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ABSTRACT

Fundamental investigations were conducted for the recovery process of waste organic solvent by fractional distillation in the
aspects of equilibrium and kinetics. Mixture of toluene and xylene, which were both being used in the largest amount as indus-
trial organic solvent, was taken as the artificial waste organic solvent and their distillation behaviors were studied. The purity
of recovered solvent was investigated by Gas Chromatography and shown to be in the range of 94~98%. Based upon equilibrium
calculations, the changes in the Gibbs free energy, standard enthalpy, and standard entropy for distillation reaction have been esti-
mated. The standard enthalpy changes for toluene and xylene were shown to be 44.833 and 47.044 kJ mol™!, respectively, which
were similar to their molar heats of evaporation. The activation energies of distillation for toluene and xylene obtained from
kinetic studies were 3.281 and 2.699 kJ mol™! and they were about one tenths of the standard enthalpy changes of distillation
reaction. The highness of the purity of recovered organic solvents suggested the possibility that the recovered waste organic sol-
vent could partly replace the original solvent.
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Fig. 1. Schematic diagram for experiments.
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Fig, 2. Fractional distillation apparatus used in the experiment.
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Fig. 3. Time course of distillation yield of toluene according
to the initial volumn.
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Fig. 4. Time course of distillation yield of xylene according
to the initial volumn.
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Fig. 5. Time course of distillation yield of toluene for
different distillation temperatures.
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Fig. 6. Time course of distillation yield of xylene for
different distillation temperatures.
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where, K : Equilibrium constant

[Sol.]); : Initial amount of solvent

[Sol.]; : Residual amount of solvent after distillation
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where, AG: Gibbs free energy change (J mol™)
Gy : Standard Gibbs free energy change (J mol™)
R : Ideal gas constant (=8.3154 J K~ mol™)
T : Absolute temperature (K)
Q : Reaction quotient
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AG"= -RTInK 3
AG"=AH" — TAS® 0))

where, AH® : Standard enthalpy change (J mol™)
AS : Standard entropy change (J K~! mol™)
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Table 1. Thermodynamic parameters for the distillation
process of toluene.

0 ) [
O K | ?n(ir’) J ?nlzrl) (kJ Kﬁfnol‘l)
115 | 17.18 | 9945
120 | 3746 | -10651 44,833 0.141
130 | 3233 | -12.063

Table 2. Thermodynamic parameters for the distillation
process of xylene.

I 0 O
o | X ?n(c}ﬂ‘l) (KJ ﬁirl) (& Kﬁfnol"l)
150 | 14.50 | -10.832
160 | 67.97 | -12.200 47.044 0.137
170 | 2603 | -13.569
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where, k : Rate constant (h™)
A : Frequency coefficient (h™!)
E, : Activation energy (J mol™)
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Fig. 9. Linear plot of /n k vs. I/T for toluene.
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Table 3. Kinetic parameters for the distillation process of
toluene

°C) | I/TK™) In k E kJ mol™) | Ah™)
115 0.002577 | 1321756
120 0.002545 | 1.315067 3.281 1.360
130 | 0002481 | 1.285092

Table 4. Kinetic parameters for the distillation process of

xylene
T(°C) I/TK™ In k E kJ mol") | A
150 | 0.002364 1.115
160 0.002309 1.037 2.699 1.388
170 0.002257 1.081
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Fig. 11. Time course of distillation yield of mixed solvent
depending on mixing ratio.
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