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Unsupported nickel-rhenium bimetallic catalysts have been prepared from a mixture of
NH,ReO, and nickel oxide containing CaO. It has been established that the total and metal surface
areas as measured by X-ray diffraction, by the BET method and by CO chemisorption are en-
hanced by CaO addition compared to calcium-free samples. In addition, alloy formation is pro-
moted by CaO, as indicated by ferromagnetic resonance (FMR) and X-ray diffraction measure-
ments. X-Ray photoelectron spectroscopy reveals surface enrichment of rhenium and calcium
abundance on the surface, particularly in heat treated samples. Sintering is retarded by the pres-
ence of CaO. The turnover frequencies for the dehydrogenation of cyclohexane, for the hydrogena-
tion of benzene, and for the hydrogenolysis of ethane increase with increasing addition of Re to Ni
up to the composition of 85 at.% Re-15 at.% Ni, followed by a fall for the pure rhenium catalyst. A
remarkable effect of calcium addition is a strong suppression in the specific rate of ethane hydro-
genolysis. For CO hydrogenation the TOF increases as the amount of nickel decreases and there is
a simultaneous change in the olefin and C; selectivity. In the range between pure Ni and 85 at.%
Ni-15 at.% Re the formation of higher hydrocarbons is slightly promoted whereas on the Re-rich
samples a high methane selectivity can be observed due to the enhanced hydrogenation activity of

rhenium. © 1987 Academic Press, Inc.

INTRODUCTION

Earlier it was found that the addition of
rhenium to nickel results in the enhance-
ment of nickel dispersion (/-3). However,
nickel compounds often contain small
amounts of calcium oxide as impurity, and
thus it is important to find out the effect of a
nonreducible metal oxide on the formation
of a bimetallic catalyst.

It has been known for a long time that
some nonreducible oxides serve as pro-
moters in ammonia synthesis and steam re-
forming catalysts (4, 5). Generally speak-
ing, the presence of such oxide species in
mono- or bimetallic systems is supposed to
result in the stabilization of small metal par-
ticles (6-10).

The main goal of this work is to clarify
the effect of calcium oxide present in an

1 To whom correspondence should be addressed.

amount larger than that normally observed
inthe nickel catalyst, for the nickel-rhenium
system. The samples prepared are charac-
terized by several physical methods and by
hydrocarbon reactions as well as by the hy-
drogenation of carbon monoxide.

EXPERIMENTAL

Catalysts. Calcium-containing nickel ox-
ide samples were prepared from nickel car-
bonate by decomposition at 770 K. The de-
termination of calcium was carried out by
the atomic absorption method. NHReOQ,
and nickel oxide containing calcium oxide
were slurried at 330-340 K in varying com-
positions and dried at 350 K. The powders
were reduced in hydrogen (5 liters/h) at 670
K for 6 h. The preparation has been de-
tailed elsewhere (2). In some cases an addi-
tional heat treatment (these samples are de-
noted by HT) in hydrogen at 920 K for 6 h
was applied. The calculated composition
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TABLE 1

Nominal Composition of the Catalyst Samples

in at.%
Catalysts Ni Ca Re
100 Ni 99 1 —
98Ni2Re 97.02 0.98 2
95NiSRe 94.05 0.95 5
92Ni8Re 91.08 0.92 8
90Nil0Re 89.1 0.9 10
85NilSRe 84.15 0.85 15
80Ni20Re 79.2 0.8 20
TONi30Re 69.3 0.7 30
50NiS0Re 49.5 0.5 50
30Ni70Re 29.7 0.3 70
15Ni85Re 14.85 0.15 85
100Re — — 100
Re + Ca — 1 9

of the samples is given in Table 1. The pure
rhenium catalyst was prepared by decom-
position of NHReO, in a stream of hydro-
gen at 670 K. The 1 at.% Ca-containing rhe-
nium catalyst was also prepared by adding
Ca(OH), to NH,ReO, before the reduction
step and is denoted as Re + Ca catalyst.

Characterization of the bimetallic sam-
ples. The surface area of the catalysts was
measured by low temperature nitrogen ad-
sorption (BET method) and by CO chemi-
sorption in a pulse system (2). Several
physical methods were applied to deter-
mine the structure of the bimetallic sam-
ples. X-Ray diffraction served to follow the
reduction and the phase composition. The
ferromagnetic resonance (FMR) method (3)
was utilized to follow alloy formation in the
system. The surface composition of the
rhenium—-nickel samples was measured by
X-ray photoelectron spectroscopy (XPS)
using a Kratos ES 300 spectrometer with an
AlKo (1486.6 eV) X-ray source.

Catalytic reactions. Hydrogenation of
benzene and dehydrogenation of cyclohex-
ane were carried out in a tubular flow reac-
tor. Normally 200 mg catalyst diluted with
800 mg quartz sand was charged into the
reactor. The passivated catalysts were re-
duced in situ at 670 K in a stream of hydro-
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gen (5 liters/h) for 2.5 h. After reduction the
cyclohexane at 2.45 ml/h flow rate was in-
troduced into the H; stream and its conver-
sion to benzene was measured at 570 K after
120 min on stream. For benzene hydroge-
nation the reactor temperature was ad-
justed to 420 K and 2.46 ml benzene/h was
introduced into the H, stream. Hydrogeno-
lysis of ethane was carried out in a pulse
system. The flow rate of hydrogen was 3
liters/h and 1 ml ethane was pulsed in the
stream. A reaction temperature between
550 and 700 K was selected to obtain a con-
version in the 5-30% range. The catalytic
activity was evaluated by the method intro-
duced by Basset and Habgood (/1) assum-
ing first order kinetics for ethane.

The H, + CO reaction was measured in a
flow reactor operated at differential conver-
sion level. A 3:1 Hy/CO mixture was intro-
duced in the reactor with a flow rate of 0.9
liters/h between 470 and 630 K, depending
on the activity of the catalysts. The reac-
tion products were analyzed by a gas chro-
matograph (Packard Type 427) using an
n-octane on Porasil C column with a
temperature program. The catalytic activity
referred to as the amount of CO producing
hydrocarbons was expressed by the rate in
mol s™! g”L.;. The specific activity here is
calculated as turnover frequency (TOF)
(s™"), using the number of metallic sites de-
termined by CO chemisorption. The S¢;
and Sqr values used to describe selectivi-
ties are defined as 2, C/2; C;and 2, C; /2,
C;, respectively, where C; and C; are the
moles of hydrocarbons and the moles of
olefins with carbon number i, respectively.

RESULTS
1. X-Ray Diffraction

Earlier it was shown that at 670 K alloy
formation for the calcium-free nickel-rhe-
nium catalysts (2) takes place only to a
small extent, in agreement with the phase
diagram (/2). For the calcium-containing
catalysts alloy formation is again far from
being complete because in the X-ray dif-
fraction pattern two phases, a hexagonal
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FiG. 1. Lattice distances determined from hcp (101)
and fcc (111) reflections vs composition with accuracy
of +0.0005 nm. Symbols: () Ca-containing catalysts,
(0)) Ca-free samples.

closed packed (hcp) and a face-centered cu-
bic (fcc) phase can be seen. In Fig. 1 the
(101) and the (111) reflections have been
evaluated for the hcp and fcc phases, re-
spectively, to determine the lattice dis-
tance. For comparison, data for the cal-
cium-free catalysts from Ref. (2) are also
included. It can be seen that the addition of
calcium results in an increase in the lattice
distance, which could be an indication for
alloy formation.

In Table 2 the apparent particle size of
the catalyst samples is presented. The cal-
culation is based on the X-ray line-broaden-
ing of the (111) and (200) reflections using
the Scherrer equation (13). It is quite clear
that the addition of calcium results in a de-
crease in the crystallite size. The same
holds for the addition of rhenium to nickel.
On heat treatment in hydrogen at 920 K
there is only a slight increase in the crystal-
lite size for the catalysts containing more
than 10 at.% Re, whereas a significant sin-
tering can be observed for the nickel-rich
catalysts.
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2. Ferromagnetic Resonance (FMR)
Measurements

Phase formation in a multimetallic cata-
lyst can be followed by the FMR technique
3).

Since the magnetization of a sample is
directly proportional to the line intensity, I
(14), alloy formation can be foliowed by the
I vs composition curve (see Fig. 2). The
decrease of I with increasing rhenium con-
tent can be ascribed to the increasing alloy
formation which is further enhanced by
heat treatment. This explanation is based
upon the fact that any changes in the line
intensity due to the variation in dispersion
are negligible, since the X-band is saturated
above sizes of 10 nm (15).

3. X-Ray Photoelectron Spectroscopy
(XPS)

The surface composition of the samples
and the chemical state of nickel and rhe-
nium were studied by XPS. Prior to the
measurements the passivated samples were
reduced at 670 K for 4 in a hydrogen flow of

TABLE 2

Apparent Particle Size of the Crystallites in fcc
Phase® in nm

Sample Without CaO? With CaO
Standard
reduction Standard HT*
(670 K) reduction (920 K)
(670 K)
100NiORe 58.5¢ 17.3 457
98Ni2Re 34.3 15.4 36.9
95Ni5Re 47.0 15.6 31.3
92Ni8Re 339 14.8 24.7
90Ni10Re 34.8 15.4 18.7
85Nil5Re 31.7 14.3 15.5
80Ni20Re 31.7 13.6 12.2
70Ni30Re 30.7 11.6 12.8
50NiS0Re 26.1 — 14.8
30Ni70Re — — 15.5

¢ Calculated from (111) and (200) reflections using
the Scherrer equation.

b Reproduced from Ref. (2).

< Heat treated in hydrogen,

4 Uncertainty at 60 nm *3§ nm and at 10 nm 13 nm.
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FIG. 2. Line intensity, I, measured in the FMR ab-
sorption of the Ca-containing catalysts. Symbols: (l)
reduced at 670 K, ({J) heat treated samples.

5 liters/h followed by an in situ reduction in
13 Pa hydrogen at 520 K in the sample prep-
aration chamber. Peak positions for the Ni
2pin and Re 4f;, transitions are given in
Fig. 3. The C 1s peak at 284.5 eV binding
energy (B.E.) from carbon contamination is
taken as an internal standard for the deter-
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F1G. 3. Change of binding energy, B.E., for rhenium
4f,» and nickel 2psp lines vs composition for Ca-con-
taining samples.
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mination of the B.E. for nickel and rhe-
nium. The uncertainty in the B.E. values is
0.2 eV. The addition of calcium to nickel
results in a 0.5 eV shift of the Ni 2p3» peak
toward higher B.E. (for metallic Ni the
peak position is 852.3 eV). On addition of
rhenium to the calcium-containing nickel
catalysts there is a further increase of about
0.3 eV. The Re 4f;, peak is also shifted to
higher B.E. by 0.3 eV for the Re + Ca sam-
ple and for the nickel-containing catalysts,
but the shift seems to be independent of the
nickel concentration within the experimen-
tal error. In Fig. 4 the Ni 2p and Re 4f re-
gions are presented for the 50 at.% Re cata-
lyst. The shoulder on the high B.E. side of
the Ni 2ps, peak is caused by nickel oxide,
present in a quantity of 5-10%.

The average surface composition of the

Signal intensity

Re "fsrz Re ‘f7/Z

) P P % BEfeV

Ni 2pypy N 2p 3
880 &m0 860 850 840
BE/eV

F1G. 4. XPS spectra for rhenium 4f and nickel 2p
regions for the Ca-containing sample at 50 at.% Re
composition.
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F1G. 5. Surface Re/(Ni + Re) ratio vs bulk concen-
tration of rhenium in the Ca-containing samples.

catalysts is calculated from the peak areas
using standard procedures (I6) in which
corrections are allowed for ionization cross
sections, escape depths for electrons, and
for spectrometer transmission. A surface
enrichment in rhenium is observed for the
calcium-containing catalysts, as given in
Fig. 5. A pronounced surface enrichment in
calcium is found for high nickel concentra-
tion resulting in nearly a monolayer of CaO
in the nickel sample. On decreasing the
nickel concentration the surface composi-
tion of Ca with regard to nickel decreases,
but 5-20% of the surface is always covered
with calcium.

The effect of heat treatment is to produce
a small change in the relative concentration
of Re and Ni and a large increase of the Ca
concentration on the surface, as shown in
Table 3.

4. Surface Area Measurements

In Fig. 6 the BET surface area is plotted
vs the rhenium content of the samples for
calcium-containing and for calcium-free
samples, both having been reduced by the

TABLE 3

Surface Concentration of Ni, Re, and Ca on the
50Ni50Re Catalyst

Element Atom%
H,/670 K H,/920 K
Re 69 64
Ni 20 19
Ca 11 17
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Fi1G. 6. BET surface area vs composition for the
nickel-rhenium samples. Symbols: () Ca-containing
samples reduced at 670 K, (@) Ca-free samples re-
duced at 670 K from Ref. (17), ((J) Ca-containing sam-
ples heat treated at 920 K for 6 h, (O) surface area
calculated from CO chemisorption for the Ca-contain-
ing samples.

standard procedure. The effect of calcium
resulting in the increase of dispersion (al-
ready indicated by the X-ray diffraction
measurement) is obvious from the BET
data. This effect is significant even at low
nickel content. However, heat treatment of
the samples drastically decreases the BET
surface area.

The effect of calcium on the metal sur-
face area measured by CO chemisorption is
presented in Fig. 7. Here again the pres-
ence of calcium enhances the CO chemi-
sorption indicating higher metal dispersion.
The increase is about 10-fold for the Ca +
Re catalyst, whereas only two- to three-fold
for the nickel-containing samples.

From CO chemisorption the specific
metal surface area can also be calculated
assuming a 1:1 stoichiometry for the CO
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Fi6. 7. CO chemisorption vs composition for the
samples reduced at 670 K. Symbols are as in Fig. 6.

chemisorption and an average surface den-
sity of 10'° atoms m~2. The values obtained
are below the BET surface area as indi-
cated in Fig. 6. Since the total and metal
surface areas are the same for the calcium-
free bimetallic catalysts (2}, the conclusion
can be drawn that calcium partly covers the
metal sites, which is in agreement with the
XPS data. Nevertheless, the metal surface
area is still higher here than in the calcium-
free samples.

5. Catalytic Reactions

Dehydrogenation of cyclohexane, hydro-
genation of benzene, hydrogenolysis of eth-
ane, and hydrogenation of carbon monox-
ide have been studied to test the catalytic
activity. First we present in Fig. 8a the
TOF values vs composition for calcium-
free catalysts calculated from the data pub-
lished in Ref. (17). Cyclohexane dehydro-
genation is completely independent of the
change of dispersion induced by rhenium.
For benzene hydrogenation and ethane hy-
drogenolysis the increased metal dispersion
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up to 8 at.% Re is accompanied by a sharp
increase of the TOF. However, for benzene
hydrogenation the TOF runs parallel with
the decrease of dispersion induced by fur-
ther rhenium addition. On the other hand,
the TOF for ethane hydrogenolysis keeps
increasing even at higher rhenium content
reaching a maximum at about 50 at.% Re,
similar to that found for n-butane hydro-
genolysis measured on the Pt—Re system
18).

Despite the enhanced metal surface area
for calcium-containing nickel, the TOF is
1.5-3 orders of magnitude smaller than that
on calcium-free samples. As shown in Fig.
8b, the addition of rhenium causes a sharp
increase in the TOF for all hydrocarbon re-
actions up to the composition of 85 at.% Re
and the TOF drops again on the pure rhe-
nium catalyst. It is of importance to note
that the increase of the TOF for hydrogena-
tion of benzene and for hydrogenolysis of

b)
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Fi1G. 8. Turnover frequencies (s~') vs composition
on the samples reduced at 670 K. (a) Ca-free catalysts,
(b) Ca-containing catalysts. Symbols: (@) dehydro-
genation of cyclohexane at 570 K, (W) hydrogenation
of benzene at 420 K., (A) hydrogenolysis of ethane at
570 K.
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FiG. 9. The energy of activation () and TOF (@) in
the CO + H; reaction vs composition measured at 540
K on CaO-containing samples. (O) TOF for Ca-free Re
sample.

ethane is steeper than that for cyclohexane
dehydrogenation.

After heat treatment at 920 K, the cal-
cium-containing samples become com-
pletely inactive. One of the reasons is a
large decrease in the surface area compared
to the samples prepared by the standard
method (see Fig. 6). The second cxplana-
tion is the Ca enrichment on the surface
which covers the metallic sites measured
by XPS.

It has to be noted that the TOF for dehy-
drogenation, hydrogenation, and for hydro-
genolysis on 85 at.% Re samples is the
same or higher than on the calcium-free
samples (I7), but this correlation is re-
versed when the nickel concentration is
above 50 at.%. An increase in the amount of
nickel results in a rise in the overall CaO
concentration which is further enhanced by
surface segregation leading eventually to a
serious activity loss on the Ni-rich samples.
However, in the range between 0 and 50
at.% Re the TOF of ethane hydrogenolysis
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is significantly lower than those calculated
for the other hydrocarbon reactions, i.e.,
hydrogenolysis in this range is suppressed.

In the CO + H, reaction the catalysts
first have to be stabilized because after the
admission of the reaction mixture serious
deactivation occurs mainly on pure Ni and
on Ni-rich samples. In Fig. 9 the TOF val-
ues measured at 540 K are plotted vs com-
position. Practically no difference between
100 at.% Re and the Re + Ca samples can
be observed. Reliable rate data for rhe-
nium-free nickel are not available due to the
continuous deactivation. From the compo-
sition of 2 at.% Re the TOF sharply in-
creases and there is a small but not signifi-
cant fluctuation in the apparent energy of
activation (see Fig. 9).

Selectivity data on the CO + H, reaction
give additional information about the effect
of rhenium. By decreasing the nickel con-
centration to 85 at.% Ni the increase in the
TOF is accompanied by a preferred chain
formation indicated by the slight increase in
Sc; (see Fig. 10). Further decrease of
nickel causes an increase in methane selec-
tivity (I — S¢;). By considering the olefin se-
lectivity it is clearly seen that higher hy-
drocarbons consist mainly of saturated
molecules. Although nickel is considered as
a methanation catalyst, higher hydrocar-
bons are also produced here which might be
ascribed to the presence of calcium.

0.34
02

011

L

2 0 ) 80 00 A-%Re
FiG. 10. Selectivity changes in the CO + H, reaction

vs composition on the Ca-containing samples mea-

sured at 540 K. Symbols: (A) Scr and (@) S, -
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DISCUSSION

In the nickel-rhenium bimetallic system
both enhanced dispersion and alloy forma-
tion were observed as the amount of rhe-
nium added to nickel increased (/-3). As
calcium oxide is introduced to the bimetal-
lic samples, the dispersion is further in-
creased as indicated by the crystallite size
measured by X-ray line-broadening, by
BET surface area and by the CO chemi-
sorption data representing the metal sites
exposed at the surface.

Stabilization of the higher dispersion
starts already in the first step of catalyst
preparation. On addition of calcium to
nickel carbonate before decomposition in
air at 770 K the sintering of NiO is pre-
vented most probably via the formation of a
mixed surface oxide phase. A similar effect
has been found by McVicker et al. (19) for
iridium catalysts when the sintering of irid-
ium during oxidative treatment was pre-
vented by trapping IrQ, in the form of cal-.
cium iridate. On subsequent reduction of
the CaO + NiO mixture the sintering of the
nickel particles formed is hindered as CaO
covers the surface. CaQO also prevents com-
plete reduction of the mixed oxide phase as
XPS shows about 5-10% of the nickel to be
in an oxidized state.

In addition to the increase of dispersion,
alloy formation between Ni and Re is also
favored by CaQ. The increase in the lat-
tice distance and the decrease in magnetiza-
tion shown in Figs. 1 and 2, respectively,
are strong evidence for this effect which is
further supported by the B.E. shift found in
XPS. In the literature a shift in the core
level binding energies has been described
for other systems (20).

In the interpretation of the catalytic
results two effects have to be taken into
consideration for calcium-free bimetallic
samples: (i) increased dispersion caused by
the addition of a small amount of rhenium
to nickel, and (ii) on rhenium-rich samples
alloy formation between nickel and rhe-
nium. These effects are reflected in the hy-
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drocarbon reactions to different extents. In
cyclohexane dehydrogenation, which is a
structure-insensitive reaction (21), the TOF
values are practically constant in the whole
composition range: this is similar to other
reactions involving cyclohexane such as
isotope exchange on Pt (22), and dehydro-
genation on Ni—Cu catalyst (23). If an-
other effect but dispersion had been operat-
ing here, the constancy of the TOF would
not have been observed. This is not the
case for benzene hydrogenation, as the
sharp increase in the presence of a small
amount of rhenium may indicate that the
intrinsic activity of the hydrogenating site
increases, probably by retarding the deacti-
vation process. In this range the effect of
rhenium suggested by Bertolacini and Pel-
let (24) is likely to be operative, whereas at
higher rhenium content the rhenium gradu-
ally takes over the role of active sites with
low activity due to its surface enrichment.
The maximum found for the hydrogenolysis
of ethane is similar to what has been ob-
served for other bimetallic rhenium-con-
taining catalysts such as for PtRe/Al,Os
(18), i.e., for the sample containing 50 at.%
Re the TOF for butane hydrogenolysis
passes through a maximum.

Although CaQO addition produces en-
hanced dispersion and promotes alloy for-
mation, these effects are completely
masked by the high CaO surface coverage.
On the nickel-rich catalysts the hydrocar-
bon reactions are suppressed to a large ex-
tent. With decreasing amount of calcium
oxide the metal dispersion does not change
appreciably (see Fig. 7) up to 30 at.% Re.
On the other hand, for the Ca-containing
samples the metal surface area is always
smaller than the total surface area, which is
opposite to that observed for calcium-free
catalysts. As it is obvious that calcium ox-
ide covers a part of the metal sites along
with the rhenium enrichment on the sur-
face, these two effects also alter the mor-
phology of the metallic sites, because the
TOF values for the three hydrocarbon reac-
tions are much smaller than those on the
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calcium-free samples. However, the sharp
decrease in the total surface area in the
range between 0 and 30 at.% Re is not ac-
companied by a change in metal surface
area. In this range, however, the TOF val-
ues are growing, which is primarily as-
cribed to the effect of rhenium on nickel.
The increase of the TOF value cannot be
attributed to the rhenium enriched on the
surface, either, because the TOF drasti-
cally drops again on the pure rhenium sam-
ple.

The site blocking effect of calcium is dis-
played when the TOF values of hydrogen-
olysis and dehydrogenation are compared.
The large drop of the TOF of ethane hydro-
genolysis compared to that of cyclohexane
dehydrogenation is due to the large de-
crease in the surface concentration of mul-
tiple sites responsible for hydrogenolysis.

A similar effect was also found by Margit-
falvi et al. (25) if SnO, was present on Pt/
Al,O; catalysts. Credence is lent to this
mechanism by the fact that after high tem-
perature treatment, when the calcium on
the surface is significantly enhanced, the
catalysts become totally inactive in the hy-
drocarbon reactions.

Here we have to emphasize that the de-
hydrogenation of cyclohexane and hydro-
genation of benzene, being indicative of sin-
gle sites (21), possess higher TOF values on
the catalyst of 85 at.% Re composition than
those of calcium-free samples (/7). We may
therefore suggest a similar effect to that
observed by van Broekhoven et al. (26,
27) and Lankhorst (28), i.e., a di-
minished self-poisoning rate is indicative
of small ensembles separated by CaO
on the surface.

In the CO + H, reaction the CaO-con-
taining catalysts behave in a similar manner
as in the ethane hydrogenolysis. On de-
creasing nickel concentration the TOF first
sharply increases. There is a break point at
around 10 at.% Re; then it steadily but less
sharply increases up to 85 at.% Re compo-
sition. On 100 at.% Ni and 100 at.% Re
(both containing CaO) the TOF is low. The
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catalytic activity of nickel displayed in the
CO + H; reaction is stabilized by the addi-
tion of a small amount of rhenium from
which we may conclude that it prevents the
formation of carbonaceous deposits. Since
there is a break point for the TOF at 10 at.%
Re a promoter effect may be suggested at
low rhenium concentration. Namely, in
that range small ensembles are stabilized by
the presence of CaO on the surface and
thus the deactivation is less than in the
range above 10 at.% rhenium concentra-
tion.

The increase of TOF for the CO + H,
reaction may be attributed to two effects.
As has been found for other bimetallic sys-
tems such as FeRu (29), Colr (30), Felr
(31), and PtIr (32), the presence of the sec-
ond metal prevents carbide formation, and
thus deactivation processes on the bimetal-
lic catalysts are slowed down compared to
monometallic catalysts. Here, the preven-
tion of deactivation is the main effect lead-
ing to the increase of methane formation
and the decrease of olefin formation as rhe-
nium content increases.

Second, the similarity between ethane
hydrogenolysis and CO hydrogenation is
not striking because both reactions are
structure sensitive and the number of sites
of proper size increases as CaO on the sur-
face decreases.

In conclusion it is established that the
modification of nickel-rhenium catalyst
with calcium oxide results in a favored al-
loy formation and in an increased disper-
sion. Although at high nickel content there
is a low activity for hydrocarbon reactions
because of the high surface coverage with
CaO, at lower Ni content hydrogenation
and dehydrogenation are slightly promoted.
However, hydrogenolysis is strongly sup-
pressed in this range because CaO is still
sufficient on the surface to separate multi-
ple sites. For the carbon monoxide hydro-
genation the TOF steadily increases, which
is partly due to the reaction being structure
sensitive and partly to the suppression of
the deactivation process.
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