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Effect of Promoters on the Catalytic Activity of MCM-41 with
High Copper Content in Benzene Hydroxylation
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Abstract Cu-MCM-41 with a high copper content up to 26.0% showed excellent catalytic activity in the direct
hydroxylation of benzene with hydroperoxide. The effects of various kinds of heteroatoms on the catalytic activi-
ty were studied. The introduction of a small amount of acidic promoters such as B and Al can enhance phenol se-
lectivity to 100 % . Some redox promoters such as V and Cr increase the conversion of benzene slightly whereas
other elements such as Ti and Zr inhibit the catalytic activity of catalysts. The reasons for these influences were
briefly discussed according to the radical mechanism.
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Fig 1 XRD patterns of Cu-MCM-41 catalysts with .
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The catalysts are named *M20Cu where x refers to M Si molar 2 20Cu N,

ratio=x 100 in the raw materials and number 20 means Cu Si mo-

lar ratio=20 100.

Fig 2 Nitrogen adsorption-desorption isotherms a and pore

size distribution b of the 20Cu sample
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Table 1 ICP measurement results of the catalysts 100%
Catalyst 100Xxn M n Si 100X n Cu n Si
20Cu 0 16.93
1B20Cu 0.80 17.80 3 B Al Ga Cu-MCM-41
1A120Cu 1.20 17.92
1Ga20Cu 0.73 18.76 Table 3 Catalytic activity of Cu-MCM-41 catalysts with
1Cr20Cu 0.62 15.05 different B Al and Ga contents
~ S %
1V20Cu 0.98 17.62 Cotalyst X % 0 ‘ Y %
17n20Cu 0.78 13.79 Phenol  Catechol Hydroquinone
1Co20Cu 0.74 14.21 0.5A20Cu  47.5  82.5  17.5 0 39.2
12:20Cu 0.54 16.45 0.75A120Cu  36.6 84.1 15.9 0 30.8
1Ti20Cu 0.65 14.41 1A120Cu 33.0 100 0.0 0.0 33.0
0.5B20Cu 33.4 79.3 20.7 0 26.5
0.75B20Cu 31.6 82.6 17.4 0 26.1
2.2 1B20Cu  20.7 100 0 0 20.7
2 Cu- 1Ga20Cu 38. 0 76.8 23.2 0 29.2
1.25Ga20C 31.1 80.2 19.8 0 24.9
MCM-41 o
Reaction conditions are the same as in Table 2.
B Al Ga 3 20Cu  1AIR0Cu H,-TPR
B Ga H,-TPR 3
Al H,-TPR 20Cu
2 1M-20Cu-MCM-41
Table 2 Catalytic activities of 1M-20Cu-MCM-41 samples
S %
Catalyst X % — ‘; - Y % Cu
‘atec ¢ .
eno atechol ydroquinone Tuel 13 B Al Ga
20Cu 52.9 58.9 18.4 22.7 31.2 ]
1B20Cu 20.7 100 0.0 0.0 20.7 Si MCM-41
1AI20Cu 33.0 100 0.0 .0 33.0 B Al Ga
1Ga20Cu 38. 0 76.8 23.2 .0 29.2 4
1Cr20Cu 61.0 51.7 19.7 28.6 31.5 .
1V20Cu 56.1 44.9 21.5 33.6 25.2 B Al Ga NHS_TPD
1Z020Cu  49.5  54.6 21.3 34.1 27.1 B Al Ga Cu-MCM-41
1Sn20Cu 51.9 58.3 23.2 18.5 30.3 NH3 230 ~260 C
1Co20Cu 22.7 63.6 13.9 23.0 14.4 .
~ [ 1B2 1Ga2
1Z20Cu 18.8 100 0.0 0.0 18.8 330 =360 © 0Cu Ga20Cu
1Ti20Cu 4.5 100 0.0 0.0 4.5
Reaction conditions 7 benzene n H,O, =1 3 benzene B> Ga. 1A120Cu

4 ml catalyst0.1 g 65T 2.5h.
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