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Fig. 1 N, adsorption-desorption isotherms of supports and catalysts
(1) ALO;;(2) SA-1;(3) SA-2;(4) Ni/ALO,;;(5) Ni/SA-1;(6) Ni/SA-2
®1 BERELFHARSE
Table 1 Textural properties of supports® and catalysts
Agpr Vil Pore Size Acid amount Average Ni Crystalline H, consumption
Samples . )
/(m2 'g_]) /(cm3 .g‘l) /nm /(mmol + g7) Size/nm /(cm3 .g‘l)
Ni/Al, O, 206(274) 0.67(0.88) 13.1(12.8) 0.31(0.49 ) 14.1 2.6
Ni/SA-1 175(269) 0.49(0.72) 11.3(12.2) 0.41(0.65) 16.6 2.6
Ni/SA-2 154(249) 0.45(0.76) 11.8(10.8) 0.26(0.38) 24.5 1.8

a. supports parameters shown in parentheses

2.2 HERMELTIHERERLE

K2 (a) BRI ZAR R Py-IR &, ATLAE 3 Fil
HAKLE 1615, 1577 11 450 em™ AhHFE L B B
IILIE S35 L RO 485 U (PYL) BYRRIE R 1
U7 s SA-1 Fil SA-2 ZAAE 1 641 F1 1 542 em™ Ak
HB L LSS B ILIE S5 B BRHPL.OIJE LAY PYH R
TEMZ IS . F W] 3 R AR M ER PE 0 3 DL LR A
F, MM Si0, (1) SA-1 Fl SA-2 #fkrf i b B iR
Huls. B 2(b) B NH,-TPD AT, Firf 24k 2y

7 100 ~450 “CJa] Hh BLYE AL NH; R0, w42 AR
1oL, WA TR 34 HEBIAE 250 °C 4247, BB Si0, 195
AR B BRI L M AR AN, 3 M A LA s
BRI IR IR . TR R 3 AR SR B R
TR, MLEERBRE LI, A S0, 51 AT
AXT AR R RENZRMER LR RER 5
AL O; HIEL, SA-2 YRGS/, 1T SA-1 AR U BA
B
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Fig.2 Py-FTIR spectra and NH,-TPD profiles of supports
(1) ALO;; (2) SA-1; (3) SA-2
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Fig. 3 Py-FTIR spectra and NH;-TPD profiles of catalysts
(1) Ni/ALO5; (2) Ni/SA-1; (3) Ni/SA-2

2.3 H,-TPR F4E

AR H,-TPR (& K 43 W 4005 45 5R08 T
B4 Kge2. dhE 4 aTLIE I 3 Rl A0 R i 14 5 e
LRI 3 A O AH T 9 3 SR A B, e B AE R
H NiO WP LA 3 FIESAEAE. Ni/ALO, fALH] 3 4
IR 5 P TOUIR 5 43531 kg 370, 450 1 560 °C, 370

CARIR I S0 T XoF o AR R AAH NiO iR JiE, T
450 1 560°C 13 Jst i 11 5 10 43 5% i 5 ALO, A
Ak K s AR EAE ] NiO MRl ie J5t. 3% 2 1 306
PEE R TR, R e Jsog T 10 F0 IRy
) NiO 9 Fh 4351 o5 ZLEA NiO 1 26.4% | 13. 1% F
60.5% , BEH] Ni/AL O, #EAEF H NiO 22 D) 5 2%
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:.. FHEY NIO YA B 2. Ni/SA-2 3 A~ id Jit U6 ) e
TR 50 A 370, 450 11520 C, 5 Ni/AL O, 1
Ni/SA-1 fEFLFRIAR L, 0 T 5 9 LL RS A 38, 06
200 300 400 500 600 e sa i 2 34. 3% , il I ) TR 35. 1%,
femperature/© i e T 3 D S 1 O 9 X ST BB
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Fig.4 H,-TPR profiles of catalysts YRR — B, TS B AT AR Y NiO 4y
(1) Ni/Al,04; (2) Ni/SA-1; (3) Ni/SA-2 i/,
R 2 EAFH H,-TPR ESIENEER
Table 2 Fitting results of H,-TPR profiles of catalysts
I I I
Samples Peak temperature Peak area Peak temperature Peak area Peak temperature Peak area
/°C ratio/ % ratio/ % /C ratio/ %

Ni/Al, O, 370 26.4 450 13.1 560 60.5

Ni/SA-1 370 27.3 450 24.3 560 48.4

Ni/SA-2 370 30.6 450 34.3 520 35.1

X NizALO, fE4EF M &, NiO f:1E i A
AL, O Fh A T i U 1o A /A T (A2 o200 B
AHLFIELAL A AL PR, AT NiO FiT AL O, [A] 3%
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NiO S A ) A A PSS , X i i TPR A 5%
PR P AR AR R NIO PR, s AH A
NiO W /b i) £ 25 . 5 Ni/SA-1 A5k, Ni/
SA-2 21E AL O, ik EEETIA Si0,, kI
0543 VY T A AN AR ZS 67 8 Si0, 4, JEF Nio
55 Si0, B85 A BAEF, fH NiO 5 2 4k a) B &2
Y, TPR B A AN AR FARY NiO H 7 ] ok
B, HAT SR EAE T NiO R .
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W JEE AL 9 XRD ER T S, B ik
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Fig.5 XRD patterns of catalysts after reduction
(1) Ni/AL,O5;(2) Ni/SA-1;(3) Ni/SA-2
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Fig. 6 H,-TPD profiles of catalysts after reduction
(1) Ni/ALO,; (2) Ni/SA-1; (3) Ni/SA-2
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em’/g. 4R AR AR R, 4 0 R R S
N, G JRBTE R LA T AR, SR A3 f g B U
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{E RN A 17.49 mg(KOH) - g7 F#{K N 5. 57
mg(KOH) - g™, i Ni/SA-2 it 4k 1 1 Bt 3 A

20

17.49

— -
> w

Carbonyl number/mg(KOH) - g™
wm

™ @ 3 @

P 7 AR B T PRI A 25
Fig. 7 Hydrogenation activity of different catalysts
(1) Ni/Al,O4; (2) Ni/SA-1; (3) Ni/SA-2;
(4) Raw materials
Reaction conditions:0.3 g catalyst, 40 mL raw materials,

400 r/min, P=4 MPa. T=150 C, t=3 h

9.08 mg( KOH) - g™, Hofm&0E P Wl A% F Ni/
ALO; AL 254 R XRD | H,-TPD FAFLZ, R
HED . 3 T AE AL O, K5 A Si0,, {ff Ni 434k
FERRAR, ARRLRCT IS I, i g Ak H A7 550
FrBIE Y. SR, X Ni/SA-1 15, RN G =41
BRIEAE B JFORHALY 17. 49 mg (KOH) - g7 F&AIK N
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FHFTTE Y XRD | TPR 1 H,-TPD RAE AT, PO Ff
AR50 Ni P Fh B AL 43 #0%E Je SR TE I A H A7
JUBC, Ni/SA-T (AR o R &0 1 B8 8 2 SR AN
RGeS T2 0 W R s, o A0 e
R MR, DN TE BDO 5 in & S H 3 4
3 Ni RS AL Hy 18 R8T A A 52 i o 20 1 ) i —
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AR IR BTG P RE D B BT R I RO P2 TN
R R TR R0 1 2 AR LA — i R 7 s R il
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E= QNIRRT A Sl i) A7 e e o AR R e s = £ 370
WL, AT I F RS of C I Py-IR
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Effect of Surface Acidity on Ni/SiO, -Al, O, Catalyst
Performance for 1, 4-butynediol Hydrogenation

GUO Jiang-yuan, LI Hai-tao® , ZHANG Zhi-long, WANG Zhi-peng,
YANG Guo-feng, 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; Al,O, supports with different surface acidity were prepared by introducing SiO, into AI( OH), and Al, O,
via impregnation method, respectively. Also, the Ni/Al,O,, Ni/SA-1 and Ni/SA-2 catalysts with 15% Ni loadings
were prepared by equal volume impregnation method. All the catalysts were characterized by N, adsorption-desorp-
tion, pyridine-insitu fourier transform infrared ( Py-FTIR ) , NH,-temperature programmed desorption ( NH,-TPD) ,
X-ray diffraction( XRD ), H,-temperature programmed reduction ( H,-TPR) and H,-temperature programmed de-
sorption( H,-TPD) , etc. The effect of surface acidity on the catalytic performance of catalyst for the hydrogenation
of 1,4-butynediol was investigated. The results show that SiO, introduction way has great impacts on the dispersion
of active component Ni and catalyst surface acidity. Ni/SA-1 catalyst, using Al,O, support prepared by introducing
Si0, into AI(OH), and then calcination, showed high dispersion of active component and rich Lewis acid sites on
the surface. The synergy of Lewis acid sites and Ni active sites made the catalyst show excellent activity in the hy-
drogenation for BDO synthesis. However, when the SiO, was directly introduced onto the Al,O, surface, the Ni/
SA-2 catalyst showed low dispersion of active component, few Lewis acid sites, and poor hydrogenation activity.

Key words: SiO, introduction way; acidity; adsorption and activation of carbonyls; hydrogenation



