22

2005 1 CHINESE JOURNAL OF APPLIED

Vol. 22 No. 1

CHEMISTRY Jan. 2005

a

‘ 524048
4 H, MPMo,, V, 0, -
H,0,/C,H,
4
n H,0, /n CgHy =1.5 m CsHy /m
70 C 50% 98%
0643 TQ243. 1 A
80
1 2~5
1
50% 98%
1
1.1
H,PMo,,V,0,,- xH,0 7
30% H,0,
Nicolet-5DX Fourier KBr
190 ~400 nm D/max-yB
100 mA Hitachi-600
1.2
8
M Ac ,- sH,0 M=Co Ni Cu Zn
4 ~5
H,CoPMo,,V,0,,- 7H,0 H;NiPMo,,V,0,- 5H,0
V,04- 6H,0 CoPMo,, V,
85% IR UV XRD Keggin
ZnPMo,,  ZnPMo, V
ZnPMo,,V,
2004-03-05 2004-06-10
20261003
1957 E-mail xiaoboshi@ jxnu. edu. cn

xH,0 M =Co** Ni** Cu’* Zn’*

=25 2 h

1000-0518 2005 01-0019-05

56

4
Keggin
4 000 ~450 cm ™' Shimndzu UV-268
X Cu 40 kV
1.05:1.0
30 min
24 h
H, CuPMo,,V,0,,- 6H,0  H,;ZnPMo,,-

NiPMo,,V, CuPMo,,V, ZnPMo,,V,
<50 nm
CoPMo,, V, NiPMo,,V, CuPMo,,V,



20 22

1.3
30% H, 0,
XE-60
2
2.1
1 1
Nomiya
Louis
V  Alekar - UV-VISDRS ESR
H202
0 OH oH 0 N
Ny om0 N o—on Ny 0—0H 0 N
4 /| 7l /|
O H
0} 0 0 / \Jr//\\
IO INE K P, Y
+
Ny NV >© v Ny
7| 71w 71H 4
O H
SNy OH
0 (0]
Ny N
Vv — O] +
7| 7|
1 .
Table 1 Catalytic activity of different catalyst for benzene hydroxylation
ZnPMo,, ZnPMo,, V CoPMo, V, NiPMo, V, CuPMo,, V, ZnPMo,,V,
Conversion of CgHg/% 18.8 39.2 52.6 34.6 ** 53.7 35.4 55.8 35.6 52.2 34.0
Selectivity of CgHsOH/ % 8.6 97.5 98.0 96.8 98.5 97.5 98.2 97.2 98.6 96.4
Yield of CgHsOH/% 1.62 38.2 51.5 33.5 52.9 34.5 54.8 34.6 51.5 32.8
*n H,0, /n C¢Hy =1.5 m C4Hg /m catalyst =25 solvent water (=70 C Time 2 h.
* " result of no nano catalyst.
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Table 2 Effect of molar ratio of H,O, to benzene on benzene hydroxylation

n H,0, /n CgHg 0.25 0.5 1.0 1.5 2.0 3.0

CoPMoV, Conversion of CyHy/ % 8.9 27.4 45.2 52.6 53.7 54.9
Selectivity of CcHsOH/ % ~ 100 ~ 100 98.6 98.0 93.3 75.4

Yield of C¢HsOH/% 8.8 27.3 44.5 51.5 50.1 41.4

NiPMoV, Conversion of CgHg/% 9.4 30.2 48.9 53.7 55.8 56.3
Selectivity of C¢HsOH/ % ~100 ~100 99.0 98.5 89.5 78.4

Yield of C4HsOH/% 9.3 30.0 48.4 52.9 49.9 44.1

CuPMoV, Conversion of CgHg/% 10.2 32.8 49.8 55.8 56.3 57.5
Selectivity of CcHsOH/ % ~ 100 ~ 100 98.8 98.2 90.4 80.2

Yield of C¢HsOH/% 10.1 32.5 49.2 54.8 50.9 46. 1

ZnPMoV, Conversion of C4Hg/% 7.6 26.8 46.3 52.2 54.2 55.9
Selectivity of CcHsOH/ % ~ 100 ~ 100 99.0 98.6 91.2 82.0

Yield of CaHsOH/ % 7.5 26.6 45.8 51.5 49.4 45.8

Reaction conditions are the same as those in Table 1.
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Table 3 Effect of reaction medium on benzene hydroxylation
Solvent water alcohol acetonitrile acetone cyclohexane
CoPMoV, Conversion of C¢Hg/% 52.6 37.4 35.2 13.7 6.5
Selectivity of CqHsOH/ % 98.0 93.4 96.3 90.4 93.6
Yield of C¢HsOH/ % 51.5 34.9 33.9 12.4 6.1
NiPMoV, Conversion of CsHg/% 53.7 38.2 38.9 15.8 12.3
Selectivity of CqHsOH/ % 98.5 90.5 92.2 94.5 89.0
Yield of C¢HsOH/ % 52.9 34.6 35.9 14.9 10.9
CuPMoV, Conversion of CsHg/% 55.8 42.8 39.8 26.3 17.5
Selectivity of C¢HsOH/ % 98.2 92.1 94.8 90.4 90.2
Yield of CcH5OH/ % 54.8 39.4 37.7 23.8 15.8
ZnPMoV, Conversion of C¢Hg/% 52.2 36.3 32.2 14.2 8.9
Selectivity of CgHsOH/% 98.6 95.4 96.8 91.2 92.0
Yield of CcH5OH/ % 51.5 34.6 31.2 12.9 8.2

Reaction conditions are the same as those in Table 1.
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Table 4 Effect of reaction temperature on benzene hydroxylation
t/°C 40 50 60 70 80
CoPMoV, Conversion of C¢H¢/% 22.6 37.4 45.2 52.6 76.5
Selectivity of CqHsOH/ % ~ 100 ~100 99.0 98.0 63.6
Yield of CcH5OH/ % 22.5 37.2 44.7 51.5 48.6
NiPMoV, Conversion of C4Hg/% 23.8 38.9 48.1 53.7 68.3
Selectivity of CqHsOH/% ~100 ~100 98.8 98.5 61.0
Yield of C¢HsOH/ % 23.7 38.7 47.5 52.9 41.6
CuPMoV, Conversion of C¢Hg/% 25.8 42.3 49.8 55.8 77.5
Selectivity of C¢HsOH/ % ~100 ~100 98.6 98.2 60.2
Yield of C¢HsOH/ % 25.7 42.2 49.1 54.8 46.6
ZnPMoV, Conversion of CsHg/% 22.0 36.6 42.9 52.2 68.9
Selectivity of CqHsOH/ % ~100 ~ 100 99.0 98.6 62.0
Yield of CcH5OH/ % 21.9 36.4 42.4 51.5 42.7
Reaction conditions are the same as those in Table 1.
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Table 5 Effect of reaction time on benzene hydroxylation
Reaction time/h 0.5 1.0 2.0 3.0 4.0 6.0
CoPMoV, Conversion of CsHy/ % 12.6 33.4 52.6 63.7 76.5 87.2
Selectivity of CoHsOH/ % ~100 ~100 98.0 78.4 63.4 43.7
Yield of C¢HsOH/% 12.5 33.2 51.5 49.9 48.5 38.1
NiPMoV, Conversion of CgHg/% 14.2 37.5 53.7 65.6 72.9 89.4
Selectivity of CoHsOH/ % ~100 ~100 98.5 78.5 65.0 50.6
Yield of C4HsOH/ % 14.1 37.3 52.9 51.5 47.4 45.2
CuPMoV, Conversion of CgHg/% 25.4 40.2 55.8 76.0 85.2 90.2
Selectivity of CeHsOH/ % ~ 100 ~ 100 98.2 68.5 50.7 35.3
Yield of CgHsOH/ % 25.3 40.0 54.8 52.0 43.2 31.8
ZnPMoV, Conversion of CqHg/% 15.2 32.8 52.2 59.6 68.9 77.3
Selectivity of CqHsOH/% ~100 ~100 98.6 81.8 62.5 48.6
Yield of CoH5OH/% 15.1 32.6 51.5 48.7 43.0 37.6
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Hydroxylation of Benzene into Phenol Catalyzed by
Nano-heteropolymolybdovanadophosphates

SHI Xiao-Bo” MO Chun-Sheng” LI Chun-Gen’
“Department of Chemistry Zhanjiang Normal College Zhanjiang 524048
"College of Chemistry Jiangxi Normal University Nanchang

Abstract Four nano heteropolymolybdovanadophosphates H, MPMo,,V,0,,- «H,0 M =Co’* Ni** Cu’"
Zn’"  were synthesized by solid-state reaction at room temperature. The catalytic activity of the nano hetero-
poly compound catalysts for the hydroxylation of benzene to phenol with H, 0O, and the effects of reaction condi-
tions were studied. The experimental results show that the yield of phenol was over 50% and the selectivity for
phenol was over 98% under the optimum conditions i.e. H,0,/C4H, molar ratio =1.5 C4H,/ catalyst

mass ratio =25 reaction time 2 h temperature 70 °C. The four nano catalysts exhibited high activity for
the hydroxylation of benzene to phenol.

Keywords benzene hydroxylation phenol nano heteropoly compound



