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A Study on Transport Characteristics of Fe in Soil
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ABSTRACT : In this stduy, adsorption and transport characteristics of Fe in the soil were investigated using convection-dispersion local
equilibrium sorption model and two-site non-equilibrium sorption model. In batch experiments with different Fe concentration, characteristics
of Fe adsorption was investigated using Freundlich and linear isotherm. Column experiments with different flow rate, organic matter content
and Fe concentration were also carried out. We measured Fe concentrations in injection-liquid and in effluent, and then applied them to
CXTFIT program. As a result of column experiments, some parameters(D, R, B, ®) used in two-site non-equilibrium adsorption model were
obtained. Characteristics of Fe transport were analyzed using the parameters(D, R, B, @) obtained from the CXTFIT program, Consequently,
characteristics of Fe transport in the soil were predicted through two-site non-equilibrium adsorption modet.
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Table 1. Physico-chemical characteristics of soils used

Characteristics Original soil Burned soil
Organic Contents (%) 4.2 2.52
Particle Density (g/cm3) 242

Soil Texture Loamy sand

Sand (%) 79.6
Silt (%) 18.6
Clay (%) 1.8
Fe contents (%) 0.15
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Table 2. Fe concentration and pH in the solutions extracted
from slag before and after aging

Slag before aging Slag after aging

Fe Conc.(ppm) pH
2.41 10.65 2.19 10.65
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Fig. 1. Experimental column to determine the BTCs.
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Fig. 2. Linear sorption isotherm of Fe in soils with different
organic content.



Table 3. Linear sorption isotherm parameters of Fe for soils
with different organic contents

Organic content = 4.2% Organic content = 2.52%
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ollhke)| R factor (R) KoLkg) | R factor (R)
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Fig. 3. Freundlich sorption isotherm of Fe in soils with di-
fferent organic content.

Table 4. Freundlich isotherm parameters of Fe for soils with
different organic contents
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Table 5. Retardation factors at different concentration ranges

Concentration range (ppm) | 0-50 | 0-100 | 0-200 | 0-500 | fitted

Organic content = 4.2% Organic content = 2.52%

organic content
Linear (4.2%)
isotherm

1972 | 253 | 122 | 82 |[3745

organic content

@sip | SO0 | 13| 496 | 689 |2054
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2.13310.4027(0.87741 15.07 |2.3238]0.2235|0.8521 7.39

organic content
Freundlich (4.2%)
isotherm

155.68 | 22.09 | 15.66 | 15.07 | 37.45

organic content

10 | 669 |5.087] 7.39 |20.54
(2.52%)
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Fig. 4. Comparison of measured and predicted values at the
pore water velocity of 33 cm/day(BTC curve of CI
is value measured by experiment and solid line in-
dicates value predicted by convection-dispersion local
equilibrium sorption model).
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Fig. 5. Comparison of measured and predicted values at the
pore water velocity of 100 cm/day(BTC curve of CI
is value measured by experiment and solid line indi-
cates value predicted by convection-dispersion local
equilibrium sorption model).

Table 6. Comparison of parameters for columns at different
pore-water velocities

Pore water
Parameter velocity(cm/day)
33 100
Volumetric water content (cm3/cm) 0.447 0.510
Bulk density (g/em®) 119 1.15
Dispersion coefficient (D, cmz/day) 17.85 28.56
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Table 7. Comparison of parameters for soil columns at diffe-
rent organic contents

Organic content(%)
Parameter
42 2,52
Pore-water velocity (cm/day) 33 33
Volumetric water content (cm’/cm’) 0.447 047
Bulk density (g/em®) 1.19 133
Dispersion coefficient (D, em’/day) 17.85 17.85
1wl e
038 1 Aacak

0.6

0.4 1

organic content=2.52%
two-site model
equilibrium(R = 15)
organic content=4.2%
- two-site mode!
---------------- equilibrium(R = 30)

0.2 {

Relative concentration (C/C)

0.0 1

0 20 © 6
Pore volume (V/V)

Fig. 8. Comparison of Fe BTCs from soil columns with di-
fferent organic content at pore-water velocity of 33
cm/day(Measured Fe BTCs and predicted BTCs(CXTFIT)
for equilibrium and non-equilibrium(two-site) model
were shown together).
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Table 8. Comparison of parameters for column with different
injection concentration of Fe

Injection concentration
Parameter of Fe
10 ppm 50 ppm
Pore-water velocity (cm/day) 33 33
Vol water content (cm3/cm3) 0.458 0.447
Bulk density (g/em’) 1.17 1.19
Dispersion coefficient (D, cmz/day) 17.85 17.85
[ ] measured values(10ppm)
1.0 twositemodel |
o ——— equilibrium(R=110) _
Oc A measured values(50ppm) .
o o0sd|l———- two-site modef B AsaiSS e
= equilbrium(R=30) 2ot Y
g Y
® 06
€
g
§ 041
2
B 02
5]
4
0.0
o 10 20 2 40 50 50 70

Pore volume (V/V,)

Fig. 9. Comparison of Fe BTCs at different injection concen-
tration of Fe(Measured Fe BTCs and predicted BTCs
(CXTFIT) for equilibrium and non-equilibrium (two-
site) model were shown together).
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Table 9. Model parameters for simulation of the BTCs of Fe
using non-equilibrium two-site model

Pore water . Injection
. (Organic content] .
velocity kconcentration(Fe)
Parameter
33 100

4.2% |2.52% |10 ppm|50 ppm
cm/day | cm/day

Peclet number(Pe)| 27.73 | 52.52 | 27.73 | 27.73 | 27.73 | 27.73

Roct 82 | 82 | 82 [689 | 82 | 82
Riing 37.45 122,30 | 37.45 | 2054 | 6631 | 37.45
8 0.730 | 0375 | 0.730 | 0.720 | 0.69 | 0.730
o 0.440 | 0.510 | 0.440 | 0.410 | 0.016 | 0.440
conzﬁfﬁ&;*‘iy_,) 0.0957 | 0.0444 | 0.0957 [0.1630 0.0017 | 0.0957
R 0.993 | 0.999 | 0.993 [0.999 | 0.975 | 0.993
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