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Abstract — Soil vapor extraction (SVE) is known to be an effective process to remove the contaminants from the soils,
which enhances the vaporization of organic compounds by using forced vapor flows or applying vacuum through soils. Ex-
periments and calculations are carried out to investigate the effects of the organic contaminants, types of soils, and water
contents on the removal efficiency with operating time. In the study, simulated soils include the glass bead which has no
micropore, sand, and molecular sieve which has a large volume of micropores. As model organic pollutants, toluene, methyl
ethyl ketone, and trichloroethylene are selected. Modelling is carried out considering Freundlich isotherm (S=KC") and
pore diffusion model. Result shows that the rates of desorption of organic compounds from the soils are dependent on the
concentration of organics residues in soils. At the initial stage, the N value approaches to one. However, this value de-
creases with the process of desorption process. In addition, when soils contain the water, the K value in the expression of
Freundlich isotherm increases for the desorption process. It is also found that the K value increases when Henry's constant
of organic compound decreases, the solubility increases, and the pore volume or surface area of simulated soil increases.
The results could provide a basis for the design of SVE process.
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Table 1. Simulated soils used in the study

R Pore volume Pore size Surface area
Size[mm]

[eclg] [A] [m*/g]
Glass bead 0.5 - - 1.57x1073
Sand 0.45-0.6 5455x10™° 422132 5.1694
Molecular sieve 1.41-2.38 0.148 10 459
13X (8-12 mesh)
3.4 g
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Table 2. Soil contaminants applied in the study

Octanol-
Henry's  water  Vapor

Contaminants m.w. constant partition pressure Density S'olublhty
(at 15 °C) coefficient [mmHg] in water
(log K.,.)
Toluene 92.13  0.2081 2.69 224 0.866 0.05
MEK 72.10 0.0165 0.29 818 0805 35
TCE 131.40 0.2821 242 60 1.466 0.1
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Fig. 1. Experimental apparatus.

A. Thermometer G. Personal computer
B. Soil column H. Gas chromatograph
C. Manometers I. Nitrogen

D. Threeway valve J. Contaminants

E. Sampling valve K. Mass flow controller
F. Flowmeter
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Fig. 2. Desorption of toluene from glass bead(w=0).
(a) dimensionless effluent concentration, (b) residual fraction.
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Table 3. Parameters for simulation of desorption of toluene, methyl
ethyl ketone and trichloroethylene from simulated soils with-
out the water content

Organic contaminant Toluene MEK TCE
\Simulated soil  Glass Glass Glass
Parameters Unit bead Sand bead bead
P. g/em® 1.24 1.15 1.26 1.24
K (@/g)g/em®) 556 14.07 426 0.92
a - 0.39 0.44 0.39 0.39
v, cm/min 25.72 25.65 24.48 24.48
Cyomae g/em’ 335x107°3.02x107° 6.60x107° 1.69%x10™*
L cm 10 10 10 10
Q cm’/min 31.5 315 30 30
My g 0.0433  0.0433  0.0403  0.0733
D, cm’/min 50 50 50 50
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Fig. 3. Desorption of toluene from sand(w=0).
(a) dimensionless effluent concentration, (b) residual fraction.
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Fig. 4. Desorption of toluene from glass bead(w=0.22).
(a) dimensionless effluent concentration, (b) residual fraction.
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Fig. 5. Desorption of toluene from sand(w=0.22).
(a) dimensionless effluent concentration, (b) residual fraction.
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Fig. 6. Desorption of toluene from molecular sieve(w=0.27).
(a) dimensionless effluent concentration, (b) residual fraction.

Table 4. Parameters for simulation of desorption of toluene, methy! ethyl ketone and trichloroethylene from simulated soils in the presence of

water
Organic contaminant Toluene MEK TCE
Parameters Sunlljliaited soil Glass bead Sand Molecular sieve Glass bead Sand Molecular sieve Glass bead

p. g/em’ 1.23 1.16 0.54 1.27 1.17 0.55 1.24
K (g/e)/(g/em’y’ 537 variable variable 4537 variable variable 2.95
a - 0.18 022 0.29 0.16 021 0.28 0.18
v, cm/min 55.70 46.41 32.92 59.68 45.47 34.10 53.04
Cimax g/em’ 7.34x107°  4.18x107° 3.30%x107° 937x107°  1.24x107° 1.80x107° 1.31x107*
L cm 10 10 10 10 10 10 10
Q cm’/min 31.5 31.5 30 30 30 30 30
M, g 0.0433 0.0433 0.0433 0.0403 0.0403 0.0403 0.0733
D, cm’/min 50 50 50 50 50 50 50
N - variable 1 1 variable 1 1 variable
Pq g/em’ - 2.06 1.23 - 2.06 1.22 -
& - - 1.12x1072 0.182 - 1.12x1072 0.18 -
n - - 1 1 - 1 1 -
K, - - 1 1 - 1 1 -
D, cm’/min - 6.0x107* 6.0x107* - 6.0x107* 6.0x107* -
X - - 1 2 - 1 2 -
H, - - 0.2081 0.2081 - 0.0165 0.0165 -
Cogomas g/em® - 5.00x107* 5.00x107* - 6.71x107° 4.03x107 -
R cm - 0.025 0.095 - 0.025 0.095 -
k min~" - 0.01 0.01 - 0.01 0.01 -
w - 0.22 022 0.27 0.22 0.22 0.27 0.22
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Fig. 7. Desorption of methyl ethy! ketone from glass bead(w=0.22).
(a) dimensionless effluent concentration, (b) residual fraction.
(a) (b)
1.0 - O Experiment 10 — O Experiment
o
K =50 K =50
o
? 0.8 ~ ] 0.3 —
B
Q
S g
e =
2 o8 ° s 06 —
s Al
& ° =
2 -
H 2
H -
S o4 ° 2 oa
] T o 7 o
H o ° oo
=
m
0.2 —4 N 0.2 —f
o,
0°°°°°
o0 T T T T T oo T T T T T
] 200 400 600 800 o 200 400 600 s00

Number of pore volumes

Fig. 8. Desorption of methyl ethyl ketone from sand(w=0.22).
(a) dimensionless effluent concentration, (b) residual fraction.
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Fig. 9. Desorption of methyl ethyl ketone from molecular sieve(w=0.27).
(a) dimensionless effluent concentration, (b) residual fraction.
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Fig. 12. The plot of pore volume vs. K in the desorption of toluene
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a : the volumetric void fraction [cm’/cm’]

C : the equilibrium solution concentration [g/cm’]

C.,  :the concentration of organic contaminant in aqueous phase
[gfem’]

Cugmex : the maximum aqueous concentration [g/cm’]

C, : total sorbate concentration associated with the sorbent [mol-
kg']

: the concentration of organic contaminant in gas phase [g/cm’]
C, : the vapor concentration equilibrated with that of liquid
phase [g/cm’]
: the maximum effluent concentration [g/cm’]

:

on

: total chemical concentration in the solution [mol-L™]
: apparent diffusion coefficient [cm*/min]

o U
3

H

: aqueous diffusion coefficient [cm’/min]
: longitudinal dispersion coefficient [cm®/min]

o

: pore diffusion coefficient [cm’/min]

: weight fraction of solid which is natural organic matter [kg
om-kg ' solid]

: Henry's constant [-]

: mass transfer coefficient [min~']

: the Freundlich constant [(g/g)/(g/cm’)"]

: air-water partition coefficient

B

: solid-water distribution ratio

rrEpRRTE O P

: Freundlich equilibrium coefficient in intraparticle pore [(g/g)/
(g/em’)']

: organic matter-water partition coefficient

: organic-water partition coefficient

: restrictivity factor [-]

: the Freundlich exponent in intraparticle pore [-]

: the Freundlich exponent [-]

: number of pore volume

: volumetric flow rate [cm’/min]

: radial distance from center of grain [cm]

: the retardation factor [-]

: the radius of grain [cm]

: sorbed concentration [g/g]

: time [min]

: accumulated volume of air

: the air-filled volume in column [cm’]

: volume of column

: pore volume

: volume of soil

: void volume

;<<<h<ﬁ<ﬁ<=<><"m3°>v"o‘zz=mgw§w

: volume of water in column

etEE HB3TA M1E 1999 23

3.

: air flow velocity [cm/min)

: water content [-]

: longitudinal distance along column [cm]
: intraparticle porosity [-]

: the soil bulk density [g/cm’]

: intraparticle density [g/cm’]

: tortuosity factor [-]
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