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Fig. 1 The XRD patterns of the catalyst samples before
calcination (1) VPO precursor; (2) Ni-VPO precursor;
(3) Cu-VPO precursor
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Fig.2 The XRD patterns of the catalyst samples
(1) VPO; (2) Ni-VPO; (3) Cu-VPO
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Fig. 3 FT-IR spectra of (1) VPO precursor; (2) Ni-VPO
precursor; (3) VPO;(4) Ni-VPO;(5) Cu-VPO
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Table 1 The effect of different metal modified VPO catalysts on the styrene oxidation

Styrene conversion

Product selectivity/ %

Catalyst

/% Benzaldehyde Benzoic acid 1-Phenylethane-1 ,2-diol Others
VPO 81 62 8.5 20 8
Cu-VPO 50. 1 67.3 7.3 19.4 7
Ni-VPO 80.6 74 9.98 12 4
Ce-VPO 80.4 60.7 10.1 17 10
Fe-VPO 62.4 63.8 11.5 18.5 7

Reaction conditions; catalyst=0.075 g, styrene=0.015 mol, CH;CN=7.5 mL, 50 °C, H,0,=0.03 mol, 6 h
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Fig. 5 The effect of different temperatures on the styrene
oxidation
Reaction conditions: Ni-VPO=0.075 g, styrene=0.015 mol,
CH,CN=7.5 mL, H,0,=0.03 mol, 6 h
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Fig. 6 The effect of Reaction time on the styrene oxidation

Reaction conditions; Ni-VPO=0.075 g, styrene=0.015 mol, CH,CN=7.5 mL, H,0,=0.03 mol, 50 C
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Table 2 The effect of different solvents on the styrene oxidation

Styrene conversion Product selectivity/ %
Solvent
/% Benzaldehyde Benzoic acid 1-Phenylethane-1,2-diol Others
Acetonitrile 80.6 74 9.98 12 4
Acetone 75 65 10 15.7 9.1
Methanol 42.5 46.3 — 10.7 40
Ethanol 47 59.9 16.6 11 12

Methylene dichloride — — — — _

Reaction conditions; Ni-VPO=0.075 g, styrene=0.015 mol, 50 °C, H,0,=0.03 mol, 6 h

TRALEBIE . PEE, RN LA R KR n(H,0,)=1: 8 I, RO RAERTINE] 97%
B BEFEE AR A TAE S e AN SO (ELMC I 4 R PR (0 2 B I3 42% , IO R
2.4.5 H,0, AN W3 PR, n(F CIRTREEAACN R IR, 2 R e £ 4k ] IR
LI) t n(H,0,) =12 R ERIVILH]. B M a(CELM)  n(H,0,)=1: LI, FKIIEHLR
I, TR S AR, X n (R L) - HA 59% , R RAE.

%3 H,0, EX# Z &S LR B H 200

Table 3 Effect of amount of hydrogen peroxide on the styrene oxidation

n(Styrene) : Styrene conversion Product selectivity/ %

n(H,0,) /% Benzaldehyde Benzoic acid 1-Phenylethane-1,2-diol Others
1:1 59 76 4 16 2
1:2 80.6 74 9.98 12 4
1:4 95 63 17 13 7
1:8 97 40 42 10 8

Reaction conditions; Ni-VPO=0.075 g, styrene=0.015 mol, CH;CN=7.5 mL, 50 C, 6 h
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Table 4 Effect of amount of catalyst on the styrene oxidation
m( Catalyst) : Styrene conversion Product selectivity/ %
m( Styrene ) /% Benzaldehyde Benzoic acid 1-Phenylethane-1,2-diol Others
3% 78 65 12 13 8
5% 80.6 74 9.98 12 4
10% 75 75 7 14 4
15% 68 78 4 13 5

Reaction conditions; Ni-VPO=0.075 g, styrene=0.015 mol, CH;CN=7.5 mL, H,0,=0.03 mol, 50 C, 6 h
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Fig. 7 The possible pathway of the styrene oxidation with Ni-VPO as catalyst
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The Selective Oxidation of Styrene to Benzaldehyde by
Modified VPO Catalyst

KONG Xiang-guo, HU Bo, ZHUO Guang-lan
(Science Department of Chemistry of Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract; Selective oxidation of styrene was carried out using styrene as the raw material, 30% hydrogen peroxide

as the oxidant, and modified vanadium phosphate oxide as the catalyst. The results showed that nickel modified

VPO significantly increased the selectivity of benzaldehyde. To investigate the nickel effect, the catalysts were

characterized using X-ray diffraction, Fourier transform infrared spectroscopy, Field emission scanning electron mi-

croscope. Under the optimal conditions (acetonitrile as solvent, the amount of Ni-VPO catalyst is 5% , n(styrene) :

n( hydrogen peroxide)=1:2, 6 h, 50 °C), the convertion of styrene is 80.6% , and the selectivity of benzalde-

hyde is 74% . The reaction mechanism was also investigated.

Key words: vanadium phosphate oxide catalyst; selective oxidation reaction; styrene; benzaldehyde



