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Table 1 Selected IR data for MP, W,;Mo,and P, W,s Mo, O,

Compound v,.(P-0,) v,,(M=0,) v,,(M-0,-M) v,,(M-0_-M)
FeP, W Mo, 1 086, 1 009 948 . 914 782 597, 563
MnP, W,s Mo, 1084,1053,1014 940 814 718, 598
NiP, W 5 Mo, 1 083, 1 009 942 915 819 714 | 598
ZnP, W sMo, 1083,1055,1014 940, 918 815 715, 598
CoP, W 5 Mo, 1084,1059, 1010 941, 916 810 714 | 598
AlP, W, Mo, 1089, 1016 951, 918 794 596
MgP, WMo, 1083,1045, 1015 937 815 722 . 600
CuP, W 5 Mo, 1083,1057,1017 834 701, 598
P, W s Mo, O, 1083,1045, 1015 937, 886 812 722, 599
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Table 2 Effect of catalysts on oxidation of benzyl alcohol

Entry Catalyst Conversion of benzyl alcohol (% ) Selectivity of benzaldehyde (% )
] ZnP,W Mo, 62.5 95.2
2 MnP, W s Mo, 55.7 98.7
3 CoP, W s Mo, 61.6 92.5
4 NiP, W s Mo, 57.7 94.4
5 FeP, W - Mo, 50.5 97.5
6 CuP, W s Mo, 12.6 95.8
7 MgP, W s Mo, 65.5 96.3
8 AIP,W Mo, 46.5 91.9
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Table 3 The factors and levels of orthogonal test

Factor
Level (A) T (C) (B) t (h) (C) V(H,0,) (mmol) (D) Cat (E) Cat (pmol)
1 100 8 19.58 ZnP, W s Mo, 0.5
2 90 7 24.48 MnP, W s Mo, 1.0
3 80 64.89 CoP, W,sMo, 1.5
4 70 9 9.79 NiP, W s Mo, 2.0
5 110 10 14. 69 MgP, W s Mo, 2.5
RAIRBARRER
Table 4 Experimental methodology and results
Exp. No. Factor-level Methodology Conversion (% )  Selectivity (% )
B C D E Empty
1 1 1 1 1 1 1 A, B,C,DE, 54.2 99.8
2 1 2 2 2 2 2 A,B,C,D,E, 63.2 99.1
3 1 3 3 3 3 3 A, B;C;D5E, 62.9 96. 4
4 1 4 4 4 4 4 A, B,C,D,E, 86.2 97.7
5 1 5 5 5 5 5 A, B;CsD;E; 91.0 97.5
6 2 1 2 3 4 5 A,B,C;D,E; 77.3 89.7
7 2 2 3 4 5 1 A,B,C;D,Ey 64.3 97.8
8 2 3 4 5 1 2 A,B,C,D;E, 40.9 93.0
9 2 4 5 1 2 3 A,B,CsDE, 65.6 91.3
10 2 5 1 2 3 4 A,BsC,D,E, 65.9 93.8
11 3 1 3 5 2 4 A,B,C,DsE, 42.9 94.9
12 3 2 4 1 3 5 A;B,C, D\ E; 35.1 93.4
13 3 3 5 2 4 1 A;B;CsD,E, 45.6 95.5
14 3 4 1 3 5 2 A,B,C,D;E; 61.5 89.0
15 3 5 2 4 1 3 A,B;C,D,E, 28.3 87.8
16 4 1 4 2 5 3 A,B,C,D,E 41.0 97.9
17 4 2 5 3 1 4 A,B,C;D,E, 15.6 98.8
18 4 3 1 4 2 5 A,B,C,D,E, 23.2 99.7
19 4 4 2 5 3 1 A,B,C,D,E, 37.2 99.3
20 4 5 3 1 4 2 A,B;C;D,E, 45.0 98.9
21 5 1 5 4 3 2 A;B,C;D,E, 70.6 100.0
22 5 2 1 5 4 3 A;B,C,D;E, 74.1 97.9
23 5 3 2 1 5 4 A;B,C,D,E; 79.1 93.6
24 5 4 3 2 1 5 A;B,C;D,E, 40.3 99.3
25 5 5 4 3 2 1 A,B;C,D;E, 67.9 99.7
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Table 5 Results of orthogonal test and analysis

Factor
A B C D E Empty
Conversion K, 357.5 286.0 278.9 279.0 179.3 269.2
K, 314.0 252.4 285.1 256. 1 262.8 281.2
K, 213.3 251.8 255.4 285.2 271.7 271.9
K, 162.0 290.7 271.0 272.6 327.4 289.6
K 332.1 298.0 288.4 286.0 336.9 266.9
k, 71.5 57.2 55.8 55.8 35.9 53.8
k, 62.8 50.5 57.0 51.2 52.6 56.3
k, 42.7 50.4 51.1 57.0 54.3 54.4
k, 32.4 58.2 54.2 54.5 65.5 57.9
ks 66.4 59.6 57.7 57.2 67.3 53.4
R 195.5 46.2 33.0 30.0 157.6 22.7
Order of factors AEBCD
Optimum method A E;B,D,C;
Selectivity K,' 490.5 482.3 480.3 477.0 478.17 492.2
K,’ 465.5 486.9 469.5 485.6 484.17 480. 1
K,’ 460.5 478.2 487.3 473.6 482.8 471.2
K,’ 494.7 476.6 481.6 482.9 479.7 478.7
Ky’ 490. 6 477.17 483.0 482.6 475.7 479.6
k,’ 98.1 96.5 96. 1 95.4 95.7 98.4
k,’ 93.1 97.4 93.9 97.1 96.9 96.0
k;’ 92.1 95.6 97.5 94.7 96.6 94.2
k,’ 98.9 95.3 96.3 96.6 95.9 95.7
ks’ 98.1 95.5 96.6 96.5 95.2 95.9
R’ 34.2 10.3 17.8 11.9 9.0 20.9
Order of factors ACDBE
Optimum method A,GD,B,E,
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Study of Selective Oxidation of Benzylalcohol to Benzaldehyde
over Metal-substituted the Lacunary Dawson-type
Molybdotungstophosphoric Compounds

HU Dong-cheng" *, LI Gui-xian'*, WANG Xiao-ning', NIE Xiao-yan®, SI Hai-juan', CHEN Xing-wei'
(1. College of Peirochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070, China;
3. Academe of Gansu Chemical Engineering, Lanzhou 730070, China)

Abstract; A series of metal-substituted lacunary Dawson-type molybdotungstophosphoric compounds MP, W s Mo,
(M =Co, Ni, Cu, Zn, Fe, Mn, Mg, Al)were synthesized. The catalyzed oxidation of benzylalcohol to benzalde-
hyde in water-benzylalcohol biphasic system, using hydrogen peroxide aqueous solution as oxidant, has been inves-
tigated in detail. The orthogonal test of catalytic oxidation of benzylalcohol has proved that MgP, W,; Mo, was the
best catalyst and the optimum reaction condition was also confirmed.

Key words: Heteropoly compound; Catalysis; Oxidation; Benzyl alcohol; Benzaldehyde



