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Effect of Rare Earth Element in ZrO,-M,0/MCM-41 (M=La, Ce, Sm, Gd) on
Hydrogen Transfer Reaction
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Abstract: 5%7ZrO,/MCM-41and 5%ZrO,-5%M,0,/MCM-41 (M=La,Ce,Sm,Gd)were prepared by the impregnation
method. The hydrogen transfer reduction of acetophenone with 2-propanol was investigated over these catalysts.
The catalysts were characterized with XRD, N, adsorption-desorption and FTIR spectra of adsorbed pyridine. The
results show that ZrO, and rare-earth metal oxides disperse on the surface of MCM-41 supports in an amorphous
phase or as tiny crystal particles lower than the detection limit of XRD. The catalytic activity obviously varies
upon loading rare-earth metal oxides on 5%ZrO,-MCM-41, The activities of the catalysts decrease in the order of
5%7r0,-5%L.a;0/MCM-41>5%7r0,-5% Sm,0/ MCM-41>5%7Zx0,-5% Gd,0y/MCM-41>5%ZrO,/MCM-41>5% 70
5% Ce,05/MCM-41. Addition of rare-earth metal oxides leads to strengthening the acidity of Zr-OH, Lewis acid
sites and Bronsted acid sites on the catalyst surface. On the other hand, the addition of La,0; can obviously
enhance the number of acid sites on the catalyst surface. On the contrary, the loading of Sm,0;,Gd,0; results in
the slight decrease in the number of acid sites on the catalyst surface, especially, the addition of Ce,O; leads to a

significant drop in the number of acid sites.
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Fig.1 XRD patterns of various 5%Zr0,-5%M,0,/MCM-41
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Table 1 Physical Parameters of Various Samples

Sample Sper / (m?+g™) Vigar / (em®+ g™ Mean-dp / nm
MCM-41 1354 0.51 39
5%7r0O,/MCM-41 1218 0.50 3.6
5%7r0,-5%1.a,0/MCM-41 1038 0.53 2.4
5%7r0»-5%Sm,0/MCM-41 1 005 0.51 2.4
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Fig.2 FTIR spectra of pyridine adsorbed of samples

R i P S T R R A0 T R L T e/
L W B ST, BOXS LG T L R A B R v O I BT 4 i
WE |5 Zr-OH JE Bl S0 HE i) I e B8 25 5 DG B, 156 BH Zor-
OH M tE B85 T LA B b, M Fig2A 1]
H 5% 7r0,-5% Smy0y/MCM-41 5% 7Zr0,-5% Gd,04/
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8 Zr-OH L FR that & B R o IR M L 5% 70,/
MCM-41 5, REhn ARG + 4 )8 A A i (48 10 7 3¢
[l Zr-OH L fR 0 S B R 0o iR P 15 5%
24 EUEMNE

= 2 M JE 5% Zr0, IMCM-41.5% M,0+/

MCM-41 5% Zr0,-5% M,0/MCM-41 (M =La,Ce,Sm,
Gd) AT 1 28 2T % fb 2R R 2R & T 1 3 B
Pk, R AT 5%M,0/MCM-41(M=La, Ce ,Sm, Gd) &
WAL 35 T, 5% ZrO/MCM-41 5% Zr0,-5% M,0/MCM-
41(M=La,Ce,Sm, G A —E W M, B o-H
CBEBEPENE KT 99% , FT LAAS SCAUM 2R & i % Ak
(ARG ) ok % SEAMERIERE . TE 5%Zr0y
MCM-41 Fitk—2 i AF + 4 )& A1k W 2 5 w4 fk
A AT R A La05.Smy05 Fl Gd,0; J& , fE 4L
WEPER AR MNA Ce,05 5 T2 ALFIG M
JIT T B, A A TR0 08 A AR 3 PR T R 59%7r0,-5%
La,0/MCM-41 > 5% Zr0,-5% Sm,0/MCM-41 > 5%
7r0,-5% Gd,0/MCM-41 >5% ZrO,/MCM-41 >5% 7x0,-
5%Ce,0yMCM-41, MCM-41 v fL53F1fi 7 208 & &
AW B AL TG AN & MCM-41 L4371 £ 48 e

®2 KZH MPV R EELFIBELFE-

Table 2 Activities of various catalysts in the MPV reduction of acetophenone®

Catalyst

Conversion / %

Selection / %

5%72r0,/MCM-41
5%La,0yMCM-41
5%Ce,0/MCM-41
5%Sm,0y/MCM-41
5%Gd,0/MCM-41
5%7r0,-1a20/MCM-41
5%7r0-Ce20,/MCM-41
5%7Zr0-Sm20yMCM-41
5%7r0,-Gd20/MCM-41

28

>99
0
0

0
>99
>99
>99
>99

“Reaction conditions: catalyst, 0.1 g; reaction temperature, 82 °C; ketone, 2 mmol; isopropanol, 40 mmol; reation time, 4 h.
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Fig.3 Mechanism for the MPV
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