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Abstract— Ni/kieselguhr catalysts have been prepared by precipitation of nickel nitrate with either ammonium
hydroxide or sodium carbonate in a solution where kieselguhr particles are suspended. Changes in the catalyst proper-
ties with the preparation conditions have been studied primarily by observing the X-ray diffraction patterns of the sam-

ple catalysts.
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The amount of nickel silicate formed on the catalyst surface during the precipitation step is closely related to the pro-
perties of the catalysts. That is, formation of nickel silicate on the catalyst increases the total surface area of the catalysts,
and reduces the nickel particle size as well as its reducibility. Nickel silicate also makes the silica surface rough, thus
reducing the pore opening of the support. Nickel silicate is enhanced on the catalyst when the alkaline precipitant,
preferably sodium carbonate than ammonium hydroxide, is injected slowly into the nickel nitrate solution which is

maintained at high temperature.

Aging of the precipitation solution at high pH after fast precipitation enhances the formation of nickel silicate on the
catalyst, particularly when sodium carbonate is used as a precipitant. However, when ammonium hydroxide is used as
a precipitant, slow precipitation without aging is more effective for the nickel silicate formation than fast precipitation

followed by aging.

The hydrogenation rates of unsaturated fatty acid on the nickel catalysts decrease significantly when nickel silicate
is formed on the catalyst to certain extents. This seems to result from retarded diffusion of the large reactant molecules
into the catalyst pores, whose opening size has been reduced by the nickel silicate formation.
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Fig. 1. XRD patterns of catalyst samples prepared by injecting ammonium hydroxide at 90°C for 4 hours
(Sample 1) and 24 hours (Sample 2), respectively. The precipitated samples (a) have been calcined in
air at 500°C for 5 hours (b), and then reduced in hydrogen at 450°C for 15 hours (c).
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Fig. 2. XRD patterns of catalyst samples prepar-
ed by injecting ammonium hydroxide for
24 hours at 90°C (Sample 1) and 25°C
(Sample 2), respectively. The precipitated
samples (a) have been reduced in hydrogen
at 450°C for 15 hours (b).
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Fig. 3. XRD patterns of catalyst samples prepared by injecting sodium carbonate solution at 90°C for 2
heurs (Sample 1) and 16 hours (Sample 2), respectively. The precipitated samples (a) have been
calcined in air at 500°C for 5 hours (b), and then reduced in hydrogen at 450°C for 15 hours (¢).

Table 1. Ni particle size estimated by XRD

Precipi Precipitation Average Particle
recipitant Period (hrs) Size (A)
NH,OH 4 204
24 113
N 32C03 2 59
16 37

st} Fig.
S5 942 Uiz ek, 2, $okel 27 pH
£ A9 Fxol weh A, A el
wfeb 448 Folelehl Aol YFAoE dolibt

H=655& $73 Z7hae,

in‘?d%%‘-‘ll pHol @& Zule] S4usHE ololxr|
e, BB 2715 st 247 017M, 0.85M
o A%el Az Eolel XRDEAS asc
Fig.5014 23, AAh]de] 27587} vola £
o S pH 7k $A SA=w Fad el ol Axs)
2 e Qdojdl Ashyd o Jdagel A ois-
Aol o 4 9l

1 L 1
ool AR EE, YIRS 2 dosy A 0 1 2 3 4
Ao] AAA7E AA SN Udde] AL d FolA Precipitation Time, hrs
v omE ALl pHE E7 ‘?FZ] sk= #¥el &3 Fig. 4. Changes in pH of the precipitating solu-
Aol AL obgteh, 2, Aol AL} pHE tion containing initially (a) 0.17 M or (b)

3k %;oﬂkl o-] 7401 E,]__“_ —3-?’;}' X}_o]zlvg_ 0;_]»0]»_\3!_7] 0.85 M of nickel nitrate.

has 2



wodwl o g Al =g Ni/Si0, Follol A

dried

Fapidel Aol G2

calcined

E 49 3t

Zuofjof f

625

reduced

30 40 50 60 30 40

60 30 40 50 60

Bragg Angle, 26
Fig. 5. XRD patterns of catalyst samples prepared by injecting sodium carbonate solution at 90°C for 2
hours into solutions initially containing 0.17M (Sample 1) or 0.85 M (Sample 2) of nickel nitrate.
The precipitated samples (a) have been calcined in air at 500°C for 5 hours (b), and then reduced in

hydrogen at 450°C.
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Fig. 6. XRD patterns of catalyst samples prepar-
ed by injecting sodium carbonate solution
at 90°C for 16 hours (Sample 1), for 2
hours followed by aging for 14 hours un-
der the solution pH of 7 (Sample 2) or
under the pH of 8 (Sample 3). The precipi-
tated samples (a) have been calcined in air
at 500°C for 5 hours (b).
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Fig. 7. XRD patterns of catalyst samples prepar-
ed by injecting ammonium hydroxide at
90°C for 24 hours (Sample 1), for 2 hours
followed by aging for 22 hours under the
solution pH of 7 (Sample 2) or under the
pH of 8 (Sample 3). The precipitated
samples (a) have been calcined in air at
500°C for 5 hours (b).
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