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Abstract— Vapor extraction of chlorinated volatile organic compounds from soil was investigated by performing adsorp-
tion and desorption of trichloroethylene and trichloroethane. The adsorption breakthrough curves were obtained using a dy-
namic response technique based on the frontal analysis chromatography. The shape of the breakthrough curves indicated
that the adsorption process was the system of low mass transfer resistance and axial dispersion effect. The adsorption iso-
therms were BET type II, which showed that the process involved the monolayer adsorption followed by the multilayer ad-
sorption. Two types of desorption profiles indicated the hysteresis effect of vapor extraction process. The vapor extraction
process was simulated by mathematical models including the local equilibrium theory. The presence of moisture in vapor

stream increased the overall efficiency of the soil vapor extraction.
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Table 1. Physical properties of the studied soil

BET surface area 68.9m’/g
Bulk density 1.90 g/ml
True density 2.58 g/ml
Organic content 0.93 %
Sand 39%
Clay 58.6 %
Silt ‘ 375%

Table 2. Physical properties of the investigated volatile organic com-

pounds
Trichloroethylene  Trichloroethane

(C,HCl,) (CH,CL,)

Molecular weight 131.39 133.41
Normal boiling point(K) 360.4 386.7
Critical temperature(K) 572.0 606.0
Critical pressure(bar) 50.5 514
Vapor pressure(24 °C, mmHg) 70.8 228
bypass vent
c D

GC

A. Gas Regulator M1 - M4, Mass Flow Controller
B. Check Valve S1. VOC Saturator
C. Soil Bed S2, Water Saturator

D. Soap Bubble Meter

Fig. 1. Experimental apparatus for adsorption and desorption of
VOCs on soil.
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Fig. 2. Adsorption breakthrough curve of trichloroethylene at 24 °C.
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Fig. 3. Adsorption isotherm of trichloroethylene on soil at 24 °C.
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Fig. 4. Adsorption isotherm of trichloroethane on soil at 24 °C.
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Table 3. Result of BET analysis of adsorption isotherms at 24 °C

X..(mg/gsoil) n ¢ X,(mg/gsoil) X/X,,
Trichloroethylene 38.34 354 1993 85.86 2.24
Trichloroethane 8.16 1.91 5.03 10.77 1.32
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Fig. 5. Desorption profiles of trichloroethylene at various initial soil
loadings of 42.47, 68.34 and 72.11 mg/g soil.
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loadings of 5.49, 9.06 and 9.22 mg/g soil.
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Fig. 7. Experimental and theoretical desorption profiles of trichloro-
ethylene at initial soil loading of 68.34 mg/g soil.
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Fig. 8. Experimental and theoretical desorption profiles of trichloro-
ethane at initial soil loading of 9.06 mg/g soil.
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Table 4. Parameters used for the calculation of Eqs. (4) and (12)

I{m) 0.25
R,(m) 0.000357
v(m/sec) 0.05087
€ 0.5

€, 0.1

(4

Table 5. Axial dispersion coefficient, effective diffusivity and mass trans-
fer coefficient for desorption profiles

Trichloroethylene Trichloroethane
D,(m’/sec) 2.1493x107* 2.1484x107*
D,(m?/sec) 1.4364x 107" 1.4023x 107’
k/(m/sec) 3.3694x 102 3.2969x 102

Table 6. Percentage VOC removal by dry and wet desorption after
the same volume of nitrogen used

Initial loading Dry desorption Wet desorption

(mg/g) (%) (%)
Trichloroethylene 42.47 70.17 77.74
68.34 78.82 83.76
7211 89.27 96.20
Trichloroethane 5.49 67.16 73.04
9.06 64.21 72.28
9.22 86.84 89.74
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