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Fig. 1 IR spectra of y-Al,0,(1) and 7Si0,-Al,0,(2)
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Fig.2 Py-FTIR spectra of y-Al,0,(1) and 7Si0,-Al,0,(2)
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KA Si-OH 7 E. y-ALO, i L RO RYFF
TERWI R AT B8 TR kR, moglA Sio, J&,
L ggHueisid, B B in, ik —2 3k Sio,
M5l A T 85 AP s, [ Si-OH 5 7
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2.2 FEEA IR

BrfE Ni/y-AL O, FI Ni/xSi0,-AL O, 44k 5 i
LS E(HI TR D). WJURH, WE S &
hn, AR Y b 3R AR AR AR R, LA B 0. 47
cm3/g Tz 0.34 cm3/g, LM A 11.5 nm Ff
% 8.9 nm, £ Si0, 5] AXT y-AL O, FLIALE
I ZE.

% 1 KHAIZREIIE Ni/y-AL O, i Ni/xSi0,-AL O, fALFIRIRMS LR Ni SR
Table 1 Textural properties and Metal Ni crystallite size of Ni/y-Al,O; and Ni/xSi0,-Al, O,

catalysts before and after hydrothermal treatment

Specific surface Pore volume

Average pore ) o
Ni crystallite size

Area/(m* - g™") /(em® - g™") diameter/nm
Sample
Levels of Ni
before after before after before after before after )
aggregation/ %
Ni/y-Al, O, 164 98 0.47 0.36 11.5 14.5 10.78  13.78 27.8
Ni/1.58i0,-Al, O, 158 125 0.44 0.35 10.9 12.7 12.84 13.44 4.7
Ni/38i0,-Al, O, 155 145 0.42 0.39 10.6 11.5 13.57 13.87 3.3
Ni/58i0,-AlL, 0O, 152 143 0.39 0.36 9.9 10.4 14.48  14.58 0.7
Ni/78i0,-AlL, 0O, 149 145 0.34 0.33 8.9 9.2 15.42  15.54 0.7

note: “before”is the fresh catalysts; “after”is the catalysts after hydrothermal treatment.

K] 3 SR LR 450 °C 25 B e RE i H, -
TPR . Ni/y-ALO, fALFI7E 340 ~ 550 °C [i] th Bt
— N FEAL RS, BT B AE 500 °C, axX 3 B4
AL NiO FELL S y-AL 05 FH A FIABR A 755
BURRTEAE , /T 400 °CAE S I 77 1E R WIAE1E /D
B AR B A 55 M B AR NiO 4 RO Ny
1. 58i0,-AL 0, f#4LA1 7E 320 %] 520 °C fi] B #§ 4>
W TR 3L 125 73 31 380 5 470 C {9 1 I A i HOHE R
%, 5 Ni/y-ALO; A4 b, TPR I f A2 1] 36

JE | U TR JEE 4 1) IR DX RS gt — BN Si Ay
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DX S e Py e T AR T O, 08 i T X 11 S 06 T
BRI/ i JRGELE A8 A S L T 3% P4 045 3K
PRI AR IR RE L. EIRESRED], Si0, B5IA
il NiO 552844 Z [B] A AR ELAE TS, 1A St &
g, W Y O 45 A AT IR Py-FTIR
FAELERATH, WX — R W R AT AR, 5IA
¥y Si0, PRI E] y-AL O, R E i 1 #4F AL,
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Fig.3 H,-TPR profiles of Ni/y-AL O, and Ni/aSiO,-AL O, catalysts
(1)Ni/y-ALO,; (2)Ni/1.5Si0,-AL,0,; (3)Ni/38i0,-Al,0,;
(4)Ni/58i0,-AL0,; (5)Ni/7Si0,-AlL,0,
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Fig. 4 XRD patterns of Ni/y-Al, 0, and Ni/xSi0,-Al, 0,
catalysts after reduction
(1)Ni/y-AL O, ; (2)Ni/1.5Si0,-AL0,; (3)Ni/3Si0,-AL0;;
(4)Ni/5Si0,-A1,0,; (5)Ni/7Si0,-Al, 0,
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R EAEATAE B IR R il AR e 1, X
FERIEAT T K AL, XK B B S 1
FEGIEATT XRD J2 N, W3 fiER1E. 1B 5 240K
PAb PRI AL R 1) XRD % &, Ni/y-AL O, 4k
ZoK AL B, BT KGR A R A AT S e
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Intensity/a.u.
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20/(° )
& 5 2K $Ab IS Nisy-Al 0, F1 Ni/xSi0,-Al, O,
HEEFI XRD

Fig.5 XRD patterns of Ni/y-Al, 0, and Ni/xSi0,-Al, O,
catalysts after hydrothermal treatment
(1)Ni/y-AL, 0,5 (2)Ni/1.58i0,-Al,05; (3)Ni/3Si0,-Al,0,;
(4)Ni/58i0,-A1,05; (5)Ni/7Si0,-Al, 0,
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Ni/y-AlL, O, fifb 5 K A M R 4r B %), O bl
Si0, 7 5t MG I AL R 7K B e MR B e .
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g, FLAH 0.47 em’/g W/NF] 0.36 em’/g, FLIZH
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Fig. 6 Catalysts performance for Ni/y-Al, O, and Ni/xSi0,-Al, O,

catalysts before and after hydrothermal treatment
(M) before hydrothermal treatment; ( @) after hydrothermal

treatment; ( A ) carbonyl numberincrease rate( 100% )
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Activity and Stability of Ni/SiO, -Al, O, Catalyst
in the Aqueous Phase Hydrogenation System

KANG Li-na, GUO Jiang-yuan, ZHANG Hong-xi, LI Hai-tao“, XU Ya-lin, ZHAO Yong-xiang "
( Engineering Research Center of Ministry of Education for Fine Chemicals, School of Chemistry and
Chemical Engineering, Shanxi University, Taiyuan 030006, China)

Abstract; A series of Ni/Si0,-Al, O, catalysts with different Si contents were prepared by impregnation methods.
All the catalysts were characterized by pyridine-in situ Fourier transform infrared ( Py-FTIR), X-ray diffraction
(XRD), low temperature N, Physisorption (N, ), H,-temperature programmed reduction ( H,-TPR). The catalytic
activity and stability for the hydrogenation of aqueous phase 1,4-butynediol were evaluated. The results show that
part of the y-Al,0, surface is covered by SiO, with reducing the exposure of AI’*. The support exhibits similar
properties with Si0,. As the increase of Si content, the interaction between the metal Ni and the support is re-
duced, which cause the aggregation of metal Ni and the decrease of pore volume and pore diameter, and the decay
of the initial activity. Meanwhile, the hydration of y-Al,0, is significantly inhibited because of the addition of
Si0,. With the raise of Si content, the stability of catalyst increase. When the Si content is 3% , the catalyst shows
the best performance due to a small decrease of the initial activity and significant increase of the hydrothermal sta-
bility.

Key words: silica; alumina; nickel; hydrothermal stability; 1,4-butynediol



