphite. Santos et al.
(2) have reported the charge transfer from
Fe to TiO, with high-temperature reduction
of Fe/Ti0, ammonia synthesis catalyst. Al-
though Vannice et al. have pointed out the
high catalytic activity for CO hydrogenation
with the use of TiO, support (3, 4), the
mechanism has not been thoroughly under-
stood. The strong metal-support interaction
has been reported by Tauster ez al. (§) for
Group VIIH noble metal on TiO, catalysts

! Present address: Faculty of Engineering, Oita Uni-
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(6-9). Burch and Flambard (/0) emphasized
the creation of new active sites at the inter-
face of Ru and TiO,, but Raupp and
Dumesic (/1) proposed that the metals on
TiO, support effectively serve as adsorption
sites for hydrogen but not for carbon mon-
oxide. However, only a few reports have
dealt with the support effect in alloy systems
12).

The mixing of metal components has a
great effect on the activity and the selectiv-
ity because of the electronic interaction
among metals (/3). Our previous reports
(14-17) on the hydrogenation of CO over
TiO,-supported Fe, Co, and Ni ternary alloy
catalysts have revealed that the alloy cata-
lyst with the composition of 42Ni29Fe29Co
was highly active for CO hydrogenation and
the TiO,-supported catalyst is more active
for gasoline synthesis than is the SiO,-sup-
ported one. Both the 50CoS50Ni/SiO, and
S0Co50Ni/TiO, systems were highly active
and selective for gasoline synthesis. In this
study, we have investigated the effect of
the support on CO hydrogenation using the
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50Co50Ni catalyst. Interaction between
support oxides and the alloy particle was
discussed based on results of temperature-
programmed desorption (TPD) of hydrogen
and carbon monoxide, infrared spectra of
adsorbed NO, and the H,—D, exchange re-
action.

EXPERIMENTAL
Catalyst Preparation

Commercial metallic oxides, except for
TiO,, were used as supports for the
S0CoS50Ni catalyst. Titanium dioxide was
obtained by hydrolysis of TiCl,, and the pre-
cipitate was then dried and subsequently
calcined at 673 K for 4 h. The supported
bimetallic catalysts with total metal loading
of 10 wt% were prepared by the incipient
wetness technique (/4). Calculated amounts
of cobalt and nickel nitrates were dissolved
in distilled water and the support oxide was
soaked in the solution. Cobalt and nickel
hydroxides were coprecipitated onto the
support by an addition of ammonia water
and the suspension was evaporated to dry-
ness. The catalysts were calcined at 573 K
for 2 h in air and 673 K for 2 h under H,
stream. The phases of 5S0Co50Ni alloy and
oxide supports were identified by powder
X-ray diffraction just after reduction.

Apparatus and Procedure

Catalytic hydrogenation of carbon mon-
oxide was performed in a high-pressure
fixed-bed flow reactor, as reported pre-
viously (/4). The catalyst was preheated in
a hydrogen stream at 523 K for 1 h before
reaction. A gaseous mixture of H, (62 vol%),
CO (33 vol%), and Ar (5 vol%), which was
freed of water and carbonyl impurities by
active carbon and 13 X-type zeolite, was fed
to the catalyst bed at W/F = 10 g-cat-
h/mol, where W is the catalyst weight and
F is the total flow rate. Unless otherwise
noted, the reaction data were taken at 523
K and the total pressure was fixed at 1.0
MPa. The reaction products were analyzed
by gas chromatography (/6).
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Temperature-programmed desorption of
hydrogen and carbon monoxide was mea-
sured in a flow system. The apparatus and
the experimental procedure were described
in a previous paper (/4). A catalyst was
reduced in a hydrogen stream at 673 K for
1 h and was evacuated at room temperature
for 0.5 h before the TPD measurement of
H,. Carbon monoxide was adsorbed on the
prereduced catalysts at 673 K and then evac-
uated at room temperature. Purified argon
and helium were used as carrier gases for
TPD of H, and CO, respectively, after impu-
rity oxygen was removed by electrochemi-
cal pumping using yttria-stabilized zirconia
(YSZ) as an electrolyte. During heating in a
programmed schedule (9 K/min), desorp-
tion of hydrogen or carbon monoxide from
the sample was monitored by two thermal-
conductivity detectors (TCD). Water and
carbon dioxide were removed with a cold
trap which was placed between the de-
tectors.

In situ infrared spectra were recorded
with a JASCO IR-810 spectrometer (18). A
sample disk was heated at 673 K for 3 h in
vacuo to remove water and other adsorbed
gases. Nitrogen monoxide (ca. 4 x 10° Pa)
was introduced to the sample at room tem-
perature and heated to 423 K. After adsorp-
tion, nitrogen monoxide in the gas phase
was evacuated at room temperature prior to
the IR measurement. The background spec-
trum of the catalyst without the adsorption
treatment was subtracted from the observed
spectrum.

The H,-D, exchange reaction was carried
out in a conventional closed circulating sys-
tem of 120 cm® volume. Gaseous deuterium
was obtained by electrolysis of D,0. Com-
mercial hydrogen was purified by a liquid
N, trap. The mixture, with equal amounts
of H, and D, (total pressure 29.3 kPa), was
circulated and the isotopes were analyzed
by gas chromatography using a MnCl,/
Al O; (10 wt%) column (/9). Before the ex-
change reaction, the catalyst (0.3 g) was re-
duced with H, (ca. 100 Torr) at 673 K for 1
h and then evacuated at 673 K for 1 h. The
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TABLE 1

Lattice Constant and Average Particle Size of Co-Ni
Alloy Catalysts

Support S.A¢ Lattice Particle
m? g™ constant size’
(nm) (nm)
MgO 96.3 0.3531 16.6
PbO 1.5 0.3530 19.8
Zn0O 10.5 0.3526 11.7
ALO, 200.7 0.3527 10.1
Cr,0, 1.5 0.3528 20.7
TiO, 43.0 0.3526 17.5
MnO, 25.4 0.3530 15.6
V,0; 7.7 0.3529 12.7
Nb,O; 8.0 0.3527 17.2
Zr0O, 10.8 0.3528 11.9
Si0, 380.0 0.3529 16.1
MoO, 19.8 0.3528 15.2
Pentasil 320.0 0.3530 16.5

Note. Lattice constants of Co and Ni are 0.3520 nm
and 0.3540 nm, respectively.

¢ Surface area of support.

b Average particle size.

rate of H,—D, exchange, r, was obtained
from

log(X, — X.)/(X, — X,) = rt/2.303N,

where ¢t and N are the reaction time and the
total molar amount of hydrogen (H, + D,
+ HD) in the system, respectively, and X,,,
X,, and X, are the molar fractions of HD at
0 s, t s, and equilibrium state, respectively
0, 21).

RESULTS
Phases and Particle Sizes of Alloy

The phases and lattice constants of the
catalysts were observed by X-ray diffrac-
tion after reduction at 673 K. Only the
strongest diffraction peak from 50Co50Ni
alloy was detected except for the peaks from
the support oxide. The lattice constant of
50CoS50Ni alloy estimated from this peak is
givenin Table 1. Since the lattice constant of
the supported 50Co50Ni bimetallic catalyst
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was an intermediate value between those
of Co and Ni, it is assumed that supported
50Co50Ni bimetal formed the fcc structured
alloy on the support oxide (27). An average
particle size of the supported metal was ob-
tained from the Scherrer equation by line
broadening analysis (Table 1). The average
particle size of 50Co50Ni alloy ranging from
10 to 20 nm depends on the kind of support
oxide.

Infrared Spectra of Adsorbed NO

Infrared spectra of adsorbed CO has often
been employed for CO hydrogenation cata-
lysts; however, the amount of molecular ad-
sorbed CO is small on this S0Co50Ni alloy
because of its high dissociation activity. We
have previously reported on the electronic
state of Fe—Co, Co-Ni, and Ni—Fe bimetal-
lic systems as deduced from IR investigation
of adsorbed NO (/8). The infrared spectra
of adsorbed NO are sensitive enough to
study the electronic state of metals (22, 23).
Figure 1 shows the infrared spectra of ad-
sorbed NO on 50CoS50Ni supported on
MgO, ALO,, ZrO,, SiO,, and H-pentasil-
type zeolite. Two infrared bands around
1800 and 1860 cm ! generally appeared, ex-

entasi
pentasil 1230

Absorbance

1 1 4

2000 1800 1600 1400 1200
Wave number/cm?

F1G. 1. Infrared spectra of adsorbed NO over sup-
ported 50CoSONi alloy catalysts.
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TABLE 2

Hydrogenation of Carbon Monoxide over Co—Ni
Alloy Catalyst Supported on Various Oxides

Support  CO Selectivity (%)°

conv.

(%) CH, C;5-C§ C5-C; Cs-C;; Cp. Oxy.
MgO 0.1 100 0 0 0 0 0
PbO 0.1 100 0 0 0 0 0
ZnO 0.1 257 72 7.5 0 0 59.6
Al0, 188 273 105 19.4 96 33 ol
Cr0, 340 246 2.9 288 403 22 12
TiO, 460 150 173 2.1 40 10 60
MnO, 242 195 79 30.1 405 18 01
V,05 95 119 217 16.8 416 58 22
Nb,Os 147 214 108 24.7 405 0 0.1
Zr0, 132 365 4.7 24.2 288 47 0l
Si0, 23 334 1.8 28.7 55 05 0
MoO;, 22 359 242 27.4 114 0 1.2
Pentasil  32.8  45.8 34 27.6 B2 0 0

@ Calculation based on carbon number: 523 K., 1.0 MPa, H,/CO = 2.0,
WIF = 10 g-cat-h/mol. C;-Cy, olefins: Cy -C, ., paraffins; Cs-Cy;.
gasoline fraction; Cy» ., . higher hydrocarbons than carbon number of 11:
oxy., oxygenated compounds such as alcohols, ketones.

cept for 50C0o50Ni/MgO. Absorption bands
below 1700 cm™' on 50C050Ni/MgO and
50Co50Ni/AlO; are assigned to the NO spe-
cies adsorbed on the support oxides because
they are also observable on pure MgO and
ALO;. The absorption bands around 1800
and 1860 cm ™! can be assigned to bent- and
linear-type NO, respectively, based on our
previous work (/8). The bent- and linear-
type NO was absent on 50Co50Ni/MgO, but
these band intensities were very strong on
zeolite- and SiO,-supported catalysts. The
intensity of bent-type NO is related with the
number of active sites for the CO hydroge-
nation, as reported in our previous study
(18). The strong bent-type NO band on
Si0,- and zeolite-supported catalysts sug-
gests that there are numerous adsorption
sites on these catalysts. The absorption
band of NO shifted to slightly higher fre-
quency in the case of electron-accepting ox-
ides such as SiO,. This shift is likely to be
due to the low electron density of the alloy.

Hydrogenation of Carbon Monoxide

The activity and the product distribution
over the 50Co50Ni catalyst on various ox-
ides are summarized in Table 2, where the
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product distribution is expressed with refer-
ence to a CO base. Carbon dioxide was
scarcely formed over all the supported
50Co350Ni catalysts. The catalytic activity
as well as the product distribution are
strongly influenced by the kind of oxide sup-
port. A high dispersion of metal does not
always result in high CO conversion, as
shown in Table 2. The main factor, which
determines the catalytic activity, appears to
be chemical interaction between the support
and the metal. Support oxides such as MgO,
Zn0, and PbO lowered the overall activity
of the 50Co50Ni catalyst, but the activity as
well as the chain growth probability was
enhanced by using the oxide supports
Cr,04, TiO,, and MnO,. Among the cata-
lysts in Table 2, the overall yield of the gaso-
line fraction (Cs-C,;;) was highest on the
TiO,-supported catalyst. Silica and pentasil-
type zeolite were also effective in enhancing
CO conversion; however, methanation pro-
ceeded preferentially to the chain growth
reaction. The vanadia-supported catalyst
exhibited the highest chain growth probabil-
ity as well as a high selectivity to olefins.
The catalyst supported on MoO; was also
selective for the production of C,-C,
olefins.

Adsorption States of Hydrogen and
Carbon Monoxide

Temperature-programmed desorption is
powerful in determining the adsorption state
of H, and CO (24-26). Hydrogen and carbon
monoxide desorption in TPD strongly de-
pends on the support oxides, as shown in
Figs. 2 and 3. A large amount of hydrogen
desorption was observed from 50Co50Ni/
V,0, and S0Co50Ni/MoO; catalysts, as a
result of spillover (27, 28). The amount of
H, desorption below 523 K was small on
MgO-, ZnO-, and AlLO;-supported cata-
lysts, but large on SiO,-, ZrO,-, and TiO,-
supported ones (Fig. 2). As discussed later,
the desorption temperature is related with
the catalytic activities for CO hydroge-
nation.

The amount of CO desorption was gener-
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ally larger than that of H, . Most of CO on the
catalysts desorbed above 673 K, as shown in
Fig. 3. This suggests that adsorption of CO
is strong compared with that of H,. The
large amount of CO, desorption observed
on MgO- and Al,O;-supported catalysts was
formed by disproportionation of adsorbed
CO.

Hy-D, Exchange Reaction

The rates of the H,—D, exchange reaction
on the 50Co50Ni alloy catalysts are summa-
rized in Table 3. The exchange rate on
50Co50Ni/MgO was extremely fast, and HD
formed even at 77 K. The high activity of
50CoS50Ni/MgO suggests that HD formed
not only on the Co-Ni alloy but also on the
MgO surface (29). The exchange rates on
Co-Ni alloy catalysts except for Co-Ni/
MgO were at a similar level, but no relation
has been found between the CO hydrogena-
tion activity and H,-D, exchange rate. Pre-
adsorbed carbon monoxide greatly lowered
the overall rate of H,—D, exchange. The for-
mation of HD did not proceed on 50Co50Ni/
MgO at 298 K. This suggests that the adsorp-
tion of CO is much stronger than that of
hydrogen (30). The H,-D, exchange reac-
tion is strongly impeded by preadsorbed CO
on the electron-donating oxides because of
their strong affinity for CO.
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F1G. 2. TPD curves of H, from supported 50Co50Ni
catalysts.
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F1G. 3. TPD curves of CO from supported 50Co50Ni
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DISCUSSION
Phases and Particle Size of Alloy

The diffraction peak from the (111) plane
of Co-Ni alloy is always detected on the
supported S0Co50Ni catalysts. The lattice
constant of the alloy is unchanged by the
support. It is reported that the surface of
Co-Ni alloy is enriched with cobalt (21).
The absorbance of bent- and linear-type NO
seems to reflect the number of electron-do-
nating and electron-withdrawal sites, re-
spectively. The ratio of absorbance of bent-
to linear-type NO, therefore, qualitatively
reflects the electron-donating property of
the surface adsorption sites of Co—Ni alloy.
It is expected that the electronic state of
adsorption sites on alloy would alter linearly
from Co to Ni as a result of the electronic
interaction between Co and Ni, which is
suggested by XPS measurements (3/). The
ratio of these two NO absorption bands,
therefore, linearly decreased with increas-
ing Ni content in the bulk alloy. Thus the
ratio of the absorbance of bent- to linear-
type NO seems to reflect the surface compo-
sition of Co-Ni alloy. Two infrared bands
assigned to bent- and linear-type NO always
appeared on supported Co-Ni catalyst ex-
cept for 50Co50Ni/MgO (Fig. 1). The sur-
face composition of Co—Ni is almost similar
on every supported 50Co50Ni catalyst in
Fig. 1 judging from the ratio of the ab-
sorbance of bent- to linear-type NO.
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TABLE 3
Rates of H,-D, Exchange Reaction over Supported Co~Ni Alloy Catalysts
Support Before CO adsorption After CO adsorption
H,-D, Exchange rate E¢ H,-D, Exchange rate E“
(mol/min) (kcal/mol) (mol/min) (kcal/mol)
77 K 195 K 273 K 195 K 273 K
MgO 593 x 107 3.31 x 1073 b 1.1 ¢ ¢ —
AlLO, ¢ 1.15 x 107* 2.65 x 107} 4.2 6.28 x 107% 2.65 x 107* 9.3
V,0s ¢ 971 x 1075 2.61 x 107} 4.4 7.07 x 107¢ 1.85 x 10°° 6.2
TiO, ¢ 3.04 x 1075 1.27 x 1073 5.0 3.80 x 107% 3.16 x 1075 13.7
SiOo, ¢ 3.89 x 107* 1.63 x 107} 1.7 1.69 x 107° 8.45 x 107° 6.9

¢ Activation energy.
» Exchange rate >1 x 10~ mol/min.
¢ Exchange rate <1 x 10~% mol/min.

The remarkable support effects on the
catalytic activity should partly result from
the particle size of the metal. However, a
high dispersion of metal does not always
result in a high CO conversion, as shown in
Tables 1 and 2. The variation in the activity
and the selectivity of supported 50CoS0Ni
catalysts is expected to be more strongly
influenced by a chemical interaction be-
tween the support and 50Co50Ni alloy.

Electronic Interaction between Alloy and
Support Oxide

The bent-type (NO™) is formed by elec-
tron donation from the metal to the anti-
bonding orbital of the NO molecule,
whereas linear-type (NOY) is formed by
electron withdrawal from NO. With an elec-
tron donation from metal to NO, both bent-
and linear-type bands shifted to lower fre-
quencies (/8, 32). The absorption frequency
of NO depends on the support oxide (Fig. 1).
This suggests that support oxide interacts
electronically with Co-Ni alloy. The elec-
tron-accepting property of the oxide can be
expressed by the electronegativity scale.
The geometric mean of the electronegativi-
ties of components is defined as the electro-
negativity of oxide based on the Sanderson
rule (33). The absorption frequency of bent-

type NO is shown in Fig. 4 as a function of
the electronegativity of the support oxide.
The absorption frequency of bent-type NO
is shifted to higher frequencies on increasing
the electronegativity of support oxide. The
support effects proposed up to now are elec-
tronic interaction between metal and sup-
port (34-36), morphological effects such as
the ensemble effect, alloy formation with
support, and migration of partially reduced
support to the metal surface. The electron
transfer model was supported by the infra-
red shifts of the NO bands depending on
the electron-accepting property of the oxide
(Fig. 4). Theoretical calculation, however,
suggests that electronic perturbations in the

1900

1800

700

1600

Absorption frequency/cm

2.0 2.2 2.4 26 28
Electronegativity

F1G. 4. Relation between electronegativity of oxides
and the absorption frequency of bent-type NO.
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present metal particles is small because of
their large size (37). The effect of the sup-
port oxide cannot be explained by the pure
electron-transfer model. Burch and Flam-
bard (10) and Zhao and Chung (38) proposed
that the active sites at the metal and oxide
support interface play the decisive role for
the CO hydrogenation. In the present
Co-Ni alloy catalyst, these perimeter sites
are also expected to play an important role
for the CO hydrogenation reaction. The
electronic state of the perimeter sites on
Co-Ni alloy seems to be strongly affected
by the electronic interaction between metal
and supported oxide. The number of perim-
eter sites depends on the average particle
size of alloy. However, no relationship can
be observed between the average particle
size and the catalytic activity and selectivity
of the alloy. Since the average particle size
of the alloy is distributed in a rather narrow
range from 10 to 20 nm, as shown in Table
1, the difference in the electronic state of
perimeter sites seems to affect strongly the
adsorption and catalytic properties of the
alloy as compared with the difference in the
number of perimeter sites.

Relation between the Electronegativity of
Support Oxides and CO Hydrogenation

The turnover frequency for CO hydroge-
nation, chain growth probability, and the
methane selectivity are plotted as a function
of the electronegativity of the support ox-
ides in Fig. 5. The turnover frequency for
CO hydrogenation was calculated based on
the amount of adsorbed hydrogen. An ex-
ceptionally large amount of hydrogen due
to spillover desorbs from V,05- and MoO;-
supported Co-Ni alloy. It is noted, there-
fore, that the turnover frequencies of V,0s-
and MoO;-supported Co-Ni alloy catalysts
were estimated as rather small values. As
the electronegativity of the support in-
creases, the turnover frequency increases
until it reaches a maximum around the elec-
tronegativity of 2.6. The chain growth prob-
ability was also maximum at an intermediate
electronegativity. The dependence of CH,
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Fi1G. 5. Relation between electronegativity of oxides
and turnover frequency (TOF), chain growth probabil-
ity, and CHj selectivity.

selectivity on electronegativity is almost re-
verse to that of the chain growth probability.
Although the influence of the difference in
the number of perimeter sites is small as
compared with the electronic effects, the
deviation in the correlation in Fig. 5 seems
to be brought about by the particle size ef-
fect. The effect of electronegativity is fur-
ther investigated in connection with adsorp-
tion behavior for carbon monoxide and
hydrogen.

Relation between the CO Hydrogenation
and the Adsorption Property of Co—Ni
Alloy

The temperatures at the maximum rates
of H, (Fig. 2) and CO desorption (Fig. 3) in
the TPD experiments are plotted as a func-
tion of electronegativity of the support oxide
in Fig. 6. Both H, and CO desorbed in a
relatively low-temperature region from
50Co50Ni metal on oxides with high electro-
negativity. The electron density of adsorp-
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FiG. 6. Dependence of the desorption temperature
of H, and CO on the electronegativity of oxide support.
® H, desorption; O CO desorption.

tion sites is lowered by electron withdrawal
from the electron-accepting oxide. The
chemical bonds between the metal and hy-
drogen or carbon monoxide should be weak-
ened. A large amount of CO, desorbed from
the catalysts on the electron-donating ox-
ides such as MgO or Al,O;, but only a small
amount from those on electron-accepting
oxides such as SiO, or Nb,Os (Fig. 3). The
low electron density of adsorption sites sup-
presses the dissociative chemisorption of
CO. Thus the electron density of adsorption
sites has a great influence on the adsorption
property of the alloy.

The H,~D, exchange reaction was
strongly suppressed by CO adsorption (Ta-
ble 3). No relation has been found between
the activities for CO hydrogenation and
H,-D, exchange reaction without CO ad-
sorption. The amount of adsorbed hydrogen
and carbon monoxide almost corresponds
to that estimated from the average particle
size in Table 1. However, the amount of
adsorbed carbon monoxide is generally
larger than that of hydrogen. In addition,
the desorption temperature of carbon mon-
oxide is higher than that of hydrogen (Fig.
6). It is expected that the adsorption of car-
bon monoxide is faster and stronger than
that of hydrogen. As with other metal cata-
lyst systems, adsorption of hydrogen is
strongly impeded by CO adsorption
(39—41). The overall rate for CO hydrogena-
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tion is then plotted versus the rate of H,-D,
exchange at 523 K on CO preadsorbed
50Co50Ni alloy. The exchange rate is esti-
mated by extrapolation of the Arrhenius
plots in Fig. 7. The CO hydrogenation rate
evidently correlates well with the H,~D, ex-
change rate at 523 K. The hydrogen activa-
tion ability in the presence of CO is of pri-
mary importance in determining the
catalytic activity of the Co—-Ni catalysts.
The TPD experiments in Fig. 2 revealed
the existence of two hydrogen species on
alloy catalysts, viz., hydrogen desorbed be-
low 473 K and above 673 K. Weakly bonded
hydrogen is generally regarded as active for
the hydrogenation reaction in other systems
(42, 43). We have reported previously (/6)
that, in a series of Fe—Co—Ni catalysts sup-
ported on TiO, or SiO,, the amount of hy-
drogen desorbed at 423-473 K correlates
with the CO conversion. The CO conversion
of supported S0Co50Ni catalysts is plotted
as a function of the amount of hydrogen
desorbed at 423-473 K in Fig. 8. The
50Co050Ni/V,05 and 50Co50Ni/MoO; cata-
lysts are excluded from the plot because of
exceptionally large desorption due to spill-

1og req imotmin

i

-6 -5 -4 -3 -2 -1 0
109 ryp (CO) I mol-min™

FiG. 7. Relation between the rate of CO hydrogena-
tion, rcg, and Hy-D, exchange rate, ryp, at 523 K.
H,-D, exchange rate under conditions of saturated CO
adsorption was carried out after preadsorption of CO
and was estimated by extrapolation of the Arrhenius
plots.
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Fi6. 8. Plots of CO conversion versus the amount of
desorbed H, at 423-473 K.

over (27, 28). The good correlation between
the CO conversion and the amount of hydro-
gen desorption suggests that the weakly
bonded hydrogen is active for the CO hydro-
genation. The high CO hydrogenation and
H,-D, exchange rates on TiO,- or SiO,-sup-
ported catalyst are attributed to the high
concentration of active hydrogen on the
alloy surface. Considering the TPD data in
Fig. 3, the chemisorption of carbon monox-
ide is so strong on the basic oxides that no
room exists for hydrogen adsorption on the
metal surface. On the contrary, hydrogen
adsorption proceeded rapidly on the metal
supported on the electron-accepting oxides.
Thus, methanation proceeded dominantly
on the alloy supported on SiO, or zeolite.
High chain growth probability was obtained
on the 50CoS50N:i alloy supported on Cr,0;,
TiO,, or V,0s because both hydrogen and
carbon monoxide are easily chemisorbed
and form the intermediate of partially hydro-
genated species on the catalyst surface.
The migration of partially reduced sup-
port species to the metallic surface may oc-
cur on some catalysts, such as the TiO,-
supported one. However, it can be recog-
nized that there is a significant support effect
among the Co-Ni alloys supported on the
non-reducible oxides such as Al,O,, SiO,,
and MgO. Considering the infrared shifts of
the NO bands, electronic interaction at the
metal-oxide interface gives a very signifi-
cant effect as compared with the migration
of partially reduced support species to the
metallic surface in the Co-Ni alloy system.
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CONCLUSION

The oxide support exhibits marked effects
on both the CO hydrogenation activity and
the product distribution of the 50Co50Ni
alloy. The adsorption and activation of hy-
drogen is of primary importance in de-
termining the catalytic activity of the sys-
tem, since the surface CO species strongly
hinder hydrogen adsorption. Support oxides
such as Cr,0,, TiO,, or V,05 are most effec-
tive in producing a gasoline fraction. The
support effect in the present study seems to
result from control of the surface concentra-
tions of active hydrogen.
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