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The study of the characteristic temperatures of cooling saline soil
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Abstract: The characteristic temperatures appearing in freezing process of cooling saline soil include the
freezing temperature and the supercooling temperature. The freezing temperature is the point that chemical
potentials of ice and liquid achieve equilibrium, and the supercooling temperature is the point of ice nucleation.
The characteristic temperatures are important for the analysis of the freezing state of soil. In the beginning, the
characteristic temperatures are obtained through the freezing tests of saline soil with different salt contents. And
then, a model for calculating the characteristic temperatures is provided based on thermodynamics and the
classical nucleation theory. The model are proved to be reliable by comparing the calculated data with the tested
data. At last, the influence factors of the model are analyzed, and especially the influence of salt precipitation on
the characteristic temperatures is considered. The results show that the calculating model can effectively predict
the characteristic temperatures of saline soil. The salt content corresponding to the salt precipitation can be
acquired by the relationship curve between the characteristic temperatures and salt contents of saline soil. The
freezing temperature has a negative correlation with the concentration of pore solution and the salt precipitation
will induce the depression of the concentration of pore solution, as the result the freezing temperature will increase
when salt precipitation occurs. The reason for the increase of the supercooling temperature of saline soil is the
double effect of the depression of solution concentration and the decreasing of contact angle between ice and soil
particles.
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Table 1 Physical properties of soil

ki TR ZAIR AR
X % Wi/% Wy/% I,
2.71 26.8 17.6 9
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Table 2 Salt contents of samples

s FEHEmol/L T FiiE mol/L
1 0 9 0.610
2 0.076 10 0.685
3 0.152 11 0.761
4 0.228 12 0.838
5 0.305 13 0.914
6 0.381 14 0.990
7 0.457 15 1.066
8 0.533 16 1.142
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Fig.1 Pore size distribution curve of remolded sample
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Fig.2 Typical cooling curve of frozen soil
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Fig.3 The cooling curve of saline soil
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Fig.4 The experimental results of characteristic temperatures of
saline soil
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Table 3 Parameters of electrolyte solution

S 0 (D (2 ¢
LS MX MX MX Cux

Na,SO,4 0.1939 1.4285 -0.5954 -0.008222
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Fig.5 The water activities of Na,SO4solution in 0C
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Fig.6 The freezing temperatures of Na,SO, solutions with
different salt concentrations
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Fig.7 The freezing temperatures of saline soil with different salt
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Fig.10 The solution concentrations in freezing point
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