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Abstract: The relationship between water content without phase transformation of sodium sulfate saline soils and temperature
is established above the freezing temperature of soils through theoretical analysis. In order to find the mechanism of the initial
precipitation temperature of salt crystals in sodium sulfate saline soils and solution and change of water content under different
temperature conditions, saline soil samples and solutions are tested in laboratory. By analyzing the cooling curves of soil
samples and NMR single strength under different temperatures, the influence of temperature on water content without phase
transformation is obtained. The research results show that, the precipitation of sodium sulfate decahydrate usually lags under
specific cooling rate. Besides, the initial precipitation temperature is lower than the temperature of saturated solution. And also,
the initial precipitation temperature decreases as the salt content of soil decreases. Meanwhile, the initial salt crystals are easier
to form in solution than in soils. In addition, the decrease of water content in saline soils is greater than that in solution, and the
water content without phase change decreases as the temperature decreases. The unfrozen water content of sodium sulfate saline
soils with high salt content decreases exponentially, and the water content no longer changes when the temperature of soils is up
to —10°C. For the sodium sulfate saline soils with low salt content, the unfrozen water content also decreases exponentially, and
under the same temperature, the unfrozen water content of soils increases as the salt content increases.

Key words: sodium saline soil; water content without phase transformation; exponential rule; ice-liquid surface free energy

0 3 = st TR PRI, NI R b L. BT T HR
RV L 5 R R . BIAT S kR (GB
50021—2001) (1 TR EIETEY 6.8.1 %%JL/J: e HETH: EEARBIAREEIH (41230630); ERHABE 1T 5)

PRI H (KZCX2-XB3-19)

LA AR T 0.3%, HEAAER. 4 J%ﬂ W B ot 1o o



2176 s + T

i 2015 4F

TR BRIMA S, 2 E SRR MR R R
Z it . EREA L AE DY SR AR A R
TIPS, RELNSHR, (gt
LRI BE g 2 TR A R ZUAR AR 25 T M X AT
T 5 SRR B H o X TR R,
L AR R IR N 45 A A L (/KBRS ,
SR AN, BIERIG, X TREEFER K,

KB PR B AT HH 2 3 AR AT AR 5 K A I
Ny SECEARREBUR AR . TREP SRR A
3 I DAL T e A b AR (R R AR K, 3 T A
FOKFIER, SUERESVIFRDIE. AR, Bl
R 43I TRE VAL AR L) 8 /K A TR AR,
ARARAE S R IR R AR WA SV ANa] b
Mgt e TG FoRGROK S B SRR AR A K
HRFTC: SOGESPER T Lok i REs), W
IR N LR AR S AR T R BOC R AR )
AR ST T RS AR & R K
HAGULEZ R R KBTS MRS R: Kujala™®,
Sheng “FVHIA T Gl T 57K 5 5 3 2 I R HOG
#, e IR ER LRI (EX TR ahih
LA b i s et AT 11 5 L 1) 35 7K 3R 1R A A 5 TR X
5 UL AR T AT A AR D

ASSCLLRAT ™ E R AR R B KRR R 4 35 LA
ARG, SE R EAR HT SIS, A
TR B KR AL IR TR R SC AR, AT A
U D TR By A i) R (3 2 2% MK

1 IBigoth
1.1 FEE R PR B S AT 3 k5 R

iy

{15532 WA, 0 PR V030 P 2 A1 3 8 A4 K
BRI A, ITEAE

Na,SO, -10H,0 <>2Na*+S0,” +10H,0 . (1)

1 mol 7K B Wil A 113 24 2 6 1 ol [T el
10 mol KK 43 KA WLl I (0 3 B 0 P4, 49

my — @)

M M
o, o, 180
AP mo R VERRIR AT To W BE K23 BT (), m' A
BEILIS T BEIRI/K 3 T (), co BRI IKIRI LA EE
IRWRPE (mol/L), ¢ 7 Vi ¥ IR el J 1) PR JR 9K 2
(mol/L), p, RARKINERE (gL
A7 LRI ALK B o B, BT
YU et J VLA 7K g PR B VRS K R T EE 6, AT AR
A

’

gw :ﬂ o (3)
0

m

.
gin X (2. (3) "
X :18Oc0'—pw )
180c" - p,,
R 00 PR A VUL R 5 2, TELE T XS I ¥
IR ¢ AT FRIE N
, TP
=—> ’ 5
T a2 ®)
KX, PO T RERS RS (2/100g), 7K1
BEBEA 1000 g/L, WAL (4. (5 Al

- 710—127.8c'0 ’ ©)
710 — 900~
TR RN VA AN Rk A
r=4.4943x1.0773" (7)
L, TR .
B (D ARARK (6 o
710 -127.8¢, @®

YT 710-40.4487x1.07737

3 (8) ATV IR & DL A AR N BR Al v
HH KR
1.2 WERPEFLT P +HKRERMNB AT HIIENS

KEL

WF RS, o PARPRIG S KRR, B
AR B AL AR SAFAE T AR i AT H
ANZE RN X AR TEA T, PR SRR & 2
I W T s L e N TR e e N R > WS N R 2 N
A s, W ARE S KRR

0= e : 9)

m, +%(m0 -m')
180

s my R, e G R i R 1
R A 5 KR R 5 S
0, =my/m, , (10)

K, O FK B E KR KB (2). (100 A
X 9, #H

(180¢, ~ p, )6,

= (11)
180¢' — p,, +3226,(c' —¢c,)
(5 AKX (D) LA
(180¢, — p, )6, . (12)

T (1.2676r —1)p, +2.26760,(p.r —142¢, )

Kb, O AR R
R SRR e R A S K AR S A,
I 5 0 s A AT SR e PRI R R AR AR AT H

2 WRESFNEL R T SRRER N A RA IS
2.1 FRERSNER R L PEIRIKIS

TRE N o A (IR 14.5%, R



512 4 JTJeTF,

S BRI ARAR AR S KR G R R 2177

23.8%), A T EAICEE T T, N A

AT AR TR . TRESZERR I, M & ihaElil
2%, FLEAKIR G LAl B R, 2 I B

TRAN 5 AR B 0%, 0.5%, 1.0%, 1.5%, 2.1%, 2.6%,
3.2%, 3.8% F/KF N 18%IMHIEEhn 1, ISihah
2.1%~3.8%IM T AEAE R dh AR, R AT
B BRI R A A T, TR RN 1.72~1.75
glem’, FHARERR L OREJE £0.01°C) FFaE 7848,
T A i 2 AT AR ORI A A T B ES, W)
B EHIA 25°Co KT 2.1%~3.8% % th 5 i R
BRI AR A PR A 0°C i B AT 0T 0%~ 1.5% 7% £k
B IR R RE BRI 2 -20°C, BREE R A
0.02°C/min. P IZWE 1 Fros.

— 0%BiERN b
— 0.5%BRER4N S bR
LO%BRERAN A b i
— L5%HimEN A Eh i
— 2.1%B RN A Eh i
— 2.6%BBREN A R
— 32%BRE iR
— 3.8%BRERN SRR
-5F

—-10f

-15 I L . . )
20000 40000 60000 80000 100000 120000

B} [ /s

1 WRBREL i T AP 2k

Fig.1 Temperature dropping curves of sodium saline soils
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Fig. 2 Temperature dropping curves of sodium saline soils with
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Fig. 3 Temperature dropping curves of sodium sulfate solution
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