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Migration law of lead ions in unsaturated loess under freeze-thaw cycle condition
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Abstract; In order to explore the migration law of lead ions in unsaturated loess under freeze-thaw cycle condition,
this paper conducted adsorption experiment and soil column experiment on lead ion migration under freeze-thaw
cycle condition. Based on the principle of heat mass conservation, a coupled mathematical model for pollutant
migration in unsaturated soil was established. At the same time, the COMSOL multiphysics simulation software was
used to numerically solve the model. The reliability of the coupled model was evaluated in combination with soil
column experiment, and the variation laws of various physical quantities were explored. Research has shown that
under the freeze-thaw cycling condition, the temperature change of the soil column lags behind the change in
cycling temperature. Although freeze-thaw cycling significantly reduces soil permeability and sharply decreases
liquid water flux, the decrease in liquid water flux does not completely hinder the migration of pollutants to the
freezing zone. lonic diffusion can also cause pollutants to appear in the frozen zone of the soil, leading to an
increase in the adsorption concentration of pollutants in the frozen zone. At 96 hours, the mass concentration of
pollutants at the top of the soil column reached 0.204 g/1., and the adsorption concentration of pollutants reached
3.62 x10 77 kg/kg; Under freeze-thaw cycle condition, pollutant crystallization occurs at the lower part of the soil
column, with a maximum ecrystal volume content of around 4% . At the same time, the expansion caused by
pollutant crystallization accounts for about 9% of the total soil displacement, which is much smaller than the
expansion displacement of ice crystals. The negative temperature gradient decreases, the solubility of pollutants
increases, and some of the precipitated pollutant crystals dissolve again. Some of the ice crystals also melt again,
and the combination of the two causes the displacement of the soil column vertex to slowly increase in a wave like
manner.
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Fig. 1 Particle-size distribution curve of soil sample
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Tab.1 Experimental value of Pb ion adsorption

—_— W4 ST i v VR 3T TR WM C ./
Cy/(mg-L™") C/(mg-L7")  (mg-kg™")

100 0.36 1244.51

120 6.48 1619.98

273 150 13.93 1 741.25

180 22.98 1915.12

200 32.34 2 021.25

100 0.42 1216.86

120 7.28 1 548. 64

283 150 14.86 1 646.25

180 24. 64 1 865.46

200 33.48 1 986.46
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200 34.64 1 868.36
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Tab.4 Calibration results of sensor conductivity
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Fig.2 The relationship between conductivity and concentration
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Fig.3 Schematic diagram of test device connection
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Fig.5 Comparison of temperature, concentration, and volumetric
water content
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Fig.7 Cloud maps of mass concentration
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Fig. 8 Cloud maps of adsorption concentration
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Fig.9 Cloud maps of crystalline volume content of pollutants
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Fig. 11 Soil hydraulic conductivity variation curve
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Fig. 12 Pollutants migration change curve
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