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Fig.3 The mechanism of sulfonation of toluene with sulfur trioxide
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Table 1 Effect of temperature on selectivity of isomers

Selectivity of toluene sulfonic acid esters, %

Temperature/C Yield of para-, %
ortho- meta- para-
18 10.33 0.64 89.03 68.37
285 10.06 0.80 89.14 69.63
38 9.76 0.91 89.33 72.68
48 9.36 0.94 89.70 74.78
58.5 9.36 1.07 89.57 80.95
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Table 2 Effect of mass concentration on selectivity of isomers

Selectivity of toluene sulfonic acid esters, %

Mass concentration, % Yield of para-, %
ortho- meta- para-
8.60 0.80 90.60 68.76
10.06 0.80 89.14 69.63
8 10.48 0.91 88.61 71.23
10 10.48 0.93 88.59 68.37
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Table 3 Effect of space molar ratio, velocity and storage time on selectivity of isomers

Selectivity of toluene sulfonic acid esters, %

Yield of para-, %

ortho- meta- para-
1.11 9.97 0.87 89.16 65.48
Molar ratio
(SOy/Toluene) 0.99 10.41 0.86 88.73 58.05
0.77 9.24 0.88 89.88 46.35
8 804 10.30 0.89 88.81 60.44
LHSV/N! 13 151 10.49 0.93 88.59 68.37
20270 10.36 0.97 88.68 68.36
4 0 10.41 0.86 88.73 58.05
The preservation 10 9.62 0.80 89.58 61.88
time/h
30 10.15 0.84 89.21 63.63
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Table 4 Effect of polarity of the solvent on selectivity of isomers

Selectivity of toluene sulfonic acid esters, %

Solvents
ortho- meta- para-
Polar solvent 10.06 0.80 89.14
(1,2-dichloroethane ) 10.48 0.93 88.59
Non-polar solvent 15.16 0.91 83.93
(1,1,2,2,-tetrachloroethane ) 15.42 0.91 83.67
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Table 5 Effect of p-toluene sulfonic acid in the raw material on selectivity

Selectivity of toluene sulfonic acid esters, %

ortho- meta- para-
Without p-toluenesulfonic acid 10.33 0.89 88.78
) 9.48 0.70 89.82

0.2% p-toluenesulfonic acid
9.67 0.71 89.62
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Fig.4 Autocatalytic mechanism
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Table 6 Effect of circulation of the solution of the product on selectivity of isomers

Selectivity of toluene sulfonic acid esters, %

ortho- meta- para-

First circulation mother solution 12.53 091 86.56
Second circulation mother solution 13.89 1.02 85.09
Final mother solution 12.64 0.97 86.39

First separated solid 458 0.48 94,94
Second separated solid 3.13 0.33 96.54
Third separated solid 3.25 0.36 96.39
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Study on the Sulfonation of Toluene with SO; in Microreactor

Chen Yanquanl‘z, Han Mei', Jiao Fengjun‘, Zhao Yuchao', Chen Guangwen1
(1.Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: In this paper, liquid-phase sulfonation of toluene with SO; has been studied as a target reaction.
For this reaction is fast and highly exothermic, microreactor bearing a high heat and mass transfer velocity
has been employed to improve the reaction performance and process controllability. The effects of the
process parameters for sulfonation of toluene with SO; have been investigated in a microreactor system,
such as the reaction temperature, the SO; concentration, the molar ratio of SO; to toluene, the liquid hourly
space velocity (LHSV), the preservation time of reaction mixture, the solvent polarity, and the times of
mother liquor recycling. The optimized reaction condition has been found as reaction temperature of 28 C,
LHSY of 13 000 h™' and several times of mother liquor recycling. Under the optimized reaction conditions,
the selectivity of para-toluenesulfonic acid and meta-toluenesulfonic acid in three mono-toluenesulfonic

acids have been obtained as 96.54% and 0.33%, respectively.

Key words: microreactor; sulfonation; toluene; liquid sulfur trioxide
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