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Fig. 1 Liquid-liquid heterogeneous oxidation of ethylbenzene

catalyzed by NHPI, CoSPc and TBAB
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Table 1 Effect of various volume ratios of water to ethylbenzene on the oxidation

Entry V(H,0)/ Conversion of Selectivity/ %
V( ethylbenzene ) ethylbenzene /% acetophenone  1-phenylethanol Total
1 2:1 17.1 75.8 3.9 79.7
2 3:1 30.5 60.4 6.0 66.4
3 4:1] 11.5 84.0 5.6 89.6
4 5:1 10.5 57.9 3.1 61.0
5 7:1 1.8 87.6 0.2 87.8
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Table 2 Effect of various molar ratios of TBAB to ethylbenzene on the oxidation

Conversion of

Selectivity/ %

Entry n(TBAB) = n(ethylbenzene) ethylbenzene /% acetophenone  1-phenylethanol Total
1 1:80 20.9 69.7 6.2 75.9
2 1:40 37.7 78.7 5.5 84.2
3 1:20 37.0 69.8 4.8 74.6
4 1:15 23.7 73.6 6.8 80.4
5 1:6.7 34.2 64.4 7.8 72.2
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5P FR R A 1 2 40 B (Entry 2) , LKA
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Table 3 Effect of various ratios of NHPI to ethylbenzene on the oxidation

Conversion of

Selectivity/ %

Entry n(NHPL) : n{ethylbenzene) ethylbenzene /% acetophenone  1-phenylethanol Total
1 1:40 9.5 84.1 9.5 93.6
2 1:20 37.7 78.7 5.5 84.2
3 1:10 47.3 76.9 4.0 80.9
4 1 38.1 78.0 5.4 83.4
5 1 31.4 83.7 7.3 91.0
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Table 4 Effect of various molar ratios of NHPI to CoSPc on the oxidation

Conversion of

Selectivity/ %

Entry n(NHPI) : n(CoSPc) ethylbenzene /% acetophenone  1-phenylethanol Total
1 60 : 1 34.3 81.3 4.4 85.7
2 40 : 1 39.4 82.8 3.5 86.3
3 27 : 1 43.0 85.9 3.5 89.4
4 24 -1 46.2 86.1 3.0 89.1
5 18 : 1 46.3 83.5 3.1 86.6
6 10 : 1 47.1 86. 1 2.9 89.0
7 6:1 38.9 87.4 3.8 91.2
8 3:1 33.6 88.1 3.9 92.0
9 1:1 13.9 92.1 7.4 99.5
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Table 5 Effect of temperature on the oxidation

Entry Temperature/°C Conversion of Selectivity/ %

ethylbenzene /% acetophenone  1-phenylethanol Total
1 80 15.3 89.0 4.4 93.4
2 90 32.2 85.8 4.5 90.3
3 100 39.9 89.5 4.2 93.7
4 110 46.2 86.1 3.0 89.1
5 120 47.3 83.1 2.9 86.0
6 130 38.4 80.9 2.5 83.4

2.6 ESENN ZEIEHBEL R RIT [ ) S8 U T R R AR SO B R A T AT B 48 I
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Table 6 Effect of O, pressure on the oxidation

Conversion of Selectivity/ %
Entry 0, pressure/MPa

ethylbenzene /% acetophenone  1-phenylethanol Total
1 0.10 12.9 84.6 15.1 99.7
2 0.30 34.1 85.1 7.1 92.2
3 0.50 43.7 86.6 3.5 90.1
4 0.75 47.9 82.6 3.2 85.8
5 1.00 46.2 86.1 3.0 89.1

AT B A e R R R P B, RN T AU R R A R T 128 LRk S
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Table 7 Effect of stirring rate on the oxidation

. Conversion of Selectivity/ %
Entry Stirring rate/rpm

ethylbenzene /% acetophenone  1-phenylethanol Total
1 150 28.8 82.3 5.9 88.2
2 250 45.2 81.5 3.9 85.4
3 350 47.9 82.7 3.2 85.9
4 450 37.2 85.9 3.9 89.8
5 550 39.6 89.7 4.2 93.9
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Table 8 Effect of reaction time on the oxidation

Conversion of

Selectivity/ %

Entry Time/h*

ethylbenzene /% acetophenone  1-phenylethanol Total
1 0.5 60.6 95.2 4.5 99.7
2 1 50.4 86.5 4.2 90.7
3 2 50.7 89.2 4.2 93.4
4 4 54.4 83.0 3.8 86.8
5 6 56.9 78.9 4.0 82.9
6 8 51.4 82.1 3.4 85.5

a. Data collected from different tests of various reaction time.
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Table 9 The investigation of deactivation of catalyst and decline of product selectivity

Selectivity/ %
Entry Conversion of ethylbenzene /%
acetophenone 1-phenylethanol Total
1" 73.3 86.0 3.9 89.9
2b 57.6 81.9 3.2 85.1

a. Another 0.5 h of reaction after addition of equal amount of NHPI base on 0.5 h of preliminary reaction.

b. Another 5 h of reaction after addition of acetophenone base on 0.5 h of preliminary reaction.
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An Environmentally Friendly Liquid-liquid Heterogeneous Oxidation of
Ethylbenzene catalyzed by NHPI, CoSPc and TBAB

ZHOU Yu-lu, LIN Sha-sha, XIA Dao-hong, XIANG Yu-zhi
(College of Science, State Key Laboratory of Heavy Oil, China University of Petroleum, Qingdao 266580, China)

Abstract: Water was inducted as a solvent of catalysts in the oxidation of ethylbenzene catalyzed by a combined
catalytic system consisting of NHPI and CoSPc, promoted by phase transfer catalyst TBAB. The present of water
formed a liquid-liquid heterogeneous system, in which, the most favorable reaction conditions were optimized, Ex-
perimental results showed that the reaction conditions of controlling the volume ratio of water to ethylbenzene to be
3 : 1, the molar ratio of TBAB to ethylbenzen to be 1 : 40, n( NHPI) : n(Ethylbenzene) = 1 : 10, n(NHPI) :

n(CoSPc) = 24 : 1, temperature = 110 °C, stirring rate 350 rpm, O, pressure 0.75 MPa, reaction time 0.5 h
were the most favorable, under which the conversion of ethylbenzene reached 60.6% , the selectivity of acetophe-
none and 1-phenylethanol reached 95.2% and 4.5% , respectively, and total products selectivity reached 99.7% .
The conversion of ethylbenzene could not be improved by prolonging reaction time, otherwise, the selectivity of ace-
tophenone decreased, empirical results indicated that the decomposition of NHPI took the blame of negative results
in the improving of ethylbenzene conversion, the selectivity decrease of acetophenone was the consequence of its’
over oxidation.

Key words: N-hydroxyphthalimide; cobalt sulfonated phthalocyanine; aerobic oxidation; ethylbenzene oxidation;

heterogeneous oxidation



