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Migration mechanism of lead ions in unsaturated loess under temperature gradient
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Abstract: Based on the theory of porous media and the continuum thermoelasticity, the migration mechanism of heavy metal
ions in unsaturated soils under temperature gradient is studied. Firstly, the adsorption model for the lead ion by soil particles is
determined through the non-isothermal adsorption tests. Secondly, based on the mass conservation, energy conservation and
momentum conservation equations for various components in the three-phase system of solid, liquid and gas, a multi-physical
field coupling mathematical model characterizing the migration of pollutants in unsaturated soils under temperature gradient is
established. The model takes into account the adsorption effects of heavy metal ions, the migration of pore fluid, the
compressibility of phase change soil skeleton and pore fluid phase and the deformation of soils regarding the temperature,
porosity, pore water pressure, pore gas pressure, heavy metal ion concentration, adsorption concentration and soil skeleton
displacement as the basic unknowns, which comprehensively reflect the characteristics of heat and mass migration and
deformation in unsaturated soils. Finally, a soil column test on the migration of lead ions in unsaturated loess is carried out to
verify the effectiveness of the theoretical model and the numerical results, and the influences of various factors on the migration
laws of lead ions are analyzed. The results show that the Langmuir nonlinear adsorption model is more consistent with the
adsorption characteristics of unsaturated loess for lead ions, and the maximum adsorption capacity decreases with the increase
of temperature. The temperature gradient can obviously promote the migration of pollutants in unsaturated loess. While the
pollutants migrate in unsaturated loess soil column, the whole soil column is in tensile deformation state. The migration of
pollutants decreases with time. The adsorption is a long-term process, and the effects of time on it are not significant.
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Table 1 Test values of Pb ion adsorption

T/ HIHRHE TAHIR W B
K Co/(mg-L'") C/(mg'L'h Cs/(mg-kg )
100 0.36 1244.51
120 6.48 1619.98
278 150 13.93 1741.25
180 22.98 1915.12
200 32.34 2021.25
100 0.42 1216.86
120 7.28 1548.64
283 150 14.86 1646.25
180 24.64 1865.46
200 33.48 1986.46
100 0.56 1186.88
120 8.64 1508.24
293 150 15.58 1604.25
180 26.12 1768.56
200 34.64 1868.36
100 0.78 1108.46
120 10.16 1428.62
313 150 16.88 1516.26
180 28.12 1648.36
200 36.46 1726.54

[ SR T 2 R 2 FUA R 4
O, 3 LA Henry SRV IRBERL, BB %
R, THEME, AR Bk, BT
PIEHOR IR, TEAR R R Rk, AT b
B, XS SBRERARA: K, R, 9%
SRRM L, K SR N L, DL B
FAHE S (OB SR BR8P B4 Langmuir J:2%
PR BRI YA 2 TR Y A A IR R AR
Wil [ AREARFARMAL S, B R )

C 1 C
. app

2)



1824 "+ T OB % M

2023 4F

X a NIRRT A (mg/L); B s KR B =
(mg/g) (R 2). HIABERMAFRARME L5
IR THIE RN f=—0.021(T-To)+2.42, To N 273.15K..

0024r 578K

—eo—283K
—4—293K

0018F . 313k

I(kg-L)

0.012

c

<
0.006 -

1 1 1 1 1 1 1 1 1]
0 4 8 12 16 20 24 28 32 36
Cl(mg-L)

1 Langmuir I} MR B E Bhik
Fig. 1 Fitting curves of Langmuir adsorption model

R 2 WA
Table 2 Adsorption coefficients
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