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Carbon monoxide hydrogenation over zirconia supported Ni
and Co—Ni bimetallic catalysts
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Zirconia supported nickel and cobalt—nickel bimetallic catalysts were prepared and characterized for various physico-chemical
properties. The hydrogenation of carbon monoxide was studied over these catalysts in the pressure range of 101.3-1654 kPa,
temperature range of 513-533 K, weight hourly space velocity range of 8-14 h—' and H2/CO mole ratio of 2. Catalysts containing
both Co and Ni were found to give higher Cs; hydrocarbons selectivity compared to that containing only Ni. A maximum Cs
hydrocarbons selectivity of 55 wt% was obtained at 655 kPa pressure, 523 K and 9.6 h~! of WHSV with catalyst containing
4.03 wt% Co and 2.64 wt% Ni. The C, and C; olefin contents of the products decreased with increase in pressure. Improved
deactivation behavior of the catalysts was observed when operated at high pressure.
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1. Introduction

Petroleum is the major source of gasoline and diesel,
the most preferred fuels for the transportation industry.
Gradual depletion of petroleum reserves has created
interest in finding alternative sources of energy. With the
present reserves, natural gas and coal will continue to
play a dominating role in the future energy scenario of
the world [1]. These materials are very useful for the
production of transportation fuels such as gasoline and
diesel by Fischer—Tropsch (FT) synthesis.

The increasing importance of FT synthesis can also
be realized since the legislative pressure on the maxi-
mum level of sulfur and nitrogen emissions from
automotive engines is increasing at a faster rate. The
diesel and gasoline produced through FT synthesis are
of much better quality in terms of sulfur and nitrogen
concentrations to meet the future environmental stan-
dards. Thus, the FT synthesis perhaps could be the most
promising solution for converting non-petroleum based
carbonaceous materials to cleaner transportation fuels.
However, a major drawback of the process is the low
selectivities for gasoline and diesel products. It has been
reported that bimetallic catalysts containing Ni, Fe, Co
and Ru are more active towards CO conversion, and
exhibit markedly improved selectivity for olefins and
heavier hydrocarbons as compared to single metal
catalysts [2-7]. A large number of combinations of
bimetallic catalysts are possible from the above four
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metals by varying the supports such as silica, alumina,
titania, zirconia, zeolites, etc. and preparation
procedure. The present work is concerned with the
hydrogenation of carbon monoxide over Ni/ZrO, and
Co—Ni/ZrO, catalysts.

As mentioned earlier, due to its commercial impor-
tance, lot of research works have been and are being
done on FT synthesis. It has been reported that the
bimetallic catalysts containing Ni, Fe, Co and Ru are
more active towards CO conversion and exhibit mark-
edly improved selectivity for olefins and heavier hydro-
carbons as compared with single metal catalysts [2-7].
Verma et al. [3] studied the performance of MnO
supported Co, Ni and Co—Ni bimetallic catalysts at 525—
575 K and at atmospheric pressure. Addition of Ni to
Co/MnO catalysts produced a stable catalyst with high
CO conversion activity. Duvenhage and Coville [4] have
studied various physico-chemical characteristics of dif-
ferent Fe—Co/TiO, bimetallic catalysts. They have
identified the formation of Fe—Co alloys on TiO, under
mild conditions and have not observed any significant
difference between TiO, supported catalysts and SiO;
and Al,Oj supported catalysts or alloy systems.

Ishihara et al. [8] have investigated the hydrogenation
of CO over pure Fe, Co, Ni and bimetallic Fe-Co, Co-
Ni and Ni—Fe catalysts supported on silica at 523 K and
1.0 MPa. They have reported that, compared to the pure
metal catalyst, all the bimetallic catalysts exhibited
higher activities for CO conversion and showed
enhanced selectivity for heavier hydrocarbons. Amongst
all the catalysts studied, 5 wt% Co—5 wt% Ni/SiO; was
found to be highly active for CO conversion. From
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X-ray diffraction studies, they have concluded that the
bimetallic catalysts formed an alloy. From the temper-
ature programmed desorption (TPD) studies, they
demonstrated that the alloying of Co and Ni modified
the nature of CO and H; adsorption resulting in a
higher CO conversion and a higher yield of heavier
hydrocarbons.

The CO hydrogenation activity of single metal and
bimetallic alloy catalysts, selected from Co, Ni and Fe,
supported on TiO; at a total metal loading of 10 wt%
has been studied by Jothimurugesan and Gangwal [9].
The catalysts were prepared by incipient wetness
impregnation using nitrate precursor. They reported
that alloying of metals resulted in a significant enhance-
ment in CO conversion with low methane selectivity.
They also observed that a 50 : 50 weight ratio Co—Ni
catalyst physically mixed with HZSM-5 (5% Co-5%
Ni/TiO, + HZSM-5) gave the highest CO conversion
(45.2%, compared to 8.95% and 10.5% with Co-only
and Ni-only catalysts, respectively) at the conditions
tested. Mixing the Co—Ni catalyst with HZSM-5
resulted in a significant reduction in methane selectivity
and a significant increase in Cy4 selectivity.

Recently, there has been considerable research inter-
est in the use of Ru either alone or in combination with
other metals [10-18]. For example, Fan et al. [10] have
studied the effect of calcination temperature on the
performance of supported Ru catalysts for FT reaction.
Bruce et al. [16] have performed FT synthesis over
ruthenium promoted cobalt/ceria coprecipitated cata-
lysts, and reported that the activity of the ceria based
cobalt catalyst was enhanced significantly by addition of
as little as 0.3 wt% Ru.

Belambe ef al. [17] have studied the effect of
pretreatment on the activity of a Ru-promoted Co/
Al,Os FT catalyst. They have observed the pro-
nounced effect of calcination temperature on the
overall activity of the catalyst but not on the intrinsic
activity of the catalyst sites. On the other hand, the
reduction temperature had only a negligible effect on
the overall and intrinsic activities. Neither the reduc-
tion nor the calcination temperature had any effect on
chain propagation. Ruthenium produced large amounts
of olefins and heavier hydrocarbons on TiO, support [19],
whereas, Ni on TiO;, support improved the selectivity
towards heavier hydrocarbons [20]. Bruce et al. [21] had
studied the CO hydrogenation over Co-Ni/ZrO, at
atmospheric pressure and found the catalyst to be very
active and selective for Cs, hydrocarbons when compared
with its component metals. The Cs, hydrocarbon selec-
tivity was more than 60% and the product was rich in
1-ene at the C4-C6 levels.

Fujita et al. [22] have reported the use of a series of
Ni, Co, Ru, Rh, Pt on different supports for syngas
conversion for pyridine methylation applications. They
have observed the order of the catalytic acitivity as Ni/
Al,O; >NiZrO, > Ni> Ni/SiO; >Ni/MgO and di-

cussed the relative activities of Ni and Co related to
their methanation and methylation activities.

In the present work, a systematic investigation has
been conducted to study the effect of Co loading on the
physico-chemical characteristics of the Co—Ni/ZrO,
based catalysts and their activity towards CO conver-
sion and selectivity to gasoline range hydrocarbons. The
effect of pressure on CO conversion, product selectivity
and deactivation behavior of the catalysts has also been
studied.

2. Experimental
2.1. Catalyst preparation

Three catalysts having different targeted composi-
tions of Ni and Co were prepared as described below:

(1) 3 wt% Ni on zrO,—catalyst A
(2) 5 wt% Co and 3 wt% Ni on ZrO,—catalyst B
(3) 10 wt% Co and 3 wt% Ni on ZriO,—catalyst C.

Catalyst A was prepared by co-precipitation of the
mixed solutions of zirconyl nitrate and nickel nitrate by
excess alkali solution. 100 g of zirconium dinitrate oxide
(ZrO(NO3),,H,O containing 40.1 wt% ZrO, supplied
by Alpha Products, Danver, USA) and 10 g of
Ni(NOs), - 6H,O (supplied by BDH Chemicals Ltd.,
Poole, UK) were each dissolved in 200 mL of distilled
water. The two solutions were mixed together and the
resulting mixture was added drop by drop with contin-
uous stirring to 400 mL sodium hydroxide (10 wt%)
solution. The precipitated mass was filtered and washed
repeatedly with distilled water till the filtrate was
neutral. After washing with distilled water, the filter
cake was washed twice with acetone and then dried in
oven at 333 K for 24 h. The catalyst thus prepared was
ground sieved to 15-74 um particle size range.

The other two catalysts (B and C) were prepared by
impregnating catalyst A with the required amount of
cobalt nitrate solutions. These catalysts were then dried
at 333 K for 24 h and ground and sieved to 15-74 um
particle size range.

2.2. Catalyst characterization

The prepared catalysts were characterized using
different techniques. The metal contents of the catalysts
were determined by atomic absorption (AA) technique.

All the catalysts were pretreated by first calcining
them at 773 K for 16 h in air to decompose the
impregnated salts. These were then reduced with hydro-
gen at 725 K for 16 h with a WHSV of 3.6 h~/, prior to
the FT synthesis reaction.

Hydrogen and CO chemisorption studies were car-
ried out using a Micromeritics gas absorption appara-
tus (Model No. 2100D, Instrument Corporation, NIJ,
USA). Prior to the chemisorption studies, all the
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Figure 1. Schematic diagram of the experimental set-up for Fischer—Tropsch synthesis.

catalysts were reduced with hydrogen and then trans-
ferred to the adsorption bottle for chemisorption
measurement. The samples were again reduced at
573 K in situ for 1 h. Following the reduction, the
catalysts were degassed for 16 h at 0.2 Pa and 673 K.
The catalysts were then cooled to 296 K for the
chemisorption measurement. The pressure range for
both hydrogen and CO adsorption was 0-33.3 kPa.
For both the gases, the total gas uptakes were
determined by extrapolating the straight portion of
the isotherm to 0.0 Pa pressure.

Temperature programmed reduction (TPR) studies
were carried out following the principles outlined by
Jenkins et al. [23]. The apparatus for the TPR study
consisted of a programmable oven, a flow meter, a
moisture trap, a thermal conductivity detector (TCD)
and a recorder. The feed gas for TPR studies was 3
vol% hydrogen in nitrogen. The catalyst sample was
placed inside a quartz tube in the temperature
programmable oven. Feed gas at a flow rate of
30 mL/min was passed through one limb of the TCD
and entered the quartz tube where it came in contact
with the catalyst. Then the feed was vented to the
atmosphere through the other limb of the TCD. On
the vent line, a bubble flow meter was provided to
measure the gas flow rate. In order to remove the
moisture formed during reduction, a 5x molecular
sieve trap was provided on the gas line. As the
catalyst sample placed in the quartz tube was heated
at a linear programmed rate the hydrogen consump-
tion due to the reduction of the catalyst was moni-
tored by the TCD and displayed on the recorder. The
hydrogen consumption was quantified by means of a
calibration with pure CuO, which is known to be
reduced completely to Cu. The percentage reduction

was calculated from the amount of hydrogen con-
sumed and the amount of total metal oxides present
in the catalysts.

X-ray diffraction (XRD) measurements were carried
out with a Philips diffractometer (Model no. PW 1310)
using CuK* radiation with a glancing angle in the range
of 5-85 ° and a scanning speed of 2 °/min.

Scanning electron microscopic (SEM) studies were
conducted using a Philips scanning electron microscope
operated at 30 kV/SE and 50 ° inclination.

2.3. Experimental set-up

The schematic of the experimental set-up for Fisher—
Tropsch synthesis is shown in figure 1. The reactor was a
glass-lined stainless steel tube (3 mm I.D.) surrounded
by an aluminum block. The whole reactor assembly was
kept in an electrical furnace. The temperature of the
reactor was controlled to within +1,°C by means of a
temperature controller (TC1). The reactor set-up was
also equipped with a multi-point temperature indicator
(TT) to measure temperature at various locations.

The product hydrocarbons were analyzed by on-line
gas chromatography (Model 5880, Hewlett Packard)
through an automatic sampling system. C;—Cg hydro-
carbons were separated by a Chromosorb 102 column
and detected by an FID, whereas the higher hydrocar-
bons (up to Cj¢) were separated by a SP 2100 column
and detected by an FID. The CO and CO; contents of
the product gas were analyzed by another gas chro-
matograph (Model 5890, Hewlett Packard) using a
Carbosieve SII column and a TCD. The line between
GC and FT reactor was maintained at 493 K through-
out the experiment to prevent condensation of hydro-
carbons present in the product stream.
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Table 1
Metal analysis, H, and CO chemisorption uptake values for different catalysts

Catalyst Nickel Cobalt BET surface H, chemisorption CO CO/H Percent
(Wt%) (Wt%) area (m?/g) (umol/geat.) chemisorption ratio reduction
(umol/gcat.)
Ni/ZrO, (A) 2.83 0.0 88.7 13.0 49.0 1.88 65
CO-Ni/ZrO; (B) 2.64 4.03 98.8 15.0 31.0 1.03 70
Co-Ni/ZrO, (C) 2.61 8.06 95.0 28.0 46.0 0.92 77

3. Results and discussion

The metal contents of all the prepared catalysts A—C
as determined by AA technique are presented in table 1.
The catalysts were also characterized with respect to
their physico-chemical properties as well as their activity
for CO hydrogenation under various operating condi-
tions. The results obtained from these studies are
presented and discussed below.

3.1. Temperature programmed reduction studies

The reduction profiles for all the catalysts are shown in
figure 2. It is seen from this figure that the catalyst A shows
a maximum reduction temperature of 725 K whereas
catalysts B and C show two reduction maxima (640 and
823 K for catalyst B and 640 and 783 K for catalyst C).
However, the literature [24] shows that the pure nickel and
cobalt oxides under similar operating conditions reduce
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Figure 2. TPR Profiles of Co—Ni bimetallic catalysts a: Ni/ZrO; (A); b:
Co-Ni/ZrO, (B); c: Co—Ni/ZrO, (C).

with a peak maximum of 590 and 640 K, respectively. This
indicates that the nickel and cobalt oxides present in
catalysts A, B and C reduce at higher temperatures
compared to pure nickel and cobalt oxides. This is
probably due to the presence of support, which increases
the reduction temperatures of nickel and cobalt oxides.
Similar observations have been made for other supported
catalysts by previous workers [21,25]. It is also observed
from the TPR profiles of catalysts B and C that the
maximum reduction temperature decreases with increase
in cobalt loading. Probably, the increased metal loading
reduces the metal-support interaction and the metal oxide
reduces with less interference from the support.

3.2. X-ray Diffraction (XRD) studies

The X-ray diffraction patterns of catalysts A and B
are shown in figure 3. It is seen from this figure that the
peaks for nickel, cobalt and nickel-cobalt alloy are
absent, although the peaks for zirconia are observed for
both the catalysts. The absence of metal peaks in the
XRD spectra indicates that the metal crystallites present
in the catalysts are very small in size (<3 nm) and, thus,
highly dispersed. In case of catalyst A, high dispersion
of metal is also supported by hydrogen and CO
chemisorption studies.

Zirconia
1: Ni/ZrO; (A)
2: Co-Ni/Z1O, (B

Zirconia Zirconia

Zirconia

Intensity (a.u.)

Il 1 2 " P 1 L — 1 1 L 1 1 | 2
70 60 50 40 30
20 (Degree)

Figure 3. X-ray diffraction patterns of catalysts Ni/ZrO, (A) and
Co-Ni/ZrO; (B).
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3.3. Chemisorption studies

The metal contents, percent reduction, and hydrogen
and carbon monoxide chemisorption uptake values for
all the catalysts A— C are presented in table 1. The
catalysts possess moderate surface areas ranging from
88 to 99 m?/g. From the percent reduction values, it is
observed that catalyst A has the lowest percent
reduction, and the reducibility of the catalysts increases
with increase in metal loading. This behavior could be
explained on the basis of distribution of metal compo-
nent in the support matrix. With low metal loading,
the metal components are usually highly dispersed
throughout the support matrix and are in intimate
contact with the support. This increases the extent of
support-metal interaction. As a result, some of the
oxides could not be reduced. However, with the
increase in metal loading, both the dispersion of metal
components and the extent of interaction between
support and metal decreases.

It is also evident from table 1 that the hydrogen
uptake for the catalysts increases with metal loading. As
observed from percentage reduction results, the reduc-
ibility of the catalysts increases with increase in metal
loading. Due to the increase in the extent of reduction
with metal loading, more active sites are available for
hydrogen chemisorption thus resulting in higher hydro-
gen uptake values. As can be seen from table 1, the CO
uptake values for the catalysts do not follow any regular
pattern, which could be due to the complex nature of
CO chemisorption.

It is also seen from table 1 that the CO/H absorption
ratio for catalyst A is 1.88, whereas for catalysts B and
C, this ratio is close to unity. As reported in the
literature, in case of supported catalysts, the CO/H ratio
indicates the extent of metal dispersion [26]. It is well
accepted that the hydrogen is chemisorbed dissociatively
such that one atom of hydrogen is absorbed per atom of
the active site [26]. Also, the nature of hydrogen
chemisorption is independent of metal dispersion. On
the other hand, the nature of CO adsorption is markedly
affected by the metal dispersion. CO is reported to
approach an active site from all directions for a highly
dispersed metal situation and 2—3 molecules of CO may
be chemisorbed on an active site (carbonyl formation)
[26]. Therefore, in the case of highly dispersed metal, the
CO/H absorption ratio ranges between 2 and 3. On the
other hand, for poorly dispersed metal crystallites, two
active sites are shared by one CO molecule (bridge
formation) resulting in a CO/H uptake ratio of less than
one. However, for moderately dispersed metal crystal-
lites, the ratio is approximately one. It appears, there-
fore, that the catalyst A, for which the CO/H absorption
ratio is 1.88, metal crystallites are present in a highly
dispersed form, whereas in catalysts B and C having,
CO/H ratios 1.03 and 0.92, respectively, the metal
crystallites are present in a moderately dispersed phase.

3.4. Carbon monoxide hydrogenation activity studies

The hydrogenation of carbon monoxide over the
series of Co—Ni/ZrO, catalysts was carried out in the
temperature range of 523-633K, WHSV range of 5.6—
24.5 h~! and pressure range of 101.3-1654 kPa. The H,/
CO ratio was kept constant at 2 : 1 for all the
experiments. The conversions of CO in all experiments
were kept at a lower level (<10%) so that the reactor
could be considered as a differential one.

3.4.1. Effect of cobalt loading

The effects of Co loading in Co—Ni/ZrO, catalysts on
the conversion of CO and selectivities of different
hydrocarbons at a reaction temperature of 533 K,
pressure of 101.3 kPa and a WHSV of 12.3 h™/ are
shown in table 2. It can be seen from this table that the
cobalt loading has no effect on the activity of the
catalyst for CO hydrogenation as there is almost no
change in CO conversion with increase in Cobalt
loading. The cobalt loading has, however, strong effect
on the selectivity of Cs,. hydrocarbons as there is a
change in Cs, selectivity from 21.3 wt% to 39.6 wt%
with loading of 4.03 wt% Co to 2.64 wt%Ni/ZrO;
catalyst (table 2). The Cs, hydrocarbon selectivity
further improved with increase in Co loading to
8.06 wt%. Table 2 also shows that the C; olefin
selectivity increased by 16% upon incorporating
4.03 wt% Co to 2.64 wt% Ni/ZrO; catalyst, whereas a
nominal change of 3% in C3 olefin selectivity was
observed with the addition of Co to the Ni/ZrO,
catalyst. The increased Cs, selectivity could be due to
suppression of well-known methanation activity of Ni
upon addition of Co to it. As Co—Ni/ZrO, catalysts
gave higher Cs. selectivity compared to Ni/ZrO,
catalysts, further experiments were mostly concentrated
on bimetallic catalysts.

3.4.2. Deactivation behavior of Co—Ni/ZrO; catalyst

Figure 4 shows the time-on-stream behavior of
catalyst B for CO conversion. Figure 5 shows the
variation of Cs; hydrocarbon selectivity with time-on
stream. It can be seen from these figures that the catalyst
is quite stable towards CO conversion activity as well as
Cs. hydrocarbon selectivity at high pressure (655 kPa).
On the other hand, the CO hydrogenation activity and
hydrocarbon selectivity steadily fell with time-on-
stream. A similar observation was also made for catalyst
C. The reason for the improved deactivation behavior of
Co—Ni bimetallic catalysts during operation at high
pressure could be attributed to the higher hydrogenation
activity of these catalysts.

The catalyst deactivation was also observed to be
associated with high C5 and le bord olefins selectivity.
For example, in the case of operation at atmospheric
pressure, there was high selectivity towards C5 and C5
olefins with faster deactivation of catalysts. On the other
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Table 2
Comparison of activities of various catalysts

Catalyst CO conversion Selectivity (wt%) of cs/ G/
(%) >C >Cs
G G C; Cy Csy

Ni/ZrO, (A) 42 25.1 16.8 22.5 14.3 21.3 0.40 0.86
Co-Ni/ZrO2 (B) 4.6 26.8 7.6 14.6 11.4 39.6 0.56 0.89
Co-Ni/ZrO2 (C) 4.0 229 7.7 13.3 10.7 45.4 0.62 0.90
Conditions: temparature, 533 K; pressure, 101.3 kPa; WHSV, 12.3 h~!; H,/CO ratio, 2.
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3.4.3. Effect of pressure

The effect of pressure on conversion of CO was 20 —
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studied by varying the pressure from atmospheric to
1654 kPa. As shown in figure 6, pressure had very little
effect on CO conversion over catalyst A, whereas it had
strong effect on CO conversion activities of catalysts B
and C upto a pressure of 655 kPa and then leveled off.
The increase in CO conversion with increase in pressure
is due to improved activity of the catalysts at higher
pressures.
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Figure 4. Time-on-stream behavior of Co-Ni/ZrO2 (B) for CO
conversion Conditions: temperature, 533 K; WHSY, 12.3 h~!.
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Figure 5. Variation of Cs, hydrocarbons selectivity with time-on-
stream Conditions:temperature, 533 K; WHSY, 12.3 h~!; catalyst,
Co-Ni/ZrO; (B).
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It is widely accepted that the surface CH, (x =1 — 3)
produced over metal catalysts are primary intermediates
for the Fischer-Tropsch reactions. These species are
formed via 15 hydrogenation of surface carbon species,
which are produced by dissociation of the adsorbed CO
or CO; [22]. With increase in pressure, the diffusion of
hydrogen molecule from bulk to the surface becomes
faster and the conversion of CO increases. After certain
pressure (655 kPa), the hydrogenation process becomes
surface reaction controlling with no effect of pressure on
CO conversion.

With catalyst A, it was observed that the C; and C,
hydrocarbon selectivities increased with increase in
pressure, whereas the selectivities for C;, C4 and Cs,
hydrocarbons decrease steadily with increase in pres-
sure. It is well known that in FT synthesis two opposing
phenomena, chain propagation and chain termination,
control the product distribution. When the chain prop-
agation rate is high, the formation of heavier hydrocar-
bons is increased. On the other hand, when the chain
termination rate predominates, the production of lighter
hydrocarbons increases. At high pressure, the hydroge-
nating property of Ni probably increases further due to
higher hydrogen pressure. On account of this, the chain
termination rate which is favored at high hydrogen
pressure increases thereby lowering the selectivity of Cs.,
hydrocarbons.

Figure 7 shows the effect of pressure on product
distribution for catalyst B. As can be seen from this
figure, the Cs; hydrocarbons selectivity increases with
increase in pressure from 101.3 to 655 kPa and then
decreases gradually with pressure. The reason for
improved Cs, hydrocarbons selectivity while operating
at high pressure is same as that accounted for improved
CO conversion activity at higher pressures. However,
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Figure 7. Effect of pressure on product distribution Conditions:
temperature, 523 K; WHSY, 9.6 h™!; catalyst, Co-Ni/ZrO, (B).
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Figure 8. Effect of pressure on olefin selectivity Conditions: temper-
ature, 523 K; WHSY, 9.6 h~!; catalyst, Co-Ni/ZrO, (B).

the lowering of heavy hydrocarbon selectivity at pres-
sures greater than 655 kPa may be due to carbonyl
formation or wax deposition [27].

The selectivities of C5 and C5 olefins decrease with
increase in pressure up to 655 kPa and then level off as
shown in figure 8. As the catalyst becomes more and
more hydrogenating in nature at higher pressures, the
C7 and C5 olefins are hydrogenated at higher pressures
to corresponding paraffins thereby decreasing their
selectivities.

The decrease in selectivities of C; and C5 olefins at
higher pressures may be explained in another way. At
higher pressures, products take longer time to diffuse

Ln(W+/N)

Carbon number (N)

Figure 9. Plot of Anderson—Schultz—Flory polymerization kinetics for
Co-Ni/ZrO, (B) Conditions:temperature, 533 K; pressure, 655 kPa;
WHSY, 12.3 h~!.
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Table 3
Comparison of o values of catalysts A, B and C at different pressures

Catalyst Temperature (K) Pressure (Kpa)

101.3 655 1206 1654
Ni/ZrO2 (A) 523 0.58 0.51 0.43 -
Co-Ni/ZrO2 (B) 533 0.69 0.73 0.73  0.73
Co-Ni/ZrO2 (C) 543 0.70 0.76 0.76  0.76

out of the catalyst pores resulting in more secondary
reactions. This results in more hydrogenation of the
olefin products resulting in a lower selectivity for olefins.

3.5. Anderson—Schultz—Flory (ASF) polymerization
kinetics

Products from all the three catalysts were found to
obey Anderson—Schultz—Flory (ASF) type polymeriza-
tion kinetics. A typical ASF plot (In(#,/N) versus N,
where N is the carbon number and W, is the weight
fraction of the hydrocarbon with nth carbon number) is
shown in figure 9. The o values were calculated from the
slope of the straight line. The « values for different
catalysts at various pressures are shown in Table 3. It is
observed from this table that the value of o for catalyst
A decreases with pressure, whereas for catalysts B and
C, it increases with increase in pressure from 101.3 to
655 kPa and then levels off at higher pressures. It is
interesting to note that the variation of o values is
similar to the variation in Cs, hydrocarbons selectivity
with pressure.

4. Conclusions

The hydrogenation of carbon monoxide was studied
over Ni/ZrO; and Co-Ni/ZrO, catalysts. Co—Ni bime-
tallic catalysts were found to have improved deactiva-
tion behavior compared to catalyst containing only Ni.
The deactivation behavior of the bimetallic catalyst
further improved when operated at higher pressures. A
maximum Cs; hydrocarbons selectivity of 55 wt% was
obtained at 655 kPa pressure, 523 K and 9.6 h™/ of
WHSV with catalyst containing 4.03 wt% Co and
2.64 wt% Ni. The C, and C; olefin contents of the

products decreased with increase in pressure. Temper-
ature programmed reduction studies of the prepared
catalysts showed the presence of metal-support interac-
tion, whereas X-ray diffraction and chemisorption
studies with the catalysts indicated highly dispersed
nature of the metals within the support matrix.
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