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308 i 2 KR 3 K 4 Table 3 Equilibrium constant of the alkylation
433, 15 8258 88 14 _78. 64 _83.19 reaction at different temperatures
453. 15 -82.42 -87.69 -78.56 -83.29 T/K K
473. 15 -82.20 -87.11 -78.42 -83.37 S 1 S Jii 2 SR 3 S Ji; 4
8 9 8 8
193,15 8193 _86.38  _78.24  _83.43 43315 5.77x10°  1.35x10° 1.53x10°  1.58 x10
8 8 7 7
513,15 _81.60 ~85.50 _78.02 _83.49 453. 15 2.10 x 10 4.58 x10 5.83 x10 5.69 x10
473.15  8.34x10"  1.72x10% 2.42x10"  2.24 x10’
1.2 AEARMNEETRENRMNSHETEAHEBE 493.15  3.58x107 7.02x10" 1.08 x10”  9.46 x 10°
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Table 2 The Gibbs free energy of the alkylation

reaction at different temperatures

AG/kJ-mol ™!
T/K

R 1 R 2 AR S 4
433.15 -60.45 -63.50 -55.66 -55.78
453. 15 -59.43 -62.37 -54. 60 -54.51
473. 15 -58.42 -61.26 -53.55 -53.24
493. 15 -57.42 -60.19 -52.50 -51.97
513.15 -56.43 -59.14 -51.46 -50. 69
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Table 4 The equilibrium composition and conversion for alkylation reactions at different temperatures
T/K . - . Xpspn X Xy ny X/ %"
433.15 0.2154 0. 5023 0. 057 0.1127 3.31x107° 0. 1127 1 100
453. 15 0.2222 0. 4848 0.0617 0. 1157 9.15x107° 0. 1157 1 100
473.15 0.228 0. 4698 0. 0661 0. 1181 2.32x107°8 0.1181 1 100
493. 15 0.2329 0.4574 0. 0701 0.1198 5.44 x10°% 0.1198 1 100
513.15 0.237 0. 4473 0.0739 0. 1209 1.19x1077 0. 1209 1 100
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Fig. 1  The product selectivity for alkylation

reactions at different temperatures
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Table 5 The equilibrium composition and conversion in alkylation reactions with different B/Bu molar ratios
TR I = L Tspp X NpR XpspB Xy Ty e X/%"  Dpsyp/% " Dppgy/% ™ Dpxgn/% *
2 0.1492  0.2816  0.0465 0.0113 0 0.5113 2 100 31.26 59. 00 9.74
4 0.0769 0. 1451 0.024 0. 002 0 0.752 4 100 31.26 58.98 9.76
6 0.0516  0.0973 0.0161 0. 0008 0 0. 8342 6 100 31.27 58.97 9.76
8 0.0388 0.0732  0.0121 0. 0004 0 0. 8754 8 100 31.27 58.98 9.75
10 0.0311 0. 0587 0.0097  0.0003 0 0.9003 10 100 31.26 58.99 9.75
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Fig.2 The selectivity to SBB and DSBB at

different B/Bu molar ratios
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Fig.3 The selectivity to TBB and NBB at

different B/Bu molar ratios
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Table 6 The equilibrium composition and conversion in alkylation reactions with different percentages of butane

The/ T i " Ssgs/ Stes/ Swes/  Spses”
- Xspp XrpR XNBB XpseB Xpy x(CHy) ny x/%°
Wy I A L %™ % % %
0 0.237 0.4473 0.0739 0.1209 1.2 x1077 0. 1209 0 1.0 100 23.7 44.73 7.39 24.18
0.2 0.1975 0.3727 0.0616 0.1008 0 0. 1008 0. 1667 1.2 100 23.7 44.72 7.39 24. 19
0.4 0.1693 0.3195 0.0528 0.0864 0 0. 0864 0.2857 1.4 100 23.7 44.72 7.39 24.19
0.6 0.1481 0.2795 0.0462 0.0756 0 0.0756 0.375 1.6 100 23.7 44.72 7.39 24. 19
0.8 0.1317 0.2485 0.041 0.0672 0 0. 0672 0. 4444 1.8 100 23.7 44.73 7.38 24.19
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Thermodynamic analysis of the alkylation of benzene with 2-butylene

WANG Ying' ZHANG LiXin®> ZHANG Jie' LI YingXia' HUANG ChongPin'

(1. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029 ;

2. Liaoning Petrochemical Vocational and Technology Collage, Jinzhou Liaoning 121001, China)

Abstract; Thermodynamic calculations for the alkylation of benzene with 2-butylene have been carried out and ana-
lyzed in detail. The thermodynamic data for the alkylation reaction including enthalpy, Gibbs free energy, and e-
quilibrium constant of reaction at different temperatures have been calculated. The effects of varying the tempera-
ture, molar ratio of benzene/2-butylene and an impurity ( butane) on the thermodynamic equilibrium of the alkyla-
tion reaction have been studied. The results show that the reaction producing tert-butylbenzene is the preferable one
at equilibrium in the reaction system. The selectivity to sec-butylbenzene at the thermodynamic equilibrium can be
improved by raising the temperature and increased molar ratios of benzene/2-butylene lead to an increase in selec-
tivity to di-butylbenzenes. It was confirmed that butane, a likely impurity in the raw materials, had no influence on
the alkylation reaction.

Key words: benzene; 2-butylene; alkylation; thermodynamic analysis



