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Study on phase tranformation of salt crystallization during cooling of saline soil
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Abstract: With the cooling process, the solution in the pores of saline soil will undergo phase transformation. Theoretical
analysis and experimental research are conducted on the salt crystallization behavior of saline soil during the cooling process.
Firstly, starting from the thermodynamic theory, a theoretical expression for the initial crystallization radius of salt solutions in
pores is given by considering the chemical potential equilibrium between phase transitions and the Young-Laplace equation.
The relationship between the initial crystallization radius, temperature and initial salt content is analyzed. Secondly, a
theoretical model is established to predict the content of pore solution and salt crystals, and the influence of temperature and salt
content on salt crystallization behavior during the cooling process is analyzed through iterative calculations. Finally, the validity
of the theoretical model is verified by conducting indoor cooling experiments on saline soil. The results show that saline soil is
affected by temperature and salt content. As the temperature decreases and the initial salt content increases, the liquid saturation
of saline soil decreases and the salt crystal content increases. The initial salt content has an important impact on the salt
precipitation temperature of saline soil, and the salt precipitation temperature increases with the increase of the initial salt
content. The salt swelling deformation of saline soil mainly occurs in the early cooling stage, and the amount of salt swelling
deformation in the early cooling stage is greater than that in the late cooling stage.
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Table 1 Comparison of calculated and experimental values of soil liquid phase saturation with initial mole fractions

JEE IR 34 g/ C 22 18 14 10 6 2
AR 0.76051 0.70814 0.67517 0.65364 0.63922 0.62942
0.05 TREGHE 0.76442 0.71232 0.66821 0.64389 0.64289 0.62393
R 7% 0.51 0.59 1.03 1.49 0.57 0.87
AR 0.85218 0.78795 0.74801 0.72213 0.70489 0.69321
0.04 TRIGE 0.84683 0.79235 0.73962 0.71793 0.71235 0.68972
R ZE/% 0.63 0.56 1.12 0.58 1.06 0.50
AR 0.96403 0.88344 0.83407 0.80237 0.78140 0.76724
0.03 TREGHE 0.95427 0.88973 0.82689 0.79854 0.79124 0.77362
R 7% 1.01 0.71 0.86 0.48 1.26 0.83
AR 0.99895 0.99895 0.93833 0.89862 0.87256 0.85504
0.02 TRIGHE 0.99548 0.99578 0.94372 0.89342 0.88573 0.84357
R 7% 0.35 0.32 0.57 0.58 1.51 1.34

® 2 TEVIRERS BT RRASETEEMRILERXIEER

Table 2 Comparison between calculated and experimental values of salt crystal content with initial mole fractions

JEE IR 4 g/ C 22 18 14 10 6 2
AR 0.24714 0.30278 0.33821 0.36154 0.37724 0.38798
0.05 TREGHE 0.25098 0.29743 0.34024 0.37089 0.36871 0.38225
R 7% 1.55 1.77 0.60 2.59 2.26 0.57
AR 0.15411 0.22234 0.26526 0.29331 0.31209 0.32488
0.04 TRIGE 0.15689 0.22896 0.26896 0.30194 0.31693 0.32014
R 7% 1.80 2.98 1.39 2.94 1.55 1.46
AR 0.03786 0.12347 0.17653 0.21087 0.23373 0.24922
0.03 TREGHE 0.03813 0.12214 0.18063 0.21553 0.23984 0.25567
R 7% 0.71 1.08 2.32 2.21 2.61 2.59
AR 0.06627 0.10929 0.13770 0.15687
0.02 TRIGE 0.06689 0.11223 0.14135 0.15302
R 7% 0.93 2.69 2.65 2.45

* 3 TEWIHRERS BT LA FLBR AR BT R AN ER X RN

Table 3 Comparison of calculated and experimental values of change in pore volume ratio of soil with different mole fractions

JEE IR 34 g/ C 22 18 14 10 6 2
AR 1.01572 1.01922 1.02146 1.02294 1.02395 1.02463
0.05 TRIGE 1.01684 1.01858 1.02235 1.02282 1.02383 1.02517
R 7% 0.11 0.06 0.08 0.01 0.01 0.05
AR 1.00730 1.01174 1.01496 1.01727 1.01891 1.02007
0.04 TREGHE 1.00812 1.01293 1.01567 1.01813 1.01869 1.02132
R 7% 0.08 0.12 0.07 0.08 0.02 0.12
AR 1.00190 1.00692 1.01060 1.01324 1.01513 1.01646
0.03 TREGHE 1.00118 1.00777 1.00998 1.01412 1.01483 1.01697
R ZEIY% 0.07 0.08 0.06 0.09 0.03 0.05
AR 1.00460 1.00791 1.01026 1.01191
0.02 TRIGE 1.00355 1.00842 1.01126 1.01300
R ZE/% 0.10 0.05 0.10 0.11

N T SE AR SR TN SR AR MR EE AR 10 A AL BRAA AR Ll AR A AR AR U TR R A
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