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Abstract: Supported VPO catalyst was prepared by impregnation method. and the effect of preparation condi-
tions such as support, reductant - P/V molar ratio and V3205 loading on the catalytic performance of VPO for
toluene ammoxidation was investigated- VPO supported on SiO2 with large surface area showed stable catalytic
performance even at high temperature- After a period of reaction, the activity of catalysts prepared by using dif -
ferent reductants became similar, indicating that the active centers were formed under reaction atmosphere- P/vV
molar ratio had a great influence on the structure and performance of the catalyst- The crystal structure of V205
was destroyed sharply, and P—O~P together with V7"OP species segregated on the catalyst surface with the
addition of P the active adsorbed oxygen species O and Oz for deep oxidation were removed, which resulted in
the increase of the selectivity for benzonitrile but decrease of the catalytic activity - The activity of VPO was im~
proved while the selectivity for benzonitrile decreased with the increase of V205 loading- It could be proposed
that the monolayer VO, species on catalyst surface were the active and selective sites for toluene ammoxidation-
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Table 1  Physico-chemical properties and catalytic performance of different catalyst samples for toluene ammoxidation

, Crystal structure o Toluene Selectivity for
Catalyst 4 /(mZ/g) n<P)/ () of support v t/h conversion ( %) benzonitrile ( %)

VPO/SiO0> 554.0 1.2 amorphous 400 12 81.2 83.6
440 12 87.0 94.5

480 12 99.5 79.6

VPO/7-Al203 216.0 1.2 Y-Al203 400 12 93.4 91.2
440 12 95.5 72.7

480 12 98.8 65.4

VPO/TiO: 6.5 1.2 anatase 400 12 70.3 46.9
440 12 75.5 65.6

480 12 84.6 61.3

w (V205) of VPO is 12. 5% and the reductant used in catalyst preparation is NH2OH «HCI- Crystal structure was determined by XRD-

The same below- exeept noted specially -
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Table 2 Catalytic performance of different VPO/Si0z catalyst
samples prepared by using different reductants for

toluene ammoxidation

2 (P) 0 . TnluerAle SelectiViAtyAfnr

Reductant o - conversion  benzonitrile
) ©h (%) %)
HCl 1.2 420 0~2 60.5 70.6
4~6 90.5 83.2
10~12 95.6 88.7
H2C2042H20 1.2 420 0~2 72.8 75.0
4~6 85.5 84.5
10~12 94.4 85.7
NHzOH-HCl 1.2 420 0~2 80.3 89.6
4~6 98.2 87.5
10~12 95.3 90.2
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Fig 1 XRD patterns (a) and IR spectra (b) of VPO catalyst

before (1) and after toluene ammoxidation (2)
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Table 3 Physico-chemical properties and XPS results of VPO catalysts with different P/V molar ratios

n(P) XPS result
- Color Crystal structure Bond on surface -
n(V) Ep(0 15)/eV  Ey(P2p)/eV EL(V 2p)/eV n(P)/ n(V) AV
0 orange V205 V=0 and VOV 530.4 — 517.5 0 +4.97
0.4 black green B-voPO(minor), «VOPO, V7O P and PO P 531.1 133.5 517.8 0.61 +4.33
and (VO)2P207

1.0 light blue ¢ VOPO.(minor) and (VO)2P207 orthophosphate P—0 531.5 133.7 517.3 2.11 +3.97
1.4 deep blue amorphous pyrophosphate PO - - - - +3.85
2.0 green amorphous triphosphate P—0 531.9 134.2 517.4 3.36 +3.65
3.0 grass green amorphous metal phosphate P—0 532.0 134.4 517.1 6.95 +3.40

Vanadium valence in VOPOyis 15, and that in (VO)2P207is T4. Vanadium ion on the catalyst surface is V7. The bond on the surface

was determined by IR- AV ~ Average oxidation numbers of vanadium ions-
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