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Abstract: Biodiesel with high boiling point and low viscosity was used as the absorbent of non-polar volatile organic compounds
(VOC:s). In this contribution, toluene, tetrachloroethylene, styrene, and chlorobenzene were taken as the representatives of VOCs,
and the absorption experiments were taken under different partial pressures and different absorbtion temperatures. The toluene
absorption capacity of biodiesel was increased proportionally as the initial concentration increased. Temperature was a sensitive
factor of absorption, and the increased temperature would lead to the decreased absorption capacity. Compared to mineral oil and
water for toluene absorption, the toluene capacity of biodiesel was much higher when the absorption performed under the same
concentration and temperature. In addition, the results also showed that the capacity order of four VOCs by biodiesel was styrene
(55.17mg/g) > chlorobenzene (27.75mg/g) > tetrachloroethylene (29.46mg/g) > toluene (11.93mg/g). The solubility data were
calculated according to the UNIFAC model. The average relative error was 3.37%, indicating that this model was not only in good
agreement with the experimental data but also could effectively predict the VOCs absorption property of biodiesel. Furthermore, the
thermodynamics of four VOCs solubility in biodiesel were also investigated, including infinite dilution activity coefficient, Henry
coefficients, AG. AH and AS.
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Table 2 Antoine parameters of different VOCs

Hor A B C
R 16.0137 3096.52 -53.67
L 16.1642 3259.29 -52.15
KL 16.0193 3328.57 -63.72
SR 16.0676 3295.12 -55.60
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Table 3  Group division of UNIFAC model
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Table 4 Group volume and surface area parameters of

UNIFAC model

F[H] Ry Ok
CH; 0.9011 0.848
CH; 0.6744 0.540
CH=CH 1.1167 0.867
CH,COO 1.6764 1.420
ACH 0.5313 0.400
ACCH; 1.2663 0.968
Cc=C 0.6605 0.485
CI(C=C) 0.7910 0.724
CH,=CH 1.3454 1.176
AC 0.3652 0.120
ACCI 1.1562 0.844

%5 UNIFAC REEFMBERERESH
Table 5 UNIFAC group interaction—energy parameters

JE ] CH; CH, CH=CH CH,COO ACH ACCH;3 C=C CI(C=C) CH,=CH AC ACCI
CH3 0 0 86.02 232.1 61.13 76.5 86.02 —-4.189 86.02 61.13 11.44
CH, 0 0 86.02 232.1 61.13 76.5 86.02 —-4.189 86.02 61.13 11.44
CH=CH -35.36 -35.36 0 35.87 38.81 38.81 0 ~66.46 0 38.81 100.1
CH,COO 114.8 114.8 132.1 0 85.84 -170 132.1 —275.2 132.1 85.84 442.4
ACH -11.12 -11.12 3.446 5.994 0 167 3.446 0 187
ACCH3 -69.7 -69.7 -113.6 5688 -146.8 0
C=C -35.36 -35.36 0 37.85 0 ~66.46
CI(C=C) 47.41 47.41 124.2 611.3 124.2 0
CH,=CH -35.36 -35.36 0 37.85 38.81 0 38.81
AC -11.12 -11.12 3.446 5.994 0 3.446 0
ACCI 106.8 106.8 70.32 -171.1 -97.27 0
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Fig.1 Absorption curves of toluene in different absorbents
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Fig.2 The absorption performance of toluene at different

imported initial concentrations
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Table 6 The relative error between the calculated value of the

UNIFAC model and the experimental value

HEK)  Co(mg/m’) P(kPa) Xexp Xl RD(%)
303.15 5000 0.122 0.036965 0.037932 2.62
333.15 5000 0.122 0.009970 0.010089 1.19
353.15 5000 0.122 0.004516 0.004809 6.49
303.15 8000 0.196 0.061320 0.060416 1.47
333.15 8000 0.196 0.015622 0.016172 3.52
353.15 8000 0.196 0.007765 0.007729 0.46
303.15 10000 0.244 0.078433 0.074796 4.64
333.15 10000 0.244 0.018771 0.020104 7.10
353.15 10000 0.244 0.009900 0.009619 2.84
ARD(%) 3.37
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Table 7 The relative error between the calculated value of the

UNIFAC model and the experimental value

My WEEK) Comgm’) PkPa) ey Xl  RD(%)
W LM 303.15 5000 0.068 0.035199 0.035391  0.55
KM 303.15 5000 0.116 0.135712 0.141499 4.26
AKX 303.15 5000 0.098 0.068045 0.070123 3.05
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Table 8 Infinite dilution activity coefficient and Henry
Coefficient of four VOCs in biodiesel

AE 414 303.15K 313.15K 323.15K 333.15K 343.15K 353.15K
Tu4
LI

7. M 07029 0.7033  0.7036  0.7039  0.7041 0.7042
A 06493 0.6521 0.6545 0.6565 0.6582 0.6597
2K 0.6494 0.6521 0.6546  0.6568 0.6589 0.6609
U
A

H;, ZEZM 0779 1360 2276 3.666 5706  8.612
A 1363 2295 3716 5.810 8.803 12.968
2K 3174 5143 8.039 12167 17.898 25.659

0.5890 0.5958 0.6020 0.6075 0.6124 0.6169

1.887 3.138 5.027 7.783 11.688 17.081

FT 9 HEYILEHRY 4 B VOCs B F1 2 EURE
Table 9 The thermodynamic data of four VOCs absorbed by

biodiesel
M5y AG(kJ/mol) AH(kJ/mol) AS[J/(molK)]
Uy 1.60 -39.21 -134.62
LI -0.63 -42.77 -139.01
EEN 0.78 -40.10 -134.85
FOR 2.91 -37.20 -132.31
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