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MgO MgO. 7r0, Zr0,/MCM-41  7ZrO,/AC
a- MPV
2

1
1.1
1.2
1.2.1 MCMH41 13 MCM-41
1.2.2 AC Zr0, 1.40 ¢ Zr( NO;) , * 5H,0 60 mL

4.0 g20~30 60 C 4 h 100 C . 200 ~
700 °C 6 h Zr0, 10% ( ) 7r0, /
ACX( X ) -
1.2.3 MCM-41 7r0, 7r0, /AC
MCM-41 Zr0, /MCM41-X.
1.2.4 7x0, 21.00 g Zr( NO,) , * 5H,0

200 ~400 °C . 4 h Zr0,-X.
1.3
Thermo ARL X* TRA (Cu 40 kV 40 mA 0.04°)
: Micromeritics ASAP 2010 V5. 02 -
; Thermo Nicolet AVATAR-370 300 C (5x107 Pa)4 h
100 200 300 °C ;

TGA/STDA 51 80 mL/min 20 ~750 C ( 10 «C/

min) 7r0,/AC 7ZrO,/MCM-41 7r0, ; Kratos AXIS Ultra DLD X
( XPS) o Al 1486. 4 eV
225 W 0 ~1200 eV 1.0 eV 100 ms.
1.4
1 mmol + 30 mmol 0.5 ¢ 50 mL

82 C 8 h . ( Angilent
6890N . INNOWAX 0.25 mmx30 m FID) ; - ( CP-3800/Sat—
urn2000 : CP-SIL8 30 mx0.25 mmx0.25 pum)
2
2.1 XRD

I(A) ~(Q) Zr0, 7r0,/AC  ZrO,/MCM-41 XRD

I(A) 300 C 7x0, ;
400 °C 7r0, " 1( B) 7r0,/AC

400 C 20=25° ( AC ) AC

7r0, ; 500 C 710, ; 700 C
. 1(C)

200 ~500 “C 7Zr0, /MCM-41 MCM-41 20=2.2° 1

MCM-41( 100)
. 400 C

MCM-41 7:0,
710, /MCM-41 500 <C
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Zr0, /MCM-41 MCM-41 ;
(C) 20=20° ~30° 1 MCM 41 Si0,
70, 7:0,  MCM41 : 1(A) ~
(C) 7r0,
(&) . ®)
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Fig.1 XRD patterns of ZrO,X( A) ZrO,/ACX(B) and ZrO,/MCM-41-X( C)
(A) a. Zr0,=200; b. Zr0,-300; c. Zr0,-400; ( B) a. ZrO,/AC=200; b. ZrO,/AC-300; c. ZrO,/AC400; d. ZrO,/AC-500;
e. Zr0,/AC-700; (C) a. MCM-4L; b. ZrO,/MCM—-41200; c. ZrO,/MCM-41-300; d. ZrO,/MCM-41-400; e. ZrO,/MCM-41-

500. * Tetragonal zirconia.

2.2 -
1 - AC  ZrO,/AC N
( Smes()) ( Vmes()) ( SBIC']‘) ( Vlol;]]) ( Smi(‘ro)
(V) 1 AC 710, /AC-200 .
710, AC 7x0,
. : 710, /ACX .
7r0, /AC-500 AC AC N
Zr—OH ; Zr0,/AC-700 N
7x0, AC 7r0, N
; MCM-41 Zr0, /I MCM+41-X N
Zr0, MCM-41 ; 7r0, /MCM+41-X
N 7r0, /MCM-41-500 Zr0, /MCM-41-300 XRD
MCM-41
Table 1 Physical parameters of various samples
Samol Sger/ S iero ! S neso ! Vit ! Viero ! Vieso ! Mean d,/
- (meg!)  (meg!)  (megl)  (ew'cg?)  (em'cg?)  (em’ o) nm
Zr0-300 155 — — 0.09 — — 18.2
AC 912 707 205 0.45 0.33 0.12 3.6
7Zr0, /AC200 869 493 376 0.53 0.23 0.30 3.8
Zr0, /AC-300 886 511 375 0.54 0.24 0.30 3.8
Zr0, /AC-500 912 524 388 0.56 0.24 0.32 3.8
Zr0, / AC-700 1002 340 662 0.74 0.15 0.59 4.0
MCM-41 1354 — — 0.51 — — 3.9
Zr0, /MCM-41-300 1006 — — 0.51 2.4
Zr0, /MCM-41-500 871 — — 0.27 — — 3.0
2.3 TGDSC
2(A) (B) 7Zr0, Z7r0,/AC Z7Zr0,/MCM-41 AC MCMH4] TG

psc . 2( A) 120 C . 120 °C
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Fig.2 TG( A) and DSC(B) curves of different samples
a. 7r0,; b. Zr0,/MCM-41; ¢. ZrO,/AC; d. MCMH41; e. AC.
2.4 XPS
3  7Zr0,300 ZrO,/AC300 Z7ZrO,/MCM-41300 Zr,, XPS . 3 a
Zr02—300 Zr3d5/2 Zr3(,3/2 182.2 Zramn 1845 Zrys, 1822
184.5 eV 15 . Zr0,/AC- J w
300( 3 by vy, Zry,, Zr0,—- '
300 0.1 0.2eV /\_,/\
XPS / A —
70, AC Zr  AC NN ]
Zr 190 I;;x I;m |;H I};Z !;m I?ix 1;6
7r0,-300 Zr 3 c Ey/eV
7Zr0, /MCM+41-300 erMS/2 sy Fig.3 Zr,, XPS spectra of various samples
7r MCM =41 a. 710,-300; b. 710, /AC300; c. 710, /MCM-41-300.
Si—O0—Zr 16 ;
Lry,,  Zry,, Zr0,/MCM+41-300 Zr
Si—O0—Zr Zr—0—7Zr . Zx0, MCM-H41 Zx0,
MCM-41 TG-DSC
7r0, /MCM 41
2.5 PyF¥TIR
4(A) ~(Q) 7r0,-300 Zr0,/AC300 ZrO,/MCM-41-300 . 100 200 C
MCM-41 AC (
) 17 18 4( A) 7r0,-300 1601 1442 em™
L Zr0, L . Zr0, /MCM-41-300 1596 1578 1446
em”! —OH ( )
7r0, /MCM 41 —OH; 1625 cm™ L ; 1638 1540 cm™
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B ; 1490 cm™ L B 7x0, /
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B L Si0, Al 0, : 4( A) 7r0,/AC300 1587
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Fig.4 FTIR spectra of pyridine-adsorbed samples at room temperature( A) 373(B) and 473 K( C)
a. 7r0,-300; b. 710, /AC-300; c. 71O, /MCM-41-300.
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5.91%( 5 b) . 7x0, AC
Zr—OH L
B AC
X 7x0,
Zr—OH AC
12 - AC -
AC
(400 ~600 C) (>700 C)
3
Zr0, MCM-41 Si—Zr—0 Zr0, MCM-H41
Zr—OH L B
7x0, AC 7r0, AC
Zr—OH L B
AC
T AC T
1 Arai M. Takahashi H.  Shirai M. Nishiyama Y. Ebina T.. Appl. Catal. A: General J 1999 176: 229—236
2 Sudhindra N. M.  Ram S. S. Minaz A. G.. J. Colloid Inter. Sei. J 2005 281(1): 164—170
3 Uysal B. Buyuktas B. S.. Arkivoc J 2007 14: 134—140
4 Ruiz J. R. Jimenez-Sanchidrian C. Hidalgo J. M.. Catal. Commun. J 2007 8(7): 1036—1040
5 Heidari H.  Abedini M. Nemati A. Amini M. M.. Catal. Lett. J 2009 130(1/2): 266—270
6 Liu S. H. Jaenicks S. Chuah G. K.. J. Catal. J 2002 206(2): 321—330
7 ZhuY. Z. Chuan G. K. Jaenicks S.. J. Catal. J 2006 241(1): 25—33
8  Samuel P. P. Shylesh S. Singh A. P.. J. Mol. Catal. J 2007 266(1/2): 11—20
9 Zhu Y. Z. Jaenicke S. Chuah G. K.. J. Catal. J 2003 218(2): 396—404
10 De Bruyn M. Limbourg M. Denayer J. Baron G. V. Parvulescu V. Grobet P. J. de Vos D. E. Jacobs P. A.. Appl. Catal.
A: General ] 2003 254(2): 189—201
11 Kresge C. T. Leonowicz M. E. Roth W. J. Vartuli J. C. Beck J. S.. Natrue J 1992 359(6397): 710—712
12 XU Chun-ei( ) ZHANG Bo( ) YUAN Jian( ) LU Han-Feng( ) CHEN YinFei( ) GE ZhongHua



1332 Vol. 33

( ) . Acta Chim. Sinica( ) J 2011 69(4): 368—374

13 YANG Ze-Heng( ) LI Hong-Yan( )  ZHANG WeiXin( ) . Chem. J. Chinese Universities( )
J 2010 31(6): 1108—1112

14 LIU Yuan( ) ZHONG Bing( )  PENG Shao-Yi( ) WU Dong( ) FAN Dong-Hao( ) . Acta Phys. Chim.
Sin. ( ) T 1995 11(9): 781—784

15 Reddy B. M. Sreekanth P. M. Yamada Y. Kobayashi T.. J. Mol. Catal. A: Chemical J 2005 227(1/2): 81—89

16  Kongwudthiti S. Praserthdam P. Tanakulrungsank W. Inoue M.. J. Mater. Process. Technol. J 2003 136(1—3): 186—189

17 Szegedi A. Popova M. Minchev C.. J. Mater. Sci. J 2009 44(24): 6710—6716

18  Khder A. E. R. S.. Appl. Catal. A: General J 2008 343(1/2): 109—116

19  Damyanova S. Petrov L. Centeno M. A. Grange P.. Appl. Catal. A: General J 2002 224(1/2): 271—284

20 Itoh M. Hattori H. Tanabe K.. J. Catal. J 1974 35(2): 225—231

21 SUN Cui-Zhi( ) ZHOU Ren-Xian( ) . Chem. J. Chinese Universities( ) J 2011 32(7): 1551—
1555

22 Francisco J. U. Maria A. A. Alberto M.  Jose M. M.. J. Catal. J 2009 268(1): 79—88

Comparison of ZrO,/MCM-41 and ZrQO,/AC Catalysts in
Hydrogen Transfer Reaction of Acetophenone

YUAN Jian ZHANG Bo" TANG Ming-Hui LU Han-Feng CHEN Yin-Fei
( Institute of Industrial Catalysis College of Chemical Engineering and Materials
Zhejiang University of Technology Hangzhou 310014  China)

Abstract Zirconia( Zr0O,) was supported on active carbon( AC) or siliceous MCM-41 mesoporous materials
(ZrO,/MCM-41) respectively through the impregnation method At the same time these samples were cha-
racterized by XRD N, adsorption-desorption XPS TG-DSC and FTIR spectra of adsorbed pyridine
methods. Their catalytic activities in the Meerwein-Ponndorf-Verley( MPV) reduction of acetophenone with a—
propanol as a hydrogen donor were investigated and compared to that of hydrous zirconia to study the support
effect on their catalytic activities. The results showed that catalytic activity was significantly improved upon
loading zirconia on MCM-41 support due to the formation of Si—0—Zr bond between zirconia and MCM—-41
supported which resulted in the formation of highly dispersed amorphous zirconia in the catalyst consequently
a marked increase of the amount of the Zr—OH group the strengthening of Lewis acidity and an appearance of
Brionsted acid sites. In contrast to ZrO,/MCM-41 no obvious increase of catalytic activity was observed after
loading zirconia on AC support owing to the weak interaction between zirconia and AC support which resulted
in the lower dispersion of zirconia on AC support consequently a less increase of number of Zr—OH groups
and weak Lewis acidity. However ZrO,/AC calcined at higher temperature (400—600 °C) still retained
steady activity which may be due to the dredging of pores in AC during the calcination and the increase of
concentration of acetophenone near the active sites via the 7777 electron interaction between the benzene ring in
the acetophenone and graphite layer of AC support.

Keywords Zirconia; MCM-41 mesoporous molecular sieve; Active carbon( AC) ; Acetophenone; Hydrogen

transfer reaction
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