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Saline expansion and frost heave of sodium sulfate solution during cooling
crystallization process
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Abstract: During cooling process, solubility of sodium sulfate decreases, and part of sodium sulfate in the solution precipitates
and crystallizes. When the temperature is lower than the specific temperature, in addition to crystallization of sodium sulfate,
liquid water also precipitates as ice. The crystallization of the aqueous solution in porous medium induces the deformation and
failure of porous medium, such as saline expansion and frost heave deformation of saline soils with sulfate sodium, salt
efflorescence of wall painting, degradation of stone and concrete, etc. To study the deformation and failure mechanism of
porous medium with saline solution during cooling process, the method for calculating the volumetric change rate of the system
of Na,SO,+H,0 during cooling process is proposed. In the procedure of calculation, the content of phases is determined
according to the equilibrium concentration of phases in the system, Na,SO4+H,0, and the volume of the phases is added to
calculate volumetric change rate of the system. Compared with the existing tests, the proposed method can successfully predict
the volumetric change rate. The saline expansion rate is smaller than frost heave rate during cooling process. In addition, when
heptahydrate sodium sulfate crystallizes and precipitates during at the saline expansion stage, the volumetric change ratio is
relatively small, but the volumetric change abruptly increases at the frost heave stage.

Key words: sodium sulfate solution; temperature; crystallization; saline expansion; frost heave
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Fig. 1 Solubility of phases in sodium sulfate solution
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Table 1 Model parameters calculated by Denis Zenin

%
¥ Vi B B Cyy
by 6.05954X10* 1.81948X1072 -9.02041X10° 7.85265X10°
by —1.33035X 1072 -1.22328 X 107" 2.23418X10° -9.20087X 10!
by 1.82630X10° 4.13138X10* 7.54851X10° 2.28824Xx 107
by 2.40232X10"  -4.38235 -1.26843X 10" -7.31316X 10"’
bs —6.77293 X102 -1.64437X 107" 3.42505X 102 -6.61264X 10!
bs —5.75614X10° -3.30824 X 107 -4.63903X10° 3.58390X 1073
b; 3.61020X10* —2.45357X10* -3.60229X 107 -6.66318X10°
bs —8.08348 X107 ~1.11329X10° 6.77063X10° -1.94421X10°
by —1.28047 X107 4.58964X 1072 9.04198X10* 6.09792X10°®
by 5.36298X107* -8.40841X107 1.59321X10* —
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Table 2 Summary of experimental data of density of Na,SO,
solution
" W wE o X
5 i
RH /(mol kg ") /C /MPa Rk
98  0.1001~1.2108 25~250 0.1~70  3H#AR[37]
17 0.035~1.986 20 0.101325 SCHR[38]
168 0.1,0.5,1 5~60 0.101325 SCHR[39]
64 0.052~1.624 15~45 0.101325 SCHR[40]
120 0.0711~2.2232 0~100 0.101325 SCHk[41]
67 0.101~2.067 35~95 0.101325 SCHk[42]
80  0.00259~0.72018 0~35 0.101325 SCHR[43]
52 0.003~1.004 0~50 0.101325 SCHR[44]
44 0.05~1.5 15~55 0.101325 SCHR[45]
32 0.01~0.15 25~175 0.101325 SCHR[46]
108 0.0578~0.3303  20.84~202.66 2~10.25 ICHk[47]
134 0.0048~1.0032  25.05~299.52 9.92~30.57 SCHk[48]
10 0.092~1.00 25 0.101325 SCHR[49]
200 0.088~1.116 18.16~300  2.44~39.79 SCHR[50]
126 0.783~1.502 24.96~199.87 1.1~68.6 CHk[51]
8 0.06~1.96 25 0.101325 SCHR[52]
9 0~1.96 25 0.101325 SCHR[53]
28 0.0333~1.2026 25~150 0.101325 SCHR[54]
17 0.069~2.73 25~30 0.101325 SCHR[57]
2 0.84~1.96 25 0.101325 SCHR[58]
45 0~0.204 15~35 0.101325 SCHR[59]
24 0.1~0.69 10~25 0.101325 SCHR[60]
96 0~0.5 25~300 10~30  3CHk[61]
17 0.5~2.254 10~70 0.101325 SCHR[62]
5 0.09~0.5 25 0.101325 SCHR[63]
35 0.05~1 50~200 2.026500 SCHR[64]
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Fig. 2 Distribution of experimental data of density of sodium

sulfate solution
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Table 3 Physical properties of sodium sulfate
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/(g'mol ') /(grem”)  /(cm’ mol )
Na,SO, 142.043 2.70 52.61
Na,S0,410H,0 322.196 1.46 220.68
Na,S047H,0 279.078 1.59 175.30
H,0(s) 18.0152 —
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Fig. 4 Concentration change of solution during cooling
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Fig. 5 Volumetric change rate of solution (w=30%) during cooling
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