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Preparation of Novel WO3;/ HMS Catalyst and Its Catalytic Performance
for the Selective Oxidation of Cyclopentene

YANG Xinli, DAI Weilin", XU Jianhua, CHEN Hao CAO Yong FAN Kangnian

(Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials, Department of Chemistry,
Fudan University, Shanghai 200433, China)

Abstract: The novel heterogeneous WO3/HMS catalyst was prepared by immobilization of tungstic acid on
hexagonal mesoporous silica (HMS) by a special method using oxalic acid as the complexing agent, and was
characterized by means of SEM, TEM, N adsorption, XRD and laser Raman spectroscopy. The influences of
Si/' W molar ratio on the catalytic performance of WO3/HMS, WO3/Si02 and W03/ M CM-41 for the selective
oxidation of cyclopentene to glutaraldehyde under mild conditions were investigated. The as-prepared W03/
HMS catalyst with a Si/ W molar ratio of 30 showed excellent catalytic activity and selectivity. The conversions
of both cyclopentene and H202 were near 100 % and the selectivity for glutaraldehyde reached 72%, which are
much higher than those over the WO3/Si0; catalyst and even exceed those over the homogeneous tungstic acid
catalyst. The WO3/HMS catalyst remained similar morphology and hexagonal mesoporous structure as pure
HMS. The highly dispersed WO3 on the HM S surface was identified as the active phase of the catalyst. The
leaching of the active species was very low and had little effect on the catalytic performance. In addition, the
WO3/HMS catalyst was very stable and could be reused for at least six times. The deactivated catalyst could be
regenerated by simple calcination.

Key words; tungstic oxide, hexagonal mesoporous silica, supported catalysts cyclopentene, selective oxidation,
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Fig 1 SEM (a) and TEM (b) images of WOy HMS
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HMS ’ WO3 Table 1 Physico-chemical parameters of different catalyst
samples and their catalytic performance for oxi-
dation of cyclopentene (CPE)

A Pore size X/% S/ %
Sample >
m7 g (nm) CPE H»0, GA CPO
Si0, 634 2.4 0 0 0 0
TS-2 487 05 40 86 25 81
WO0,;°H,0* — — 100 100 62 0.7
w0, — — L5 o1 0 0
MCM-41 1050 25 0 0 0 0
HMS 950 2.6 0 0 0 0
WOy HMS® 880 2.6 100 100 72 0.
WOy MCM-41° 957 2.4 100 100 66 0.
W0/ Si0,! 522 LS5 100 100 60 L
W 03/ Si0,° 495 L3 11 0 0 0
Reaction conditions; 1. 6 g catalyst (the WO, content (12, 8%)
is the same for all the W-containing catalysts), 5 mlCPE, 7 ml
50%H,0, 30ml +BuOH, 0=33 C, =24 h.
GA —Glutaraldehyde CPO — Cyclopentene epoxide.
* Homogeneous catalyst.
b Cvatalls » . e ) C
3 WO, HMS Crystalline WO ; obtained from WO;°H,0 calcined at 400

Fig 3 Laser Raman spectra of different WOy HMS
(n S/ n(W)=30) catalyst samples
(1) Before reaction, (2) After reaction 6 times, (3) After
regeneration by calcination in air at 600 C for 2 h,

(4) Calcination in air at 700 C for 2 h

for 6 h.

¢ n S/ n(W)= 30.

d Prepared by xerogel method.

¢ Crystalline WO; dispersed on SiO, by calcining WO,/Si0, at
700 C for 12 h.
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WO3 y 3 WOy HMS
WOs3 Table 3 The life-time and regeneration of WO3/ HMS catalyst
‘ X/
. Recycle times CPE % 10, S (GAY Y% Y(GAY/ %
. (700 T , W03 SiO, 1 100 100 7 72
, 2 100 100 71 71
3 9% 98 68 65
4 0 92 63 57
2.2.2 SVW W03/ HMS 5 81 85 55 45
2, Si/W s W03/ r % o8 70 67
28 8 94 67 59
HMS ’ 3 74 77 56 42
WOs3 The reaction conditions are the same as in Table 1.
Si/W 30, W03 * Catalyst sam ple after regeneration.
12 8%, 100% . ) 2.4
2 SYW WOy HMS 4h )
Table 2 Influence of S¥/ W molar ratio on the performance , 50%
of WO3HMS catalyst 20 h,
n(SD TOF X/ % S(GA) Y (GA)
[ 22
n(W) (10 ) CPE H,0, % % , W03/
20 0. 59 100 100 71 71 HMS .
30 0. 83 100 100 72 72 WO3 55 IU“g/ ml, W03/
40 L 04 96 98 62 61
50 L 18 89 95 61 58 HMS » WOs HMS
The reaction conditions are the same as in Table 1. .

TOF —M oles of CPE converted on per mol W O3 per second.
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