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(P<0.05) , IKGBILHLREP, KBRS LS & T IREZEH T 48 T I A KRR IR R
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Changes of salt and ions in the process of salt water freezing
and melting in Southern Xinjiang
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Abstract Salt water desalination is an effective way to relieve the shortage of fresh water resources
and water pollution. This article analyses the distribution of salinity and ion concentration during
freezing and melting of farmland drainage in Southern Xinjiang under different freezing tempera-
tures; which explains the migration reason of salt, CI, SOi' , K*, and Na' under the condition of
multistage freezing and gravity desalting. The results show that the salinity and ion concentration of ice

melt water increase with the decrease of freezing temperature. Under the various temperatures,
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compared with the initial water sample (F,), the salinity and ion concentration of ice melt water
significantly decreased (P < 0.05), during the gradual freezing of ice crystals, the salinity and ion
concentration of ice melt water gradually increased. The migration rate of different ions getting into
ice crystals is different, and the slope of fitting line of ion freezing ratio is K™>CI>Na™>SO;. In the
process of melting ice crystals step by step the salinity of ice melt water, concentrations of ClI", K*
and Na' decrease rapidly first, then decrease slowly, and finally get stabilized. The concentration of
SO;™ declines steadily. The ice melt water gradually changes from Na—Cl salt water to SO4-CI-Na
brackish water. The conclusions of this article can provide a basis for the application of salt water
freezing desalination technology in Southern Xinjiang.

Keywords desalination of salt water, salinity, ion migration, icing process, melting process.

AL P REFRIX, BERT D 2 AOR, MOKBTIREL =, PRS2 T s X A e A P R RN
S DX A 2 T A A IR, R AR RIOR T, i X DX HE 7K B AR i ™ B 9 e IR, g s
HBIX K T AR AR 2%

SRR R IR K ARG e L B IROK 08 IR SR A AT R AR, R 22 3 P . K IR 42
AR A RBEDL . BBE WURE. BARIAE DU R ACHRALEUK, R T B & RR PR 2 A
PR IR B AT S br i, 25 R R WL, S i i T 2% Ak 5 2 A0 £ BR300 97% F1 88%. H.
BB EXTS0; . PO A AR i 1AL PR B, TR F 99.20% LA U 9 8 A% A5 SR FH v ARAIRHRE 1 A3 5 4
HLE BT (EDR) $0R £ B T /KR P BORHIRER, 4558 W37 /K ih M IR AR 5 58 A5 & [ AR K b o,
BET 2RI TiasE | BEFEIR . X K& SR A8 Al W PR s A0 . R e e K IR AL i e v, S I
o KE i B MR B T

Ve VR BAT REAR MR T4 B B0 | PR SO0 0, R — s AR A SRR IR AL B, AEIR AR
LV BERHRFE!Y AR TS T IR ARG, (EVR VRIETEAR RV VRIR BE 2R PF T, vk SRl 72
ko B I R MU e AN I DRIk, T AT BTG BT ST R, 5 BT R L R R K IR AL JROK
ARV RTE 2 RIS, PR SR Z5 K-S Bt R P8R0 S8 T B0 R ML, T ik, A SO 7 AN
VRURILIE T, e SEAC ITHEZK 45 K-S Bl A A v, P RE B 7 U B8 B A LR s R0 TR T 2908 RS
FER AR, S50 2 C L SOF | K Na WYL A AL AR A, DA by g S K v R IE IR AL R IO 4
I P HEA .

1 MBS 5 (Materials and methods)

1.1 5 AR
TR JFK B A R MR, BUK ST 210 4918 192 km 48 (40°32/32"N, 081°34'45"N), Z FilH7 /K
HE DX AR e BHELE, Rk, it HHEK K BT B — @Rtk K Fs AR 2 1 fis.

F 1 AELEIKOKBTFE AR (mg L)
Table 1 Test raw water quality index(mg-L™")

W ALEE
Salinity
4906.77 8.36 1291.10 282.59 1789.58 104.91

pH cr S0%- Na® K

RURZS A ARl pk e B ANE 1 Frs. R URZ 4 B AMA 5 S PR 0 ORGEANM J50) 41 A, e, ST
FE H 2} 35 em, ##H N IETE, K D 2 30 cm; UK 25 em 5 40E i BE— 2L, AT 17K/
fL, W B R TR IR UG e 5 A 0 23 85, WU R B 206 Z0 B2, EHHE A 4N, BF% 6 h XF
SR R T 1) b4k r, BOAT A pK 2 JE B S AL [ SR 25 UK s 3L, ¥ VR 25 75 DU S B 3 FH AR i A L (R
M) B2, A BRI A& 1 s R EHROKFE R AR AR A% I, T E R VK46 (BD/BC-768DKEMA ) H1,
JE UL TE IR vKFE AR % R 3.
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EE2N
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) A maR Iee
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H | 1 Beaker
| i Ice
B kK
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1 RHRAES R S
Fig.1 Freezer container and ice melting device

Rl (a) N AR B, th AN EE TR = . B BEA | 5 b g 5 A 2 AL, B 755 il K A E A 85
B, s D7 SRR AR, B O R BB, FH LR KER K (b) 5 RILAR R0 PR BB A e
I w5 A A R, o R Bl UK O T BB A s P Rl A RSB kK
1.2 TR

A B VR VR IR BE S Rl vk O =X 2 AN R &R W R BRI -6 °C L —12 °C. —18 C; @il vk 7 =k
i B AL o AR R AL, DU B KK BT AR AR I R F.

(D &5k

45K (Freeze) i f i, 2MVKZIEREIAH] 3 om B (1=1875 em®), {5 1R AR IF AT VKK 5085, AT Ak 4
IKRIFTK, AREZ5VK, LR REE 5 W, FUFARICH Fi\ Fy. Fy Fy Fs. Z50KIR B RE A& 2 B,

7k
Ice
- — VL
- - - . 4
- — [ — [ 777773
ot o P o ——— p—— L
s - - i o (L
~ | — Coliis
F, F, F, F; F, Fs
WK
Concentrated water

B2 Zikis iR
Fig.2 Icing test flow chart
(2) Rl kg
o3 B R PKF 230 2 0, 1 R AR Ui, WO DK R OK, O E KRR Bns 55 A0 1 R T
Ji R s Ak, FlfE (Melt) i BRI 3 B, B ICER 150 mL flK, 10 Sl vk i a], WogE 5 Ok, 3 00% A ic
M. My, M5, My, Ms.

WAL ik Eiwi) 370

Melting by conventional desalination Melting by gravity desalination

B3 Al e A
Fig.3 Melting test flow chart
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1.3 e

BT SR G TN AE Nat, KBS 115 CIL SO & {8 4 H 34k 2% 20 H74X ( Smart chem
200) I 5E

WAk B - K Al K 4> £ R RS I R S 35 0 52 (DDB-303A), R 15 AN FEAS . i35 (GB
11901—89) i fLE 5 i SR 1 KR!

Y = 0.595EC —443.170, R* =0.9983 (1
L, Y RKFER RS, mg- L™ EC A HL 3%, uS-em ™.
1.4 BRETEIE
B UK LR ORI T g - Bk B = L), )
C=C;/Ci. (2)

X, C G UKIARI B T E, mg- L™, i N F,. Fy. Fs. Fy. Fs; Ciee VKA ES T B E, mg L.
Bl HAg s SR Ry Rl K R R R R R K s R B 2 L, B
E=M,/M. (3)
X, M R UK P B RS, mg- L, i S My, My, My, My, Ms; M, B Rk AP FH B, mg L
1.5 gt
;wﬂm@MMSAmmAmms AT & Excel 2019 X4 47401150 #r, {d H SPSS 22.0 X%k
TTER AR I 225751 (ANOVA).

2 R 54508 (Results and discussion)

2.1 VRURIE XSS vk vk ok 0 Ak B 5 B vk B Y5
20,1 P VR EE R 28 v I8 UK Rl K Ak B A 5 i

SHERFEAN R X 45 G e v R 43 K B8 T RS R RE ), SR FH 8 BB R VK RK 247 434 Hh 1] 4 WA,
AHTRIVA URELET, DK Rl R™ Al B Bl T 3 e i S 25 B IR (P<<0.05), ¥R VRZEICH F Fa. Fy. Fy Fs B, —18 °C
B—12 °C vKRlK B AL T8 17.79%. 11.97%. 13.91%. 15.99%. 10.65%, #:—6 °C T} 28.60%. 22.27%.
27.30%. 25.54%. 18.80%, =12 °C #~6 C UKF/KH 1L EEF+ 5 13.15%. 11.70%. 15.56%. 11.36%. 9.11%,
PEHI—18 C IRALA e f 22, —6 C IRALR R I I, —18 °C B vk Rl K 4L B i 1461.24 mg-L™'(F,) FTH&E
2555.82 mg-L'(Fs), —12 °C W uK @K 546 B By 1201.26 mg-L'(F,) FJF & 2283.51 mg-L'(Fs), —6 °C i
PKEK A AL EE B 1043.27 mg-L7'(F)) T+ 2075.37 mg- L™ (Fs), B [F— ¥R IR &0 F , vKElk 51k
JEE BEVA R BB B I Th 5. 25 BT IR, ¥ VR EE X UK Rtk 0 4k B 2 355 ), KRl K i R B v
U B B R AT T

6000

3000

Melt water salinity/(mg-L ")

2000

F, F, F, Fs F, Fs
Freezing stage

B4 250Kl kK a1 K i A2 1k

Fig.4 Changes in the salinity of ice melt water in the icing test
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2,12 P URIEEE 45 v g6 v Rl K 2SR B R 52 )

S AT, W BOh FOBE N E] FsiF, —6 C AR FE R CI, SO, K, Na'¥f i $ 75 40.47 %,
12.57%. 50.09%. 36.87 %, —12 °C i} 43 5l $2 55 35.46 %. 14.26%. 50.66%. 35.36 %, —18 °C B} 53 5] #2 &
35.30%. 12.53%. 50.27%. 25.69%, #5 &5V B BE ¥ VRGBS in i L+, AHRI R VRER TS, 45 55 I
JEE BEVA R B AT BT, R RGBS Fy B, —18 °C 12 °C vKflk h CIL SO; L K\ Na' V& Tt
20.60%. 5.16%. 10.99%. 16.74%; —12 C %—6 C vK#l/K CI'. SO; . K', Na V& & I T 9.80%. 2.23%.
7.55%. 7.67%. VtHI—18 °C AL T vKFlK theg + & de iy, B 7 BBRACR R 255 —6 °C AL FE T UKFlK
B A EdR, BT ARICR AT

CI” concentration/(mg-L™")

SO3" concentration/(mg-L™1)

3 1 1
Fy Fy F, F3 Fy Fs Fy Fy Fy Fs Fy Fs
Freezing stage Freezing stage
120 ¢ -o--18C 2000 - (. —o-_I8C
—— _12°C —o—-127C
100] ~ea-. 6T 18004 cine- 6T

1600 ¥
1400
1200

1000

K* concentration/(mg-L™1)
Na' concentration/(mg-L™")

800

600

F, F, F, Fy F, Fs F, F, F, Fs F, Fs
Freezing stage Freezing stage

B 5 S5k koK s T R AL
Fig.5 Changes in the ion concentration of melted ice water in the icing test
ZE BRTIA, AR EE AL PR, 2% Gk Rl K A B e B 5 U BE T WA KA (Fo) .35 [ (P<0.05),
X TR 5 R AR KR AR K R 0 T AR B AR oK o3 S R BOR 1—2 B R PR, [
ZiGEI R BAHR I S TR, i 58 72N LRI R 2= T2, S8 L
JE VKRR A B 0 7R BE AR A [R) v VR BT, KR K A 8 B g 5 o B I 2 T g i . 25 [
(P<0.05). J2& 1 T UKAE R R BRI, $hop B 7 HEHBOR B, DR R ECHR, AR BN IE BT
Mo 3 18 5 FE B, WA ARAE DR PP (9 3R 7015 B T3 22 B9 2342 ) £ BE 23 Ar, oK b 0B ) A2 1l BE )
SR, T LA 5 0358 B A X 5 A 1 P, S0 ) 2 245 38 12 2 T W SR8 JZ, 7K o3 ) Az sl AN A5
BTN T UK A I TR, A () v VR BT, TS AR | 370 S B 1 L BRACR 22
e 6 vz, ARl AL BT, 2% 5 AR A SRR AL, B B v R PCR A B N L T v YR
F B, 45 B 45 UK LR 2 SOT>Na>Cl>K 1 43 A B AL, 25 B8 A B SO 45 vk He & v F HM 2 7, i
18.35%—18.55%; Cl'. Na'Z5vK L%y 14.19%—16.56%, K 450K L R FAIK, ik 13.26%—13.92%. 451K
WA T IE AR 22 5, XS BT A B (B 78 B 80 A 5%, 7R ARIRLE . )
AL BT — B AR, B R ARBOR A s L 0 MPE TR S . SOk ES &
REB/NCL PR, AR RN BE AR BT, Fy W VREK P Na g vk HE 3R T K85 ik HE R, T SO5 25 vk LE %R
T Crahuk L, aTREJe th TS0 i M B+, 5 S 40 &5 25 5 RER CI K.
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——CI~ —K' —o—8S0} —— Na*
— CI” 44l A% Linear it line - K g &4k Linear fit line
o SOF M Linear fitline - Na® 25k & 4 Linear fit line
28% [ 6T 28% —12°C 28%[ -18°C a
Ky=3311
2 _ L
26% [ Ry=0.999 26% |- 26%
24% 24% - 24%
2 L 2 L °
g 22% 522% Ky2151 522%
E ~ 2 R3,=0.886 4 @
% 20% g Kagn0.568 % 20% | ! 7),:-/ —0.739 % 20%
= 2 = Rlp=0956 <
= Ryo:-=0.851 = > 7 [ SO g
S 18% ‘ S 18% / S 18%
K=2.330 i
16% 16% / ¢l 16%
’ R RE,=0.974 °
14% 14% 14%4.
12% 1 1 1 1 Iz%T 1 1 1 1 12% Il 1 1 1
1 Fy F Fy 5 Fy 2 Fs Fy Fs 1 Fy Fs Fy Fs
Freezing stage Freezing stage Freezing stage
g stag g stag

B 6 ZEvkilmvkRlzK e+ 450K A n 22 fk
Fig.6 Changes in the icing ratio of melt water ions in the icing test

Fs I} K45 7K 385K B e 55, B0—6 °C AL FEAY CI, SO, Na'4h vk L 42 55 2.72%. 5.50%. 2.69%,
B—12 °C W E 4.08%. 5.96 %. 3.52 %, 5—18 °C W5 4.13 %, 6.79 %. 5.70%. /A [ i & b B R,
HF, & Fs 3, &8 P45 K R A L RER 2 K>CI>Na™>S0> i 20 i M A, e K45k R T
HARIR 3, SO FRFE4S Pk 5 He 25 /. 28 L TIR, R TR F 7 A VR 72 otk A vk AR i 550
FETEZE ST
2.2 VR URIREE X Rl ka0 vk Rk 0 A BE 5 88— VR B 1Y 5%
2.2.1 VR URIELEE T il ok e UK Rl K 4k B A5 e

SARER] IR KB A B — B, BUF, T L K Rl K 27 50 B Rl ka5 o ok ml oK T 4k B AR A T
93N 3 A B B — B BE (M—My). B B BE(My—M,) | 55 = B B (M,—Ms) . | 7 R G,
M, & Ms, VKK & L S B W RS -18 °C . —12 C, -6 C i, 5 — K B vk il K & 16 &
4651.24. 4409.26. 405527 mg-L™" F &% 1561.20. 1051.23, 1006.46 mg-L™", %5 — [ Be vk @k 57 1k )& i
1561.20, 1051.23, 1006.46 mg-L™' F [ & 591.56., 313.47, 131.72 mg-L", & = K Be vk @b /K & 1k B
591.56. 313.47, 131.72 mg-L™' &% 361.23, 182.26. 89.34 mg-L "5 Horr, 58 — [ Be vk @ K &7 1k B A8 £k
B — W B W AR 7, A = B B KRR Ak B AR AR T 22, —18 °C B, My SR B R M T B
S UEK (10003000 mg L), My 2 Ms %K (<1000 mg'L™); ~12 °C 5-6 °C i, M, & M, J& 2 B
RUEIK, My 2 Ms SHIRIK, B My 2 M oK@l fb BE 2R B AR, il oK ot e 22 30 e v B Jlok S il 1%
W B2 JBUK e Rl A LA

5000
4000
T_': Jif 7K Saltwater
5 .
B 3000 v
} A
é 2000 . sk Brackish water
§ N
«<
z "
5 1000 R o
= S Il = S
oo AL T
oF #KFreshwater 777770
1 1 1 ]
M, M, M, M, M;
Deal

B 7 Rk ok ke e AR A

Fig.7 Changes in the salinity of ice-melt water in the melting ice test
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222 VA URIE X Al vk 56 v A K B - R 5

P 8 AT, AT ARSI, 455 T T M, 2 M IR (P<0.05); CI L Na'y KO85 b2 K
5 KRl KA AR AR A AR, B R BB TGR TR 5218 | 2 TR RS b, SO ik
T RS-

1400

1200

—_
(=3
(=1
(=3

800 | -
600 |-

400 -

CI” concentration/(mg-L™1)
SO3~ concentration/(mg-L™1)

200

M, M M, M, M

1800
1600
1400
1200‘—._
1000 L.
800 |-

600 -

K concentration/(mg-L™")
Na™ concentration/(mg-L™")

400 |-

200 |

0+

M, M, M; M, M; M, M, M; M, M;
Melting ice series Melting ice series

LB SR NG YN R e
Fig.8 Change of ion content of ice-melt water in the melting ice test

Li LR, ARREZANET, My 2 Ms oKEUR I CIL KT Na B3 2 BletRad I )R
Gt 2 TR R AR A B TR DR R A 2 AT KU T, B AR AE T UK I 2R T ELOK
ST VUK R A 3 32 S 2 T pK A AR S AL, DRI Rl B ok R O SR IR B T 2 AR T A
R, AR R AP K B Rl HLER AT R, B 1 LB A SR AR T 0K A, ZEVK RS R0 39, ok
BHRAL, WA R AR ) T IR, KA AR HE /KGR T8, B 1 HE K B E R, BT LA 1 2 i A AR
ORI, TS IR AR X ST R A 30, SRS ZE AR L. JBUK S5 UKL A LIS TR, T
WL JRIK S AE , i, % L HEER 7 55 8 7 32 SR A A BE AR, J5 301 Rl K 88 7k B2 AR, X - Heh
Or 58T TG EAE R, ) N, dEA IR, e v SR E AR, XA AR R
R I,

M2 2 IR, AR AL BE R, My AR TRl B CI>K'>Na™>S O3 i 704 L, Horpr, CIRY e
B35 R fe i, o CURREE (Y 48.19%—60.23%; K, Na'fill th L4 44.86%—57.17%; SO filt t Lt 5]
fIK, 35 30.25%—32.24%; 1 M; 2 My i &b, CI' K& Na' & i o 25 1 SO BE (9 L ) F B, HerbE—6 C
Eﬂkmaﬂijﬁ, FEAR T 14.91%; AR S, SOT &t i 8 7 B S BEAY LU B TF, —6 °C mHE R AR, S 17.28%,

X5 B R U, UL A [R]85 78 Rl Al R vl b L A R 22 5, DKRK R e 19 Na-Cl AU JROK,
BT 22 i SO, Cl-Na B A RUUK, Bkt Fe-to 2 2 7 F 37 7 iRy 7.
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F2 KK M—M; B F2EL
Table 2 Salt water ice M;—Mj; ion change
A URIRE/C LY Cl/ S0/ K/ Na'/
Freezing temperature Melt water (mg'L™) (mg'L™") (mg'L") (mg'L™)
M, 1029.23+83.11a 211.67+18.21a 78.68+7.24a 1229.14+71.61a
M, 313.03£19.85b 180.26+13.76b 27.00+2.75b 480.56+45.71b
-6 M; 216.47+15.37b 127.92+11.51¢ 17.88+1.40¢ 332.54+23.54¢
My 95.83+10.40c 82.25+6.83d 8.73+1.16d 164.95+13.13d
M;s 54.17 £6.90c 54.40+3.74d 5.53+0.64d 98.78+6.90d
M, 1118.23+96.94a 231.91£16.76a 82.38+11.60a 1483.32+108.14a
M, 381.34+19.29b 196.03+20.07b 32.54+4.35b 625.83+56.64b
-12 M; 274.50+22.23b 144.01£11.47¢ 23.17+4.56bc 436.95+42.77¢
My 120.97+18.95¢ 90.92+11.32d 11.24+1.70cd 209.69+15.30d
M; 65.73+6.99¢ 63.69+6.79d 6.68+1.02d 125.60+9.80d
M, 1257.73494.81a 270.04+17.52a 94.26+6.51a 1671.67+£100.56a
M, 633.77+£57.89b 219.30+10.66b 45.61+£5.72b 896.18+52.69b
-18 M; 381.10+40.01c 182.42+16.46¢ 28.97+2.29¢ 587.65+45.48¢
M, 214.27+15.64d 131.83+8.68d 16.72+1.85d 356.21+44.61cd
M; 123.104£9.21d 89.07+8.15¢ 10.05+1.44d 214.86+18.66d

R P P AR s AP R NG FhERoR 22 5t 18 35 (P<0.05).
Note: The data in the table are the mean + standard deviation; different lowercase letters in the same column indicate significant
differences(P<0.05).

3 458 (Conclusion)

(D) &5 vKkakge b, vRKRl KD Ak BE 5 5 iR B2 B v PR LR 0 AT b . R TR B2 AL BT, 4% 9 vk Rl
IKB A BE 5 S - Mk FE A AT AR /KA (Fo) 38 (8 3 R (P<0.05), Fy 431 Fs HOKRK B 10 B 5 35 1k
FEGH T 5. 45 BT A VKR IR R AR 22 5, B T4 UK LRI A L APR 2 K>CI>Na™>S0; 147
ZiTpSXE S

(2)FhvkikEE h, M, 2 Ms PKElKE R . ClL K, Na' W B SR B0 e bk NI, 2818 N, X
# T R A AR Ak # A SOZHk R B R AT R vkl K i B R0 A9 Na—ClLRL K, 1% i 5 AR AR
SO, Cl-Na By f sk .
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