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Abstract

Salinization caused by the high concentration of Cl- in water has become one of the most serious
and common environmental problems. This review aims to provide comprehensive and up-to-
date knowledge and insights on chloride removal technologies. At present, the main methods of
chlorine removal are chemical precipitation, adsorption, membrane separation and advanced oxi-
dation processes (AOPs). In chemical precipitation, Cl- is removed by forming CuCl, AgCl, and Bi-
OCl precipitates. The main adsorbents used for chlorine removal are ion exchangers, bimetallic
oxides and carbon-based electrodes. AOPs include ozone-based AOPs, electrochemical-based AOPs,
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and peroxymonosulfate-based AOPs. Membrane separation processes include diffusion dialysis,
nanofiltration and reverse osmosis. These chloride removal processes still have many shortcom-
ings. Therefore, finding more effective methods of chloride removal remains an important and
challenging issue.

Keywords

Chloride Ions, Chloride Removal Technology, Water Treatment

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

SR TR IR TS G i R H 28 7 . KT IR C ORI T Tk K, JoHRAE S R if k-
AUBLBRURT Y Bl A IR AL AT [ 1] o SE B BR VKGR AL RS 47 WAk 2 T8 CUAESR ST R KvR 38 2]
AR CrARZ T (1) RWEE., fEIELSIEE]: (2) MRl EREG[4]: (3) fMHEY)
ARy @) mESRAEALE 1) EJUHER, BOKMERTRARE AR 2 X AR A Frgn[5]. i, 8
DI R B A R H T E T R Bk AR i & 8 CI

H1F CIA R K ERU A AT AE R, R MK LB — D B RRE ) TR0 L. 32 B S B AR AT
PARE D AR 2): AA000Eis. WS B BEOR M ZEA R [6] . 1X 28 CILBRTTIAR] L%
FE R EWE 1. BIRIA IEREEARIMAAE A R Z Ak, I, BEBRE BRI FUit e
X MK BLSE 25 5 RS i Vi (7 AL R R A B e ASCERIR T CU L BRBEAT iR CI %
BRIGEE . ), R RRIERAR I T R GMEE A T, FATHR T — 250 B AUB AR (1 I A o

BRI LG
Rt | bttt e 1
! | I = ey, \
| mmmmmmm NE - P bmesiniisegoints fer 1, TEEEBME 1
N TakgK ! | EETWELR 1T TII I
| b ’i‘ ------------ ‘:: e
P mS e 5 ) ey
LoEE | I |

s

Figure 1. The source and harm of chloride ion
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2.1.1. CuCl
AT LA Cu A1 CuSO, 1E NITIE 7 22 BB AR P i CI [7] .78 it A2, cu® 5 cu® B2 A% Cu®,
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Figure 2. Main methods for chloride removal from wastewater
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2.1.2. AgCl
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Bi, 05 th /& £ R &AM HIUTIE ] - BiOs FERRTE S5 1 R VA= hk Bi®*, 4R 5 5 CIT A H,0 [ N 1k BiOCI
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Figure 3. Chloride removal mechanism of ions exchange
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Figure 4. Chloride removal mechanism of bimetal oxides
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Figure 5. Chloride removal mechanism of electro-adsorption method
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TSR P B v AR U B e i — . AE— TR T, Rasines &5 A[23]114% 1k & - IETHR
SEIREAMEL. 85 MRk AN T AR SR, RS T e R RE . R - TE MR
AR AR B B S B AE 1.5 V I8 10.3 mg/g NaCl. 53— v e il B W Bt 6 0 () 7 125 R A e e
HMK 5 2 BRI 2. Wang &5 A [24] DATE 2R — AR R O S5k, i 22 6 SR B FBtbe il 46 1 3511 515
FAEL . XA E SR AR RIS B R R fa e . B BRI R 7 EAA M
HL A7 (1) 2 S T B0 A A T A AE R BRI, S8 T B A B AL, AT iy 1 HARORT CI IR B i
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4. BSTERR

LEROKH) Cra DA BBk, BARY Busr. MEMREE. AWMt —Mi2
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4.1. ¥ 8usH

Xiao 55 A\ [25]K4 Bt T L B R MR B BR B FARVRU T 1 CI o BRERRCR S 50~70%, HFHk
BT 1%. ELE CURRE ., ClkfEMizZB 2T, M HSO, MR . K2Ry CIHIL#H
PELE HSO, K15% . 5 CIAHEL, HSO, 5 H0 HIZRMI I, SEUKEFAER, AN TENFLY]
BT AR R FREEME R SR pH A K. (ES R TT, JEGEHEN T EBRaE TS
TR CI[26]. CIHIZEMILE — KRG 2, KEFDY CIfKa Rt E =i/
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Table 1. Comparison of chloride removal technologies
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3) W BRI AT A 3) % pH HISEMAEK .
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3) BeEARAHEA, 4) T EIINPUR A AT YD, X
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1) i 1) AR RS

FR A AR oy _— 2) Kb A
2) SR T 4% R 3 LB R
4.2. HhiR

IRZGIEINFBE vz T 2Bk Cle fE—TFFeH, MK T PURR RS ML g8 (NF. NF9O.
NF270. DK)XJ FFA KR AL [27]. NFOO XA ER Sh A1 2 BR300 80% A 94%., FHAth —F Xy
THIR R R BRFN 8%~10%, XA EFRFN 14%~35%. CI LR TR LRE, X2
BT 7K G FH ) 22 S DA S S D RL ) S5 R0 ) AN R [28]

ER—T T, @20 NF270 R T o, DAR s F it sh ik Re[29]. 7250 T 20T
T, SR 2K RN = P R USRS (R D7 V0 0 5 i SR Tk e T 78 2 NF270 i 21 J5 1 NF270
JE Y] NaCl 4 5 R b5 4 12U R AR inma 3 n . &5t 48 A 72 DU G, 2ot 1) NF270 ik
1) NaCl [ 2 1 25032 &1 % 98%. AATM, 75 7 ik R BE I ML 0 i Z BRI T 2ot NF270 i K .
TERAMGIIERE E R DI, FEAR R N T ZRi5 Y, N R IR BN IERR 2B K R CI s

4.3. RigiE

S5 B NG ER R RE— AL T N0ENE . Sz @I £ T Z VIR IOV BRIR AT 4E 3R K, L NaCl L BR&
1% 98% [30]. {HHFE K VEMIIAE E MBI, B I BEEOR A TR, R I R & 1 (TFC) SR Zh &
i, RO RIB B T2 SR ) Z KIE[31]. 2R ERIE KM B A . SR R
AR ERVE REAE A VE T Z R T HIRAS . S MALR. B S ik, SRR B, A
SENGINA G R, AT DS i SR I e 8 52 R P 6 28 RE AT K Ak

TFC 5 FA i £5 P REAZE K 1k T2 B T R R TS . SR AR[32] . I AR i fAe . S03%
JZ BRGSO G ARG EL, W] L3R R TRC AR fid £ 14 BEANZ K E[33] Wu S8 A
[34]5R FH A i P 5 S0 S AL SR BN A% G2 BB i kAT — RS HR F  BE  iedek, hil6 782Y TRC . il &%
(¥ TFC BiRmeH, HEA REFIKMREN. SEGNEEBMLL, AR NaCl fr B H 115
T, HEKVEE . H1E ) TRC B (s R A UORSS T NaCl B ¢, T HaRm 1 AR b A Ul
SCACTEBRHIAR R, 80 T HRAIASE k. SE R K P ol T 2R i ik S S A TR IR SR R R B ] AR
N SR e T R 2R AR PR R
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AOPs C\ ) V2 N T H WA . 58110, FIF AOPs %&kk CIrFIWF 7t ic R . BT, HF 25 CI
] AOPs fL4f 5.5 AOPs. Hi1k2% AOPs FILBRERE: AOPs. B T AEeOH 4b, IXELH AL ] LLAY i it
O3 HLTHEREAIG M SR T B 5L CI o AR Cly SAMARHE R 5 nT B NaOH ¥l i, (HER 4 Cly Sk
VTR, MTIBRAR T 2%

5.1. K& AOPs

KA 5 AL KB BN C ) 2R . fERRTESME T, &2 EER & M[35]. KM

N
2CI" + O3 + 2H" —» 0O, + Cl, + H,0 (@))]

H 0] DU EIX — B[36]. hAt, o i 4 251~ mT DU ik Fc A7 R B g % A% AR 112 OSE IR R 47 [37]
FEHEFIENE S5 T, EERER(CIO; )2 F E =), maFRER(CIO, )&l = H[38]. %A F Hh 2k f Sx
CIO; [T B Y AR FH o 12 5 24 B R R IR T BEAZAE T IR BN RS, CIO; 8 AN T AR A
CI L) EZ L 2 CI50H M ZAH AR LA K CI, BIES1 - H B AR TE . «OH Fi/ak, CI
JE I A G R X CIAE =W AR B R A IR KR . 7E R BRI Fe* ] U4 H5OH F/ak CI Ji
TIARGER, MM{Eidt Cl A =i A4 i [39]

Liu %5 A\ [37]R H 5% AOPs 2= BRSTHMIR IR £ F A 1) CI e CIMREE W] A 300 mg/L %% 5 mgl/L.
O, I B2 RN SR FE AN O3 ¥R FE, X #85 LBRF B VMG, mrA i AR O AR T CI7
LB, B O BN, RHEAREIE . SR, Oz IRFEEHIBE O, P E MM I PR, Ft, Bt
O, MBI, CI LR AT . M ClEZBRENH —MHEL HIKE. BEEWRE HIKRER
Wn, ZBRERE R, XERNHZET CI5 O3RN . 3T HEEAH MO ELILH, Mn® m] L
ek CITRI O3 Z 1Al M. Og KF MnZ PR AL A MnO,, 4R J5 FRK: MnO, 2218 %4k 8 MnO, . MnO, &
— oAb, Beds CI2EAL Rk Cl, [40]

5.2. BH{LE AOPs

FF BRI Ak 2% AOPs JE'H & BHASA L. Wang 25 A\ [41) 80t 7 — M B PR e &, FH T ik
s BT AR YT R K 1 CI o L P A2 B R FH A S AN o &5 SRR I 12238 B X CI IR 25 [ % 25.08%,
T ERFE AR . i FEK X N FELAR I, 25BN 30.49%. Cui 25 A [42)F FH FLAA - FELIB M2 B 25 i id:
JHABR R K R ) Cl o FRIALES BE 3 a2 i 1 B, (HPRR T AR, SRR ETHFERI Y0 .
ML N 62.5 Alm? i, HCRE  HAEFERR. BT REE CIIRBE S N i, S8 Cl kBkx
L L A . M BB IR K R CIMRFEE N 19.2 o/L B, CIHIRBRZFE A1 %] 83.30%.

Wang %5 A\ [41]/0F 7R, BRI AR CI PR MEREOL TRk ot . B ARERIE F AR ) U ok ek i 559
TR A, T HARSE R R B, HERSE FARTE CI R BR T A IR KR R R . Mok, TEAkEE
PR R I N A 45 e S A 2 i — 24 v AN PR 2 S P R I — 7 922 43]

5.3. I FERER AOPs

TERRMESAE T, CLICI (A ALIE R ALK T S,05 /SO2™ . [Kitk, Nt hifzth AOPs 2 FRIR 1 IR
IKFH) CIEARARN S B iE b BRER 25 vl 7= AR R AR H B 35(SO; ). A B 7 H AL (0; ) A
LEA(0,) (WK 6). XELEMER T EAREIN:, BEEK CIELK Clo TR BRI,
AL B ANEAL . A TRV 4B S AL S [44] [45]. HOFAL AR B R AETE T RE R OR S NS R 1
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Figure 6. Oxidation mechanism of chloride ion removal from water by advanced oxidation of persulfate
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