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Brackish water desalination and efficient application in
Zuli River catchment of Loess Plateau

SHI Dongping, TAN Hongbing, LIU Zihao, XU Peng
(School of Earth Sciences and Engineering, Hohai University, Nanjing 211100, China)

Abstract; To alleviate the shortage of fresh water resources in the northern China where large-scale brackish water
is widely distributed, a multi-stage freezing desalination experiment of brackish water was carried out to reveal the
mechanism of water quality changes during freezing out processes. The experiment indicates that the methods of
freezing and icing can effectively dilute the brackish water and the desalination rate of ice melt water can reach more
than 60% . In the multi-stage processes of salty water freezing, the different freezing rate of various ions can lead to
changes of ion composition in ice-melting water at all levels. The conclusion is that the method of multi-stage
freezing and desalination of saltwater can be widely promoted and applied in the local for mitigating the predicament
of local water shortage and the potential harm of primary salty water irrigation to the environment. The advantages of
this desalination are that it can make fully use of natural cold energy in winter and realize well economic and
environmental achievements. In addition, it seems to be very simple and practicable, which can be implemented in
small-scale households or on a large scale. It is one of the effective ways to solve the difficulties of domestic water

use and agricultural water use during the spring drought.

Key words: brackish water desalinization; freezing experiment; ice melt water; ion migration; removal rate; Zuli

River

TR AL PYALAEARN T R WOK BEIRA 2 T 2 T A PR R A SR SR, B
o DX A A A AR X B UK PR, R E R RN E Y . ST R (R ) MELLA s

EE&TH . FREAH R (2018 YFC0406601 ) ; IR H ARBI: 3 4 (41872074)

EE BT . B (1994—) Lo - Fge AR, BN FKSCHLTFST . E-mail : pingd41221@ 163. com

BIEEE. WK 4%, E-mail;tan815@ sina. com

Sl AR B4R LIS M52, 55, B 4w AL R BUBUKIR A5 W ORI FE [ ) ] 244 ( L ARBRFAR) ,2020,48(4) :300-306.
SHI Dongping, TAN Hongbing, LIU Zihao, et al. Study of brackish water desalination and efficient application in Zuli River catchment
of Loess Plateau[ J]. Journal of Hohai University ( Natural Sciences) ,2020,48 (4) :300-306.



55 4 1) Ip 2 A g S D UK IR AL 5 v AR 301

) AR T, SR B B R 7 ik F BRI REK , — 5 T 0] LAAT 8028 fif b DX 7K fa AL TR 55— T K
HRUK BT &R TEFE , RS T R TSI R IRK R R K F B AR AR XD,

FELDT AT s AN T H R 48 v S B PO e AL, 2 T ) — R AR AR AR 1. 19 2w’ IR R IR T ARR
WA 3t R AELAT 5 DA T B, TR 2 T T H VA S O B P LM AR s S HOR A & T
B BESEI SR, BRIE X AR SR S0 A AT IR K B UR AN, 483 A Sk AN 38 S 1T 7K A 2 i K, e Ak £
53 (TDS) #AEH 5, K&/ & T L E A FH 035 80K 17K Z24F TDS SEH4ME K 7. 8 o/ L, 2 E -3 & Eh i
B BB 2 —7) T 10 4k, YR T R BT, Sk T & R ER MR AnEER AT, HETE K
FUBALAAE, R RIRE | BUKEEREY S DA TR R (A NI R, K K B B K I
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FEARA IR IS VAR (fEIR AT IE 2] -20 °C) |\ — RINB TR 4% . TDS ML A | fL F K F 100 mL 7K #

TGS AE A O T IR0 45 R P A 2 K ZRIR AL T2 AT AT AE AR D TR o % 4l i e ok
BT Kt RTIFAKFE M BRI E B pH TDS S5k Ak 2= 280, 1ERAE Y RXT T A RS 0. 45 wm (0 A
T2 1 U8 B AT U8 S5 (ARE 5 % B PR AT A B Sl K v SR f i e A (9 SR, B3z [l S &= i — 25y
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Fig.1 Experimental flow chart of freezing and icing

1.3.3 ZZHFRESDH

L3538 N pH SR FHHL 38430 TDS I HZE TRk E L BE AR 41 i SO5 .Cl \NO; 45 B B 7E Tl ifg
K2 R W58 TR 1CS-2000 B F 350 E (R 22/NF 2.0% ) ,K* \Na® Ca™ Mg™ S5 PH B T 7L 04
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1.4 RHFRWERSH
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FHXTRI G KAE 25 9 vk Rk 1 EC {H  TDS \pH & FEA%, HN T 2030 IV 2 vk Kk 22 90 i A3 /& 1) A8 1k s
(R 1), BUKBYEAIZEE L (SAR) A2 RAEFOK H AN 2S5 8586 25 1 A0 & 2 (1) L S48 b, X 4R ok vk
KB koA BAA E B, AR SAR B isOK HEE 23 5 R IR RURE_ I 09 38 3 MR8 | BE B 1 s e 1k 4k
BT, I P EC e P AL 45 7KAE SAR AYZAETL S TDS AR (LA IEAR —EL, TERUKEE 1 By
By vkad B rb , TDS PRI 6. 86 &/ L TREE] 2. 63 o/L IRALACRAE® .3 . SAR L 9. 95 F&fIkM 6. 96,
BEHH Na®#E A VKA EU BB SR T Ca™ Mg™ HuBil, Sk ARE S HF5E R, 4L 2.0 ~ 3. 0 g/L i, ] 3
BE—AEY) , AN S bl Al . PRl BK 28 —Z0R 10 5 7T DAL 25 AR Ib R , 38 R AL 72 B ol Rk
RAK, T ZuKElKAY TDS 20502 1T I IV R IKER K 1) 91% 71% 46% AN 5 vKER/K & TDS #9 17.57% , A
I K 45 vk R S BER J Ha 1) TR A & 4R IR IR /K JE 2 vk, JBK 5 45 vk B LA | SR K o B8, X
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Jir PR DK Rt BRI T A AE 523 S0 CO, b TP AR S iR S AR | /K M SR ek, HLF A UK 7K 23 B VA
Wi 4, i R S AR 8 Wk B ANl /N | e 2 B0 T A VKiK. pH AR T R i AR fL i 3
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Table 1 Chemical component analysis results of initial water sample and multi-stage ice melt water

B EC/(mS + em™) pH DS/ (g« L") R B p(S*)/(mg - L) p(B¥*)/(mg- L")
IR KR 9.01 8.58 6.86 9.95 7.93 1.32
I kK 4.55 8.12 2.63 6.96 4.00 0.58
| NGV 4.61 8.21 2.90 6. 68 3.81 0.53
T vk 5. 60 8. 41 3.69 7.81 4.52 0.71
IV 4 vk gk 6. 84 8.39 5.75 9.19 5.72 0.99
R 18.90 8.62 14.70 14.00 16. 11 2.42

1.4.2 Bk S BREX AR 0 8 F 5 A 6%

JHK 22 R VR 2 VK )3 A P 4 G oK oK B 25 VR B S0 a /K FEAE LU B B R B 48 B i U i Set i
B A AR IR (R 1K 2) . BUKE —Br BER VKA IR AL 72, & 5 A0 & AR fh de b 0 3 IRk
FERY NO; AR HVE R K AREREAR T 10 5, 26— HUKARIR LIS FEAR T 38 — N 9, Na®  Cl s vk B
AKIFEE T, S350, T L3IV Rk mloK B ik B RS IR AR 2 R a3 (K 2) R R B 22 AN A By
Baik AVK I LR TR, an il 3 s, A6 T ok ik i, Ko iF A UK i i B 05 &, o5 DK Rk B KT Y
24. 17% ;NO; Fl Ca™ HEA VK S A L3R 2] T 22% DL |5 CU 45 pK L AR , o5 vk Fl /K H i C1E % 19. 76 %
5 BT HEA DK LR R ARIUF 2 K >Ca™ > NO3> SO7> Na™>Mg™ >Cl, B2 Fok R i it g , 25 8 7
VKR L BHEEE I B T H< M R<MP<IVY, BT BT A F B Btk A vk i) LA [R] AT B B
VKRK H 45 BT T b B Ee B bt 2 & AR AR Ak, N T B3 IV Gk aluk , Na® | Cl 7 vk ok o i He A e i ot
=, Na® 1 22. 14% L T48]23.51% ,Cl7H1 22. 82% T8 9. 75% ;415 ,SO5 \NO; e @bk i) He A or T R,
Horp S0y i 34.90% FF%%]33.85% ,NO; H12.21% FRES 1. 88% ., vKh/K HEg F 092846 T80T S B Ee
ARAE (4RI B LG R 6. 96 393 9. 19, PRI, Bk 22 908 VR 45 vkt B8t 2 A [A) 25+ F8 o0 A i 72, B
TR R T AR AR,
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Fig.2 Ion content changes of multi-stage ice melt water Fig.3 Ion migration law of multi-stage ice melt water

1.4.3 BAKSBKAIEGEFEHhE
AR B vy SO D T R K R 1) B AR B SO0, B IBOIN S o rh S AR ) BRIRER R L B
TDS ¥ , %t Z KR IR AHOR LB F R R R AT, B FEBRER 1A= (C,-C,)/C,x100% , H

H1Co €y AR JFOKAE V& RAR A0 BE S 1 1Y F2 AFRGBEIEBHRETHERE

JRERE Table 2 Removal rate of main supernormal
T2 ATLE . 2K K R4 E5 ions after freeze purification

TRV VKR T B I5  R BRROCR S B oA el BB/ %

LKA ST ERRRENRAET, 0 eme  ms o N s

KRBT 63. 8% , B Ik A S B ) B R U 1% 52.5 61.7 63. 8 61. 1 58.5
T 50% . He R HES N A F> TDS> % 52.9 57.7 55.4 56.2 53.7
M2k 46.9 46.2 54.2 60.0 52.4

@ﬁ*&%%>ﬁ;@*&%%>;é\ﬁigo %g&?]‘kﬁmﬂ( IVZE'( 34.5 16.2 43.3 51.7 41.2
BT EBRAR ARSI & A AR R, B A B
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B VRES VKA R P BT ROE A DK B R AT . A ZKRK S BB RIS RO R, BB Ve TR
FIREAT 25 O AR A0 T BE S ol & b B8 R 0 35 R B i i in - e AR, 2% KRR B 1 L BRAR SR
S SR8

2 BRKFRUBIKBERF H

S IR PRARIRAR B i A Rl L BEA A8 2 BT (85 A oK IR A A LE , DRVRIR AL T 5 B e
AR AR (ORVR Rl AL o FR A TR K I 28 T A 1/7) R 2R AR D T i Sl ) e X KR 5 A 1) ol
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FOKIRIRAL ) T 2B A RAR AL 5 7K B A S M4 P K P 25 A 35 K BeA T REE K, BR TR AL 17
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ML AT ARV VR S FEUIMEERAET , fo Rl o sk, ) P EAVE il B Al o, e 9 ) L BE AT LAy 22 3t /N RIS A B i
AR fi R

B4 23 T AR T 0K 2 Gk RIR A AR BRI H A 2 % M T 2 T 20 R A8 . 15 e 7 35 s A 2
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Fig.4 Flow chart of multi-level ice desalination of saltwater
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