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Fig. 1 XRD patterns of the catalyst samples
(a): Ni-VPO; (b): Ni-VPO/MCM-41; (¢): Ni-VPO/ZSM-5;
(d): Ni-VPO/v-AL,0,; (e): Ni-VPO/TiO,
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Fig. 2 XRD patterns of the Ni-VPO/TiO, catalyst samples
(a): 20% Ni-VPO/TiO,; (b): 15% Ni-VPO/TiO, ;
(¢) 10% Ni-VPO/TiO,; (d): 5% Ni-VPO/TiO,; (e): TiO,
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Fig. 3 FT-IR spectra of (a) :TiO,; (b): 20% Ni-VPO/TiO,;
(¢): 15% Ni-VPO/TiO,; (d): 10% Ni-VPO/TiO, ;
(e): 5% Ni-VPO/TiO,
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Fig. 4 SEM images of (a)Ni-VPO; (b): 20% Ni-VPO/TiO,; (c) 5% Ni-VPO/Ti0,; (d): TiO,
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Table 1 Effect of supported VPO catalysts on styrene oxidation

Product selectivity/ %

Styrene
Catalyst conversion Benzalde- Styrene Benzoic 1-Phenylethane-
/% hyde oxide acid 1,2-diol Others

VPO 81.0 62.0 — 8.5 20.0 9.5
TiO, 6.0 — 67.5 — 32.5 —
Ni-VPO 80.6 74.0 — 10.0 12.0 4.0
Ni-VPO/MCM-41 92.8 68.5 2.2 7.5 19.0 2.8
Ni-VPO/ZSM-5 89.3 67.9 2.5 9.9 19.6 —
Ni-VPO/y-AL O, 93.7 58.4 2.6 9.4 29.6 —
Ni-VPO/TiO, 91.2 76.2 1.6 8.8 13.4 —

Reaction conditions; catalyst=0.094 g. styrene=0.015 mol, CH;CN=7.5 mL, 50 °C, H,0,=0.03 mol, 6 h
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Table 2 Effect of TiO, loading on styrene oxidation

Product selectivity/ %

Styrene
Catalyst conversion Benzal - Styrene Benzoic 1-Phenylethane-
/% dehyde oxide acid 1,2-diol
5% Ni-VPO/TiO, 69.0 73.3 0 9.2 17.5
10% Ni-VPO/TiO, 92.0 72.0 1.8 10.1 15.0
15% Ni-VPO/TiO, 91.2 76.2 1.6 8.8 13.4
20% Ni-VPO/TiO, 89.0 77.0 1.7 9.7 10.2

Reaction conditions ; catalyst=0.094 g, styrene=0.015 mol, CH;CN=7.5 mL, 50 C, H,0,=0.03 mol, 6 h
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Table 3 Effect of different solvents on the styrene oxidation

Product selectivity/ %

Styrene
Solvent conversion Benzaldeh- Styrene Benzoic 1-Phenylethane-
Others
/% yde oxide acid 1,2-diol
Acetonitrile 91.2 76.2 1.6 8.8 13.4 —
Acetone 77.0 65.0 1.7 10.6 15.6 7.1
Methanol 44.0 45.4 — — 12.7 41.9
Ethanol 49.5 59.0 — 14.7 12.0 14.3

Reaction conditions; catalyst=0.094 ¢, styrene=0.015 mol, CH;CN=7.5 mL, 50 °C, H,0,=0.03 mol, 6 h
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Table 4 Effect of reaction time on the styrene oxidation
Styrene Product selectivity/ %
Time/h conversion Benzal- Styrene Benzoic 1-Phenylethane-
/% dehyde oxide acid 1,2-diol
1 15.0 99.0 — — trace
4 79.7 83.0 1.8 7.4 7.8
5 90. 1 80.4 1.6 8.0 10.0
6 91.2 76.2 1.6 8.8 13.4
9 9.4 75.6 1.5 9.9 12.9
12.5 95.6 71.0 1.7 12.8 14.5

Reaction conditions; catalyst=0.094 g, styrene=0.015 mol, CH;CN=7.5 mL, 50 °C, H,0,=0.03 mol, 6 h

xRS ARBENEZHEERN R EHIE

Table 5 Effect of different temperatures on the styrene oxidation

Product selectivity/ %

Styrene

T/%C conversion Benzal- Styrene Benzoic 1-Phenylethane-
/P dehyde oxide acid 1,2-diol

30 44.7 66.1 1.3 18.0 14.6

40 65 73.7 1.8 11.9 12.6

50 91.2 76.2 1.6 8.8 13.4

60 90.0 77.0 1.6 8.8 12.0

70 90.5 70.0 1.5 11.5 16.2

80 85 71.2 1.7 9.9 17.0

Reaction conditions; catalyst=0.094 g, styrene=0.015 mol, CH;CN=7.5 mL, 50 °C, H,0,=0.03 mol, 6 h
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Selective Oxidation of Styrene to Benzaldehyde

over Supported VPO Catalyst

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

Abstract; Supported nickel modified vanadium phosphate oxide (Ni-VPO) catalysts were prepared using different
supports such as MCM-41 | ZSM-5, y-Al,O; and TiO, and characterized by XRD, FT-IR and SEM spectroscopy.

The catalytic activity of oxidation of styrene to benzaldehyde was investigated. The results revealed that TiO, sup-

ported Ni-VPO catalyst was the most effective catalyst in comparison to other supported Ni-VPOs. Under the opti-

mal conditions, the conversion of styrene is 91.2% with 76.0% benzaldehyde selectivity. It is believed that TiO,

helps to disperse the active phase (VO),P,0, on the surface and prevents it to aggregate. Meanwhile, some reac-

tion may occur between TiO, and VPO.

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



