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Effects of preparation conditions on chemical composition and reducibility of precipitated pre- 
cursors of Ni-SiOz catalysts were studied using thermal gravimetric analysis. The proportion of 
NiCOs in the precursor decreased as the preparation conditions became severe and the reducibility 
of the precursor decreased with a decrease in the NiC03 content, suggesting stronger metal- 
support interaction of SiOZ with Ni(OH)2 than with NiCO+ The X-ray diffraction measurements 
showed that the mean crystallite size of nickel in HZ-reduced catalysts increased with increasing 
NiCOs content in the precursor. The activity and selectivity of the modified catalysts in enantiose- 
lective hydrogenation of methyl acetoacetate depended on the proportion of NiC03 in the precur- 
sor and were explained in terms of crystallite size distribution of nickel in the catalysts. o 1985 
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INTRODUCTION 

Preparation methods and conditions of 
supported nickel catalysts and their effects 
on the catalytic properties have been stud- 
ied by so many groups for more than 25 
years because of their important role in hy- 
drogenation and hydrogenolysis reactions 
(2-23). Impregnation, coprecipitation, ion- 
exchange, and homogeneous precipitation 
methods have been most widely used, 
while simple precipitation method seems to 
have received less attention so far. 

Precipitation of metal salts with sodium 
carbonate in the presence of suspended 
supports is one of the typical and conve- 
nient methods for the preparation of sup- 
ported metal catalysts. Activity and selec- 
tivity of these precipitated catalysts are 
known to vary considerably by changes in 
the preparation conditions, probably be- 
cause of the change in composition of the 
precipitate (basic metal carbonate) (14). 
However, the relation between the compo- 
sition of these catalyst precursors and prep- 
aration conditions have not been evaluated 
quantitatively, and the effects of the com- 

position of precursors on the activity and 
selectivity of the Hz-reduced catalysts have 
not been discussed in detail. 

In the enantioselective hydrogenation of 
methyl acetoacetate (MAA) to methyl 3-hy- 
droxybutyrate (MHB) on tartaric acid-mod- 
ified nickel catalysts, we reported that the 
enantioselectivity of the catalysts increases 
with an increase in the mean crystallite size 
of nickel (15). With supported nickel cata- 
lysts, we showed that almost all prepara- 
tion variables such as precipitation temper- 
ature affect the selectivity of the modified 
catalysts, and suggested a change in the 
crystallite size distribution (CSD) of nickel 
with a change in preparation conditions 
(16, 17). Therefore, the effects of prepara- 
tion variables on the composition of cata- 
lyst precursors and also the dependence of 
the CSD of nickel on the composition of 
precursors should be clarified next. 

In the present study, we examined the 
effects of preparation variables on the 
chemical composition and on the reducibil- 
ity of the catalyst precursors by means of 
thermal gravimetric analysis (TGA). The X- 
ray diffraction (XRD) patterns of hydrogen- 
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reduced or calcined catalysts were mea- 
sured in order to reveal the influence of the 
composition of catalyst precursors on the 
morphology of the resulting catalysts. The 
enantioselectivity as well as the activity of 
the modified Ni-SiOz catalyst was found to 
depend on the proportion of NiC03 in the 
catalyst precursor and was explained in 
terms of the CSD of nickel in the catalyst 
(10 

EXPERIMENTAL 

Catalyst Preparation 

Most catalyst precursors were prepared 
by a precipitation method with Na2COJ 
from aqueous Ni(NO& solution suspended 
by silica gel (Nakarai Chemicals, No. 1,60- 
200 mesh, 600 m*/g). The molar ratio of 
Na2C03 to nickel salt, the precipitation 
temperature, aging time, drying tempera- 
ture, and drying time were changed to pre- 
pare precursors with different composi- 
tions. The nickel weight loading (usually 
50%) was sometimes changed by varying 
the concentration of the Ni(NO& solution. 
Sodium hydroxide was used as a precipi- 
tant to prepare a precursor free from car- 
bonate for comparison. In preparing a stan- 
dard sample precipitation was carried out at 
75°C by use of equimolar alkali with nickel 
salt, followed by aging for 15 min, washing 
three times with warm distilled water, and 
drying in air at 110°C for 20-24 h. Other 
details for the preparation of precursors 
were described elsewhere (26). Two grams 
of a Ni-SiOz (1: 1) precursor (containing 
ca. 0.7 g of Ni) was reduced in a HZ stream 
of 8 liters/h at 400°C for 3 h unless other- 
wise stated. After cooling to ambient tem- 
perature with the H2 gas still flowing, the 
catalyst was modified with aqueous tartaric 
acid solution according to the method de- 
scribed previously (26, 29) and was rinsed 
with distilled water and methanol before 
use in hydrogenation reactions. 

Analysis 

The TG measurements of catalyst pre- 
cursors were carried out using a Shimadzu 

DT-30 thermal analyzer. Freshly prepared 
samples (40 mg each) were heated either in 
Nz or Hz flow to 600°C at a temperature 
ramp of K/mitt. Measurements in H2 flow 
were also performed up to 400°C at a tem- 
perature ramp of lO”C/min followed by 
keeping this temperature for 3 h, in order to 
get information on the percentage reduc- 
tions of the catalysts used in hydrogena- 
tion reactions. In TGA experiments, both 
weight loss (TG) and the first derivative of 
weight loss (DTG) were monitored. The 
XRD patterns of the catalysts were mea- 
sured with a Shimadzu VD-1 diffractometer 
after separation from the reaction mixture. 
The mean crystallite size (&) of nickel was 
calculated from the half-width of the peak 
on (111) plane of nickel metal. The XRD 
patterns were also measured for the precur- 
sors calcined in Nz at 400°C for 2 h . The 
CSDs of nickel in the catalysts were com- 
puted by the numerical analysis method de- 
scribed by Moraweck et al. (20) for X-ray 
line profile analysis, setting the number of 
polynomial coefficients to 5 and tentatively 
neglecting the lattice strain contribution to 
the broadening of the X-ray line. The BET 
surface areas and metal surface areas of 
some catalysts were measured by N2 ad- 
sorption at - 196°C and by HZ adsorption at 
20°C) respectively. 

Hydrogenation 

Ten milliliters of MAA in 10 ml of ethyl 
acetate was hydrogenated with the modi- 
fied catalyst at 60°C under a starting HZ 
pressure of 10 kg/cm2 by using a glass auto- 
clave (TEM-U-50, Taiatsu Glass Industry 
Co.) equipped with a magnetic stirring sys- 
tem. The Hr pressure decreased to about 3 
kg/cm2 at 100% conversion. The hydroge- 
nation activity of the catalyst was deter- 
mined from the pressure decrease during 
the initial 15 min of the reaction. The opti- 
cal yield (OY) of MHB determined from the 
optical rotation of distilled product was em- 
ployed as a measure of the selectivity of the 
catalyst. 
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FIG. 1. Thermal decomposition of the standard pre- 
cursor of Ni-SiOz (1: 1) catalyst in N2 flow. TG, 
weight loss in thermal gravimetric measurements; 
DTG, first derivative of the weight loss; DTA, differ- 
ential thermal analysis. 

RESULTS AND DISCUSSION 

Thermogravimetric Analysis of Catalyst 
Precursors 

Figure 1 shows a typical TGA profile of 
the standard precursor measured in N2 
flow. The differential thermal gravimetric 
(DTG) curve, i.e., first derivative of the 
weight loss (TG) curve, has peaks exactly 
corresponding to the endothermic changes 
in differential thermal analysis (DTA). 
Therefore, we confine our attention to the 
DTG profiles hereafter. The peak around 
70-100°C corresponds to the weight loss 
due to the desorption of water adsorbed 
mainly on silica gel. The small peak around 
150°C is attributable to the water of crystal- 
lization of nickel carbonate. The decompo- 
sition of basic nickel carbonate to nickel ox- 
ide is indicated by the peak around 270°C. 
The decarboxylation of unsupported basic 

nickel carbonate to nickel oxide occurs at a 
higher temperature than the dehydration of 
unsupported nickel hydroxide as shown in 
Fig. 2. The percentage weight loss for the 
decarboxylation of NiC03 is larger than 
that for the dehydration of Ni(OH)2, Ac- 
cordingly, from the location of the DTG 
peaks shown in Fig. 2 and the extent of the 
weight loss corresponding to the decompo- 
sition of basic nickel carbonate to nickel ox- 
ide, we can conclude that the proportion of 
NiC03 in the precursors decreases with an 
increase in drying temperature. This is 
probably because the following reaction is 
accelerated by a rise in temperature, espe- 
cially in the presence of silica gel. 

aNi(OH)z * bNiC03 . aq 
+ xH20 + (a + x)Ni(OH), 

. (b - x)NiCOx . aq + xCOz 

Similarly, increases in the amount of added 
alkali (i.e., pH of the solution), precipita- 
tion temperature, aging time, and drying 
time were found to decrease the proportion 
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FIG. 2. DTG-in-N2 profiles of the catalyst precursors 
dried at (a) 5O”C, (b) 7O”C, (c) WC, (d) lOO”C, (e) 
llO”C, and (f) 120°C. 
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TABLE 1 

Effect of Preparation Conditions on the Composition of Catalyst Precursors 

Run No. 

4st. 
temp. (“C) 

Preparation conditions 

Ni4 Aging Drying 
Alkali time (min) temp. (“C) 

Drying 
time (h) 

NiCOs contentb 
in precursor 

cm 

1 75 1.0 15 IO 20 49 
2 75 1.0 15 90 20 45 
3 15 1.0 15 100 20 41 
4c 15 1.0 15 110 20 37 
5 75 1.0 15 120 20 34 
6 0 1.0 15 110 24 38 
I 85 1.0 15 110 24 21 
8 15 1.2 15 110 24 41 
9 75 0.8 15 110 24 32 

10 75 1.0 0 110 24 37 
11 75 1.0 60 110 24 30 
12 0 1.2 0 20,’ 12 78 
13 0 1.2 0 50 20 61 
14 85 0.8 30 110 45 18 
15 90 0.8 60 120 48 7 

0 Molar ratio of nickel nitrate to sodium carbonate. 
b Molar percentage of NiCOs in aNi( . bNiCOs. 
c Standard conditions except drying time. 
d Evacuated for 3 h and dried on CaCl,. 

of NiCOj in the precursors. The molar per- 
centages of NiCOs in the basic nickel car- 
bonates were quantitatively estimated from 
the weight losses in the range of 200 to 
500°C which correspond to the following re- 
actions (21): NiC03 + NiOr.2 and Ni(OH)z 
+ NiOr.2. The results are listed in Table 1. 
The NiC03 percentage in a precursor pre- 
pared under the standard conditions was 
around 35%. The milder preparation condi- 
tions resulted in the higher proportion of 
NiC03 in the precursor. Now the selection 
of preparation conditions made it possible 
to prepare precursors with desired NiC03 
percentage in the range from ca. 5-80% as 
illustrated in Table 1 (Runs 12-15). 

Interaction between Nickel Salt and ,502 

Figure 3 shows the DTG profiles of the 
precursors with different nickel loadings 
prepared under the standard conditions. It 
is apparent that the proportion of NiC03 in 
the precursor increases with increasing 

nickel loading. Wendt et al. showed that 
DTA peaks of nickel hydroxide on SiOz are 
shifted to higher temperature with increas- 
ing SiOz content probably by incorporation 
of nickel layer silicate (22). Therefore, it is 
supposed that the interaction of the support 
with nickel precipitate accelerates the 
change of NiC03 to Ni(OH)z in the initial 
stage of precipitation, whereas additional 
precipitate, having no interaction with sup- 
port, remains as NiCO3. As for the precur- 
sors with a constant nickel loading (i.e., 
SO%), the decomposition temperature of 
the nickel precipitate became higher with 
increasing proportion of Ni(OH)z, espe- 
cially beyond ca. 65%, as shown in Fig. 4. 
This means that the interaction between 
Ni(OH)2 and SiOz becomes stronger with 
increasing proportion of Ni(OH)x as the 
preparation conditions become severe. In 
the case of unsupported basic nickel car- 
bonate, the NiCO3 content did not vary so 
much with a change in preparation condi- 
tions. Moreover, the decomposition of 
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FIG. 3. DTG-in-N2 profiles of the catalyst precursors 
with various nickel loadings: (a) 17%, (b) 23%, (c) 
33%, (d) 43%, (e) 50%, (f) 67%, and (g) 80%. 

SiOz-supported Ni(OHh prepared by using 
NaOH as a precipitant took place slowly at 
a higher temperature than that of unsup- 
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FIG. 4. DTG-in-N2 profiles of the various precursors 
with different NiCO, contents: (a) 78%, (b) 56%, (c) 
45%, (d) 35%, (e) 18%, and (f) 7%. 

ported Ni(OH)2. These findings also sup- 
port the presence of strong interaction be- 
tween SiOz and Ni(OH)2 in the precursor. 
Many groups have shown that the method 
of preparation affects the physical and 
chemical characteristics of the resulting 
catalysts including the degree of precursor- 
support interaction. Our work indicates 
that not only preparation methods but also 
preparation conditions such as precipita- 
tion and drying temperatures can affect the 
properties of the resulting catalysts. Her- 
mans and Geus (8) also reported that the 
difference in the precipitation temperature 
of homogeneous precipitation method leads 
to the different nickel species on SiOz sup- 
port. 

Reducibility of the Precursors 

The DTG profiles measured under Hz 
flow are shown in Fig. 5 for various precur- 

r 
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FIG. 5. DTG-in-H, profiles of the various precursors 
with different NiCO, contents: (a) 78%, (b) 45%, (c) 
18%, (d) 7%, (e) 0% (precipitated by NaOH under 
mild conditions), and (f) 0% (precipitated by NaOH 
under severe conditions). 
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sors with different NiCOs contents, to- 
gether with the profiles of commercial 
nickel hydroxide and basic nickel carbon- 
ate. The peak around lOO-200°C corre- 
sponds to the weight loss due to the desorp- 
tion of adsorbed and crystallization waters, 
as in the profiles measured under N2 flow. 
The reduction of nickel carbonate in the 
precursor starts at around 200°C and 
reaches a maximum at 230°C when the 
NiC03 content is high, which resembles 
closely the reduction of unsupported basic 
nickel carbonate. The smaller peaks around 
245 and 265°C may be attributed to the re- 
duction of Ni(OHh and NiC03 having weak 
support interactions as suggested previ- 
ously (8), although it is difficult for us to 
assign them exactly. When the heating rate 
was increased from 5 to lOC/min, the re- 
duction of nickel carbonate started at a ca. 
40°C higher temperature and the two 
smaller peaks were superposed on the main 
peak. With decreasing percentage of NiC03 
in the precursor, the reduction peak is 
shifted to a higher temperature and be- 
comes smaller and broader, indicating that 
the reduction of nickel precursor to nickel 
metal becomes difticult with decreasing 
NiC03 (i.e., increasing Ni(OH)z) content in 
the precursor. The reduction of unsup- 
ported nickel hydroxide starts at a lower 
temperature than basic nickel carbonate 
(23) and supported nickel hydroxide as 
shown in Fig. 5. Moreover, supported 
nickel hydroxide prepared under mild con- 
ditions exhibited two reduction peaks in 
DTG profile (curve e), one for Ni(OH);! hav- 
ing weak interaction with support and an- 
other for that having strong interaction, 
whereas the one prepared under severe 
conditions has only one broad peak for 
Ni(OH)* having strong support interaction 
(curve f). Accordingly, it is clear that the 
strong interaction between Ni(OH)z and 
SiOZ in a precursor prepared under severe 
conditions, discussed above, retards the re- 
duction of the precursor probably due to 
the formation of nickel hydrosilicate. 
Blackmond and Ko (23) suggested that the 

Ni-SiOz catalysts prepared by homoge- 
neous deposition-precipitation at 90°C ex- 
hibit layered silicate structures which make 
it more difficult to reduce the metal precur- 
sor species. XPS investigations reported by 
Lorenz ef al. (24) also showed the forma- 
tion of nickel layer-silicates in the process 
of precipitation with dilute ammonia solu- 
tion. Montes et al. (22, 25) reported the 
presence of a strong interaction between 
metal and support in the case of Ni-SiOz 
precursors prepared by homogeneous pre- 
cipitation, which gave rise to a nickel hy- 
drosilicate of turbostratic texture. Hermans 
and Geus (8) also reported that nickel hy- 
drosilicate is formed abruptly in the precur- 
sors prepared by homogeneous precipita- 
tion at 90°C whereas the precipitation at 
25°C results in the growth of nickel hydrox- 
ide that contains an amount of silicate. 

The degree of reduction of a catalyst was 
evaluated from the weight loss in the range 
from 200°C to a certain temperature based 
on the theoretical weight loss for 100% re- 
duction of the precursor examined. The 
results for the catalysts reduced at a tem- 

"0 50 

Proportion of NiC03 /% 

FIG. 6. Dependence of the degrees of reduction on 
the composition of catalyst precursors. Samples were 
heated in a H2 stream of 8 liters/h at a temperature 
ramp of lO”C/min to (a) 300°C (b) 4OOT, and (c) 400°C 
and kept there for 3 h. 



PREPARATION CHEMISTRY OF Ni-SiOz 435 

perature ramp of lO”C/min are shown in 
Fig. 6 as a function of the NiC03 percent- 
age in the precursors. The reduction degree 
of a catalyst heated to 300°C (curve a) in- 
creased nearly in proportion to the NiC03 
content in the precursor. This again indi- 
cates that NiC03 in the precursor is free 
from interaction with support and reduced 
readily. In the case of a precursor with 
large NiCOj content, i.e., prepared under 
mild conditions, some part of Ni(OH)z also 
reduced below 300°C indicating the pres- 
ence of Ni(OH)2 which has only weak inter- 
action with support. The proportion of 
Ni(OH)* having strong support interaction 
seems to increase with increasing Ni(OH)z 
content in the precursor as the preparation 
conditions become severe. The reducibility 
of a precursor with a large Ni(OH)l content 
was considerably low when the reduction 
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FIG. 7. XRD patterns for Hz-reduced catalysts ob- 
tained from various precursors with different NiCOl 
contents: (a) 61%, (b) 37%, (c) 18%, and (d) 0% (pre- 
cipitated by NaOH under standard conditions). 
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45 40 35 

BB/degree 

FIG. 8. XRD patterns for the calcined catalysts ob- 
tained from (a) NiCOl 61% and (b) NiCOx 18% precur- 
sors . 

temperature was below 4OO”C, although the 
reduction degrees of the catalysts used in 
the hydrogenation reactions (i.e., the cata- 
lysts reduced at 400°C for 3 h) were all 
larger than 80%. 

Crystallinity of the Reduced Catalysts 

The XRD patterns of the Hz-reduced cat- 
alysts obtained from various precursors 
with different NiCOj contents were exam- 
ined to make clear the influence of the com- 
position of precursors on the crystallinity of 
nickel metal in the catalysts. As shown in 
Fig. 7, the crystallinity of a Hz-reduced cat- 
alyst becomes lower with decreasing pro- 
portion of NiCOJ in the precursor. This 
finding is consistent with the low reducibil- 
ity of the precursor with a low NiC03 con- 
tent as discussed above. The XRD patterns 
of nickel oxide in two calcined precursors 
which originally have different proportions 
of NiC03, i.e., (a) 61% and (b) IS%, are 
shown in Fig. 8 for comparison. The crys- 
tallinity of the nickel oxide also depended 
on the composition of precursors; precur- 
sor (a) produced nickel oxide with rela- 
tively large D, (6 nm) and precursor (b) led 
to almost amorphous nickel oxide. Subse- 
quent reduction of these calcined precur- 
sors resulted in the Ni-Si02 catalysts 
which have quite similar XRD patterns 
to those of the directly reduced catalysts. 
Richardson and Dubus (5) also reported 
that calcination of homogeneously precipi- 
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FIG. 9. Dependence of the mean crystallite sizes of 
nickel (0, A) and the metal surface areas (0) on the 
composition of catalyst precursors. (0,O) Reduced at 
400°C for 3 h; (A) reduced at 300°C for 1 h. 

tated Ni-SiO;! precursors has no effect on 
the resulting CSDs of Ni. Therefore, the 
difference in the crystallinity of nickel 
among the catalysts obtained from different 
precursors seems to be due to the differ- 
ence in the crystallinity of nickel oxide 
which may be present as an intermediate 
species in the course of the reduction pro- 
cess. The interaction between Ni(OH)z and 
SiO2 may cause the low crystallinity of 
nickel oxide and consequently the small 0, 
of nickel after H2 reduction. This idea is 
consistent with the previously proposed 
schemes (IO, 12) for the reduction process 
of some Ni-Si02 catalyst precursors. 

The mean crystallite sizes of nickel metal 
in the Hz-reduced catalysts, determined by 
the X-ray line broadening, are shown in 
Fig. 9 as a function of the NiC03 content in 
the precursor. The metal surface area de- 
creased in accord with the increase in b, as 
the NiC03 content in the precursor in- 
creased, while the BET surface areas did 
not depend so much on the composition of 
the precursors as shown in Table 2. Crys- 
tallite size distributions of nickel metal, de- 
termined by X-ray line profile analysis, are 
shown in Fig. 10 for several catalysts ob- 
tained from different precursors. In order 

to obtain a catalyst with high dispersion, 
preparation of the precursor should be car- 
ried out under relatively severe conditions. 

Catalytic Activity and Selectivity 
Catalytic activities (rO) and selectivities 

(OY) of modified Ni-SiOz (1 : 1) catalysts in 
enantioselective hydrogenation of methyl 
acetoacetate were plotted in Fig. 11 as 
functions of the NiCOs content in the pre- 
cursors. The activity decreased with an in- 
crease in NiC03 content in accord with the 
decrease in metal surface area of the cata- 
lyst. Therefore, precursors should be pre- 
pared under relatively severe conditions in 
order to obtain highly active catalysts. The 
enantioselectivity of the catalysts reduced 
at 400°C for 3 h increased with an increase 
in NiC03 content up to ca. 40% as expected 
and then decreased in spite of the increase 
in 0,. When the catalysts were reduced un- 
der milder conditions, the optimum compo- 
sition of the precursor was shifted to a 
higher proportion of NiCO, in accord with 
the change in & under different reduction 
conditions. The decrease in OY with in- 
creasing percentage of NiCO3 beyond the 
optimum value can be explained by the de- 
crease in the activity of larger crystallites 
with high selectivity as well as the increase 
in the contribution of smaller crystallites 
with low selectivity to overall hydrogena- 

TABLE 2 

BET and Metal Surface Areas of Ni-SiOz (1: 1) 
Catalysts Obtained from Various Precursors 

Catalyst 
No. 

NiCOx content 
in precursor 

(%I 

1 I 
2 18 
3 21 
4 38 
5 58 
6 78 

Surface areas” 

BET Metal 

290 46 
286 49 
301 41 
290 24 
229 21 
161 8 

a Normalized to m2/g catalyst. 
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FIG. 10. Crystallite size distributions of nickel in Ni-SiOr catalysts obtained from various precursors 
with different NiCOr contents: (a) l&I%, (b) 37%, (c) 58%, and (d) 78%. 
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FIG. 11. Dependence of the activity (0, A), and the 
enantioselectivity (0, A) of modified Ni-Si02 cata- 
lysts on the composition of catalyst precursors. (0,O) 
Reduced at 4OOT for 3 h; (A, A) reduced at 300°C 
for 1 h. 

tion. An increase in the proportion of 
NiCOj means a decrease in Ni(OH)l load- 
ing on SiOt, which will bring about a pro- 
gressive decrease in the size of relatively 
small crystallites originating from Ni(OH)2. 
Accordingly, a high NiC03 content in the 
precursor wilI lead to a broad or a bimodal 
distribution of nickel crystallites in the re- 
duced catalyst, though the CSDs in Fig. 10 
do not show the existence of so small crys- 
tallites because of the limit of the method 
employed. In other words, the enantiose- 
lective hydrogenation can be used as a 
probe of CSD of nickel in a catalyst because 
this reaction is highly structure-sensitive as 
reported previously (24-l 7). 

CONCLUSIONS 

1. Thermal gravimetric analysis (TGA) 
was found to be quite useful to establish the 
chemical composition of catalyst precur- 
sors and also to determine the reducibility 
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of supported catalysts under various reduc- 
tion conditions by using Hz flow. 

2. Almost all preparation variables affect 
the composition of precipitated precursors 
of Ni-SiOz catalysts. The proportion of 
NiC03 in a precursor, basic nickel carbon- 
ate, decreases as the preparation conditions 
become severe. 

3. The reducibility of the Ni(OH)&h 
precursor is lower than that of the NiC03- 
rich precursor probably because of the 
stronger metal-support interaction be- 
tween Ni(OH)2 and SiO2. A precursor with 
the higher proportion of NiCOs results in a 
catalyst with the larger mean crystallite size 
of nickel after HZ reduction. 

4. The hydrogenation activity strongly 
depends on the preparation conditions such 
as precipitation and drying temperatures. 
The precursors should be prepared under 
relatively severe conditions in order to ob- 
tain highly dispersed and active catalyst af- 
ter Hz reduction. 

5. The selectivity of a Ni-SiO;! (1 : 1) cat- 
alyst in the enantioselective hydrogenation 
of methyl acetoacetate vary with the NiCOJ 
percentage in the precursor. This can be 
explained in terms of the crystallite size dis- 
tribution of nickel in the catalysts. 
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