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Fig.1 XRD spectra of SiO,-Al,0; composite oxide and VO, /SiO,-

AL O; series catalysts
(a. Si0,-AL,O5; b. 3%V0,/Si0,-AL,05; c. 4%V0,/Si0,-Al,0;;
d. 5%V 0, /Si0,-AL,0,)
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(SEM: a. Si0,-ALO; b. 3%V0,/Si0,-ALO; c. 4%V0,/8i0,-AL0s: d. 5%V0,/8i0,-AL0s; e. 4%V0,/Si0,-AL0; after the reaction;

TEM: a. Si0,-AlL,05; b. 3%V0,/Si0,-Al,05; c. 4%VO0,/Si0,-Al,05; d. 5%V0,/Si0,-Al,05; e. 4%V0,/Si0,-Al,0; after the reaction)
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Fig.3 Mapping photos of 4%V 0, /Si0,-Al,0; catalyst



sl ZEFEAR: VO,/SI0,-ALO, fEAHIMEAC AT REAL A ) 443

—_— 2

S, per = 28.5 em’/g
b, BET = 26.4 cm’Y, g

—8— b

,,_.{,z
-

1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/P,)

)

Adsorption Volume (cm*+g™', STP)

0.008

0.007 L
0.006
0.005 L
0.004 L
0.003

0.002 ||

Dv/Dw Pore Volume / (cm’*+g™")

0.001 L

0.000 1 1
0 20 40 60 80

Pore width / nm

K4 Si0,-ALOy =B AN 4%V 0, /510, ALO HEALTH G N, W /i I8 Sl 2 A FLAR oA 141
Fig.4 N, adsorption/desorption isotherms and pore size distribution of Si0,-Al,0; composite oxide and 4%V 0,/ Si0,-Al,0; catalysts
(Si0,-AL,04(a), 4%V0,/Si0,-AL,0, (b), Si0,-AL,05(a" ), 4%V 0, /Si0,-AL,0,(b"))
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Fig.5 XPS spectra of VO,/Si0,-Al,05 series catalysts
(3%V0,/Si0,-Al,05(a), 4%V 0, /Si0,-Al,04(b), 5%V 0, /Si0,-Al,04(c) )
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Fig.6 NH;-TPD and FT-IR spectra of SiO,-Al,0; composite oxide and VO, /SiO,-Al,0O; series catalysts
(Si0,-AL05(a), 3%V 0, /Si0,-Al,0,4(b), 4%V 0, /Si0,-Al,05(c), 5%V 0, /Si0,-Al,0,(d) )
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Table 1 Activity of different catalysts for hydroxylation of benzene

Catalysts Benzene conversion/% Phenol selectivity/% Phenol yield/%

Si0,-AlL0;4 5.6 9.1 0.5
V,05 23.1 91.1 21.0

2%V 0, /Si0,-Al,0; 24.8 98.1 24.3
3%V 0,/Si0,-Al,0, 31.1 98.5 30.6
4%V 0,/5i0,-A1,0, 48.1 99.6 47.9
5%V 0,/5i0,-Al,0, 48.0 99.3 47.6
6%V 0,/5i0,-Al,0, 36.1 97.1 35.7

Reaction condition: 0.2 g catalyst,4 mL benzene, 30% H,0, 12.5 mL, 15 mL acetonitrile, T=70 °C, t=6 h
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Fig.7 The Cycle stability of the catalyst
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Catalytic Hydroxylation of Benzene to Phenol with
VO0./Si0,-Al,O; Catalyst

LI Gui-xian, LI Yan-wei, LI Han-xu, QI Jian-jun, ZHANG Jun-qiang, DONG Peng’
(School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Si0,-Al,0; composite oxide was synthesized by silica sol and sodium metaluminate and VO,/Si0,-Al,0;

catalyst was synthesized by hydrothermal method using Si0,-Al,0; composite oxide as support. The samples were
characterized by XRD, SEM, TEM, XPS, NH;-TPD and N, physical adsorption/desorption. The results of XRD, SEM
and TEM showed that the active center vanadium was highly dispersed on the surface of Si0,-Al,0; composite oxide.
By XPS and NH;-TPD characterization, it was found that when the content of vanadium was 4%, the content of v
in the catalyst reached the maximum and the total acid content was relatively moderate. The catalytic performance
of VO,/Si0,-Al,05 catalyst for hydroxylation of benzene to phenol was investigated. Compared with other catalysts,
the results showed that the 4%V 0,/Si0,-Al,0; catalyst showed good catalytic performance, that is, the conversion of
benzene was 48.1% and the selectivity of phenol was 99.6%, which was based on a high dispersed active center, the
largest content of V* and moderate acidic environment of the carrier in 4%V0,/Si0,-Al,0, catalyst.

Key words: VO,/Si0,-AlL,0; catalyst; benzene; phenol; hydroxylation
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