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Zero Liquid Discharge (ZLD) Treatment of Industrial Wastewaters
with Solvent Extraction Desalination

o] B2 APE § € AZE Sdie AT S9sh A8 WA L HdiR A7]ouA] A8 EAR weA)e]

€ 88 w8 ¥ Al S AAA g stey aed 48] oe Aot

71 #HHo] AAAL SIeHDavenport et al., 2018). = A28 & SFE 2t 712 &0 uet 7hade & S=E
oA Fivlee B w719 didol obd F7RRl 721 B THE 54 BHIE ol8ste] ARt £t &8 £

& 7FsA ske 7MY Sle AlEe® oA Slok AR 34 ke 7lsRA, 1960dd ol ARG S ARgSte] I 7t
o) AkER itee agelae ot 3t edEES £ $4l A% HuE$ickDavidson et al,, 1960). Directional
12 glo] AEA el A7) 7[HoRE Aoyl 414 Ut) E3]  solvent extraction (Bajpayee et al,, 2011), Temperature
VA 34, AY7EA A2y SollA AAEE H4> 2o tf swing solvent extraction (Boo et al., 2019), Solvent—
Fog xglujo] Q= GEA o] EZS MESHA 227} & driven water extraction (McNally et al,, 2020), Solvent
7hsste] gl E Ea-slekao]l S o] 83t ©9s) S extraction desalination (Choi el al., 2021) 502 W=
AXA wed, o2zt e W o kEd ANE da RSS2 Vel A a9 &A1Y a9t §le
2o ¥ opet, AP & et £ujof &g flske & A% ollvA(Low—grade thermal energy) 75| 24 7|&=
ARE AU e, 53] 1Y F5 Aol et 27] $uiFE Edt ¢

1= TP ge fe oE vRleR SR v Fode @R A ARER O 7kl SEEHME
w7 34 Fol AEHL Sick spANE S E 7A=Y A L a9 olE vkl ¢t B BAE AEA
S o¢ 29 7R 7lke R 5P mhee] & FolluA] &2 C= Fpdhe wlAUSe] it o] HEsHA o] FofR|A] &
A7k glom, uf g FAL o] edEdEel i Jrh XS 1960 Eejotto]=(Polyamide) AlE v

She AR SE] R B2 8 Yo Qlslel 34 AR MR & gt A B V1ol o 22 34l

Ofr

SE]
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ATEo Adiez §ujrs 7R 2 34 2 Bde T & 7P S ofER] oo 2k mE gAst 54 Wele
Al Sl dorle SIS 7ed] oz At N oR ARoM &

AT Bo i A g4y AR oo BAklo] 2 E S Holil BIE oAl vy W F40R
Axol weh Tk HeAe] A28 (Zero liquid discharge  88140] Aadks EAE 7H 2= W] &7t 284
system)ol tigh A AAZRI Fhilo] Frfstar $ithTong et al., 258 BE a4 EARRE 7|9 R F8 7157
2016). Aotel= W A 4 9 geAe] B9 B8 5 (Hydrophilic moiety) S Z3ohe 2F8H4 22 Hof gl
7k e Amee] 344 S T 5o @ o @A A S dd S SR 5 skl ol
Bo wlgr ekt A Alad 240 "aAo] A Autez o2 7]2ke Aiehd, W2 250l N YRR vl AR
SRt Qe A AAR R TR Ae] AA'RE oF 1~29] o] ofql £ S4Y] EA| sk, olF Folf & EA%l 4
g Jeol AS A glom, #A Ve 2 e ATS JhsA gtk oo, ofyl BAte] 444 L(Alkyl)
27 gohs FAlol, D5 HFf A vdy auks FAA & Bt

A7 w4 B AP ALEe GU8 w5 w5 ATE =90 o9 BiE 1ol ¥ 259 A3

&

1Pst FAE BE GoUAE V9o sl SRl o&st  (Free rotation) @/FCR s & #AL N 97 7] 44
of $PEIL gtk S T JAR dojl FF Al A AR 24 1M ATKSteric hindrance)7t Yolut =1t &
BE, g 1Y SRl WEATIAY 7H Sl aFAt ) 1] BefErt Ak ot = 2EolA N e =
B 5500 olgdr), FRHel wetdoR &bl vE g A B gadke AR dEjA ek offdt @95 dike
TR AE] ALHE SRR E QAW 22 &Y E 2 Qs o)A ol EAjof 4 AR B BAL A=
AR Hlg wize] 2 Ao] AgHAo|t, Zaxsk, o) whet gufe] & g do] Wolx|A Het,

S At upet o] Ay wlar Bl AlAE S Sfgt 3740l 285 A=/ (Low—polarity) &= o4 &4
G 3L =2 oUA7E AR aElE FEol AE] 7F o digh Selwrt e W) wiEel B A AEHos g4/
% GE ARl O uh &2l 34 ol A8EAL Yot EofsiAl En o] & §uld(Solvent phase) 2& ofF
1 7]eA A9 ZARo] kel & ofpdlElelME e g SHA] S oA Y 27t o]FolXin),

A 71&9] IAE FEskL, w2 ¥ w8 e 34 Y 2= R B Selle Rigt E4S Hols $uE £8%

e Aoz 349 Bilo] e 2= W 8 FEE ok ofnf H(E)e Sl 1] S/4At] mie] F ddle ¢
4 As] AolA| o olF A (Biphasic)e FAHA .

S Foto] 7|9 g Bl AA"oA A8 d A (1) |uj53E o]F FAH s=5(Dewatered concentrate or

TRsAS =olalA} st raffinate)?} £ $Hp3t 2ll(Water—laden solvent)= &2
Aow fefpitt, (M) =gdos Rejd &2 ogh &l
=S 78 2 =X 207) AT = 20~60C =9 d& 7ot §ri9] & Gai=rt A

SHA Ha, AaelE AeE deth (V) 899 225 o

ufj3E 7N g AL Rt W2 FA(Low—polarity) Al REoE2H GuiFEE &8 3A0] o]Folxitt,
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——
Dewatered
Saline Concentrate
Feedwater -AT B | (Raffinate)
Mgz
Low-polarity Solvent +
Solvent _ Water +sat
TH :Aj
Product
Water + satt Water
a2l 1. 8iiFE A 71 oiAHLE THE= AHA|5] K7
B 1, 80iFE 7 ©E 30| M Jisdt ot B3R ¥ F2 EM
L= . =
2xj2 Asfia|A
ol =2 == oX= e/ }E°D (Dielectric ?ﬂ,kl ‘;T (g/L)
mo a
& Constant) at (0)
NH,
2—Ethylhexylamine /\/D/\ Primary 12.5
129.24 NA 10.41
(EHA) 8C ’ ’ 20T
(CsHioN)
Diisopropylamine )\ J\ Secondary 100
101.19 3.04 11.05
(DIPA) N 6C : ' : 20T
(CHisN)
H
. . N 1
Dlp“(’glyjf;mne NN Secoégiary 101,19 2.90 11.00 ;g
(CeHisN) C
Diisobutylamine )\/ﬂ\)\ Secondary )
129.24 2 1
(DIBA) o 9. .70 0.50 200
(CsHioN)
n\
N—Methylcyclohexylamine O/ Secondary 54
113.20 3.64 11,04
(nMCHA) 8C ’ ) ’ 20T
(CrH5N)
N-Ethylcyclohexylamine N Seconda 24
v é CHA)XY () o Yol 197,93 NA 11.15 oot
(CsHi7N)
N,N-Dimethylisopropylamine Y Tertiary 100
87.17 NA 10.30
(DMIPA) N 5C : ' 957
(CsHi3N)
Triethylamine T\/ Tertiary 46
101,19 2.42 10.65
(TEA) r 6C oL : : 207
(CHisN)
\
N,N-Dimethylcyclohexylamine ~ Tertiary 13.4
’ [ ] 127,23 2.86 10,16
(DMCHA) 8C ’ ’ ’ 20T
(CsHi7N)
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SYHE0| Jkset B 2R

ot2l(Amine) AIZo| 7|20k
ol7l(Amine) "2 474l 1960 G52 7k &

A 71Ho] A 1QkE|9kE WA Davisont Hoodell ©J3l] A9t

H ol Frtole) ohyl B} F4le) HlEf S

Yrpe] FAJo] ol wrel Wstsh Eate] et gzl

t}. 1*HPrimary), 22KSecondary), 3*KTertiary) 5 o2

of ofylo] gul3E Yo 34 A8 4 9low], T2 58

A9 N
5

A=) B ARHCr S 7HIm O 90~130 Da Hiwe] £
A 741 ofilo] Gz T 34 4
G G, BAFEE BY ofwle] ofe] BelTH 5

Azgshet] olo] W AR A

ol HE Ao

FI2E4(Carboxyl, C=0) I8 Z&lst= X[t
C=0%} O-H 7I5715 Eshe 7l28d 15 das A
4 A1 A gt ol 7R 871 EYs)

‘;.x]

.

HPAF % 3R] Decanoic acid 34ColA F 3.8 wit%,
80ToAE oF 5.9 wt%e] & ellAE 4 Qe A= o
A Qlek, a2ojlA o 1,58 &2 &aeE 7R Q7] wizel,
SHA] A7l ol AHE] Bufieks RIE IR0 55 F4
St ALoA &2 WEshe FHE g 3780] ofFoixi,
Luo et al. (2011)& Decanoic acidE d8slo] 1%k ==
FEEE g 396l AFE 3T HE Sink o] AtollA
23] Ba} o5} A|Ego)d(Molecular Dynamic Simulation)

2 23} Decanoic acid7} E3HE wj B Eajo] QX 4 A

M H|YXM(Polar aprotic) 204
Dimethyl ether (DME, CH;OCHs)= =4 H|ofx}Ad L=

2 MIT Lienhard 2504 Sul5& &

AzEloion, "ofshy mElga} 3278 (Nuclear magnetic

Sl 2 HAE 7ol

FAol ] 2go]

L=iife]
o=

resonance, NMR) 7%
2= AcHMceNally et al.,
OH- =& N-H Zgo| §i7] diwoll & 24t 4~
Sl o] QA 71 g/L A=Y &

%71 ol &

9 IR A At Bl

2020). ©] I4 Bl Suil=

s 23S

ot

Bl =S 2=tk

TS
K
gt A

AL URER] LA} o Uz

- X 1,

S

ko A (Dielectric constant

olct. et 2 (Vapor
F=I o] Eejrt golgh vt
W, WS BEH(269 K at 1.0 bar) 08 Q] 24 38 A7

o] tHDeshmukh et al.,

¢.022 ASa) $3f &

Jﬂ
rlo

pressure = 5.9 bar) o= 23| 3

02X Hx|(lonic liquid)

AE~100T 25 WY Well i ARz EAske oA

7] Bo 4712 W Aol A, oiiieie 27, B
55 ol Hel Bx9) 3o Bl ek, ol B2 L 4

& =30 At 24 AA 4 HFo| 7k & ot W
& s 7L Qlof griaE BE 30 asd A8l
E(heteroaromatic)S 43| 7|
S =H] o2/ A7} XAt /o] Atelo] At
TR ofFA st &&= Wl wkE 5| {aj=E 24
= et Guo et al. (2021) N 7J3t 0] 12]aigha(N—

heterocyclic) TAE E3] ARE o]A WA E L=z &

ol

ofr

i

g2 53l Decanoic acid $Oo% o5k Z& Holagle, 4= 340l 23siglrh. HE Fol&(Sulfonate anion), of|ch
AEH o)A 21 53 L8 & BAo] A4S vlgoa B ZE(1-ethyl-3—methylimidazolium), ©]9|=(Imide) 20]& &
9] =g SO, ot 3 Ha] A &9 Tl S 7IHReR Sk oA RIS AR dAskglen, Y
A= 350 KoA Z¥2F 8.8%, 7.1%= VERth 9 Bz} =964 weld(molecular dynamic simulation) 7]
& Folo] o wet Walshe 23] EeleE ekl

A mAUSE st
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T2 2. S5 7jH 2 20| of
20iFE 25t 2H Ms

L2 gogl d4FAL Choi et al, (2021)2+ Alotaibi
et al, (2017) 5ol oJa Aot v} 9o, FEHo= D +
4ol Yol et @ B2 S0t &Y I =

(Brine)2] A¥ie] @ LEHBHS olgelel 2Eguzye 22
Helol w2 FRET Qe o/l 3o A i
F50) web 228018 7Qe BV} Bk 4 gk, o

'f-:“:'c.,:\'-_M’ter
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P

AA| 5] E.7]

E0H(Guo et al.. 2021)

-
.

He 7h AA2EA A o

@ wAolA

F2809} @
WZAA 2Ee0 o B Hejels 20w 74
ulaE 9est 249 BN Aol M, I AR,
TE)3 Heis o ARET FE(ET SAE), ouX) 4a9)
ez gs "Wkt 2 g}

=2
g,

ofo

A4

v

F{2[A AHARM

£ 5°] ALAN 2% Foohe 545 7H oFl(Amine) 7 o] AL g0z F95 FHE YA 7P
d g QW WA oo Hejd FEEUE 60~80CE 3 Hro] HIEE SujxE g9st 349 588 Ash= vt
7hgsto] 380 WOl B2 Eeld o glon, Mo B A F83 Aolth, Y 3 AEE FE8e = &3
H 2, 80iFE STHE2E HRo| ME Xzl HAf
20 HEsEa? & Sal= HEH(SQ_E e
() (w/w) T
oTT T oT
Decanoic acid 80 — 34 3.8 —15.9 2.1 1.3 Sanap et al,, 2015
Octanoic acid 60 — 26 27— 5.3 2.6 1.6 Bajpayee, 2012
N—Methylbutyl amine 43 — 90 69.1 — 32.7 - - Davison et al., 1960
Diethylmethylamine 54 — 64 38.3 — 254 7.0 - Stephenson, 1993
N-Ethylpropylamine 49 — 70 52.4 — 25.3 - - Stephenson, 1993
Diisopropylamine 15 — 68 7.0 — 215 - 14,5 Boo et al., 2019
N—ethylcyclohexylamine 15 — 68 6.7 — 152 - 8.5 Boo et al., 2019
N,N—dimethylcyclohexylamine 15 — 68 3.4 — 150 - 11.6 Boo et al., 2019
Dipropylamine 25 — &0 22.3 — 12.2 - 10,1 Choi et al,, 2021
Dibutylamine 25 — 80 15,7 — 11,9 - 3.8 Choi et al,, 2021
Ethylhexylamine 25 — &0 25,7 — 14.8 - 10,9 Choi et al,, 2021
Heptylamine 25 — 80 50.7 — 21.1 - 29.6 Choi et al., 2021
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T 2ol wEt G4sHA Hststn, ojufe] gafw= AfolutE
AHelgo] Bikago] A4t #5841 149 & &dfee
w7k 7A3L Sl F4g 287121 71284 2E(C=09F O-H
Ex ol IFN-H)Y SR opel, 2-87]0 dZH
ki A9 o] Yl opnle Z1570 9fX|of wet A E= ofl
O] 24 Zpol(14}, 22+ & 32} ofl)of whet Hebd 4= Qlrk,
Sanap et al. (2015)3 Bajpayee (2012)2] d7tojjA 7l2EAl
g2 ERthe AL 8o Aefes AikaaS oF 1.3~1.6%

2 =)o, Boo et al. (2019)2} Choi et al. (2021)9]

oo

=

Solvent Return
-—

Solvent

Mixed
=L
—

[P-101]

Saline Water
—_— ]

[Mixing Reactor]

\—b Brine

[Solvent-Brine Separator]

High Temperature
Settlement Tank

HH7HE

A AAES el E3E A o]&(Na”, €)Y F= ]
Aol AFshe @ ol Fk Afolo) vlER 5 7]
Hh e Aol A itaedt o 29 S BIst
€ 7H 8%t AE F spolth. F&87F 29 340A

A ol AAskE 71l tiEt AAZ A7 ok FE3

£

[Heating Apparatus]

Product Water

[Solvent-Water Separator]

Qous Low Temperature
Settlement Tank

Directional
Solvent

80°C

Directional
Solvent
40°C

.11 (80°C) (80°C)9 e Heating (40°C) 12 Q
| <:] Qin
: (25°C) * 8(25°C)
v 7 ! v
ety
Seawat

(©) NEEH

I3 3. BiiFE 78t 2E AAZH JHET: (a) 012! AIY 80§ M8 ZH(Choi et al, 2021), (b) 71224 X[ AE S0 M2 SX(Alotaibi et al., 2017)
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Aol ANE Luo et al, (2011), Choi et al, (2019), Kim et 2 oFl9] F=47H] BE H&=2 B3 35l 4= Qlrt, whd
al. (2020) 9 AolA st BAF st AEHoH  Ce~Crp AtolY] offl Eojja] wl- @2 Sajw=E 7HA AL
(Molecular Dynamics simulation)®] AafoA= Gufjo]] 325 opdloA] &9 /3w =4 §x2 4= 9t} Stephenson

A 28717 9= WY & #A0F 4 AgehA ol (1993)2 oF 200 £ oflE tifor A3 §aj=s Akt
et A es AgtEo] o ¢ o] &2 U Fofl ARete ¢lth oS o1, Diethylmethylamines- 60COlA 23,6%2
ZH G ol23 Ak dt B2 B 2 - e A & BE=E 7, FAlel ol 9.2%9] 4% &3=S 7t
oz Asta Qltk, 7|E Aol SHE diiEe] #=84 A 4 it Dipropylamines 60ColA 9.87%2] & &dl==
& 90% ol = A AIASS HERAL QAL S9d  ZERREE FAlO] ZollA o 1.64%9] HT &= 7M.
©2 12KPrimary) o}l &2 25~30%2] =2 A4 A Hexylamine2 607TolA 47.3%2] & Eal=E 7HAH, Aol
Atae tiH] 20~30%9] R A AARE 545 Hola ik, =oflA] oF 0,929 A% &3li=E 7H 4= Stk &, A% &3
Choi et al. (2019)& A} o3t AlgFo]dE olgsto] 12 &7} && Sujdes A Yo Af7 81 s=e S716HA
ofule] FxA B Qlsto] S St Al A4 Feje] 2 "o Aed oA e flste] ARl HEEA AlA Y
& A He As THsilen, olgt wiold(micelle)  ofok SRAINE, of] o]} wAE AAH A= 4 B ¢l
FEER Qste] B} o o] oA A wAgle] B W ok vk Y 55 o83 F2F AlIA, oMIEAL T ol

FE2 BE Epse @S ekt wARgol Hlad F AkE o83t F9HAE] & UF o 22 A7

S 2ast 3901 Ak Azleole edde] Z2lE  ofl|X] AQ
A Bkl Azl Wol A4F | FE807E AF A ¢
o}, of2fd R8s A2l S AR R obet S ol83l] wieel 7IES] 4 g€ deE aIR
o] AZES oA A vlE AeAlle 9ol B AHSAZI7] i3t AUR(5718F Al B8 R 565 kJ/mg)
ok Azl W gule] e guleh & Aol A 7 flonz o4 ol Aktse oAl vlds
&3 =(Mutual solubility)o] s 2=, 3o 542> F AU 4 vk EJF AEPEAT} vlasste] Ao 230

Rt W WA Gk, QEHOR O ofste] BE okl A Hgo] /sste] risdlo] A9 gl Aol o] A

32
i
P
e
g
of
fo
ol
ot
rlo
i
A
oxt
i

N
B
ol
S0
Sl
i)
rlI
olo

_ﬁ
e
ko
&

r-lm

e s
£ ?;??;;?; * Salt jons
Gel pocket | | |

(a) (b) FEEEE

32 4. 1xKPrimary) 01l Suiet 29| S5 Al MYEl= 2Xt Helel FZE (a) R At LIFE S5El= H42 HHEE (b) (Choi et al., 2019)

Water4FutureCity 7



:-':'\I""'-L'_.Mater

4Futun:g_City

2| oke FALRE 7hz 2 Qith GEOA] 2016W HESE &) E3F 7)4(Brackish water) ¥ H<(Seawater)d] =23}, o
T g9l Ve A9 oA SuiEE 2Hst 349 o B8R ME AY Y A A= b 1Y w5
UA 5&& 1 kWh/m’ oJ3}& of&et v} qick, @A) A88F 7} wAei) oldt 19 55 wlgo] FR A 7leEe
o] Q= S 7N 2t 3AY ouA] AnsE oF 2R oyA] 4aH| SHARE aE4 9o 44 o =44
14,15~27.25 kWh/m’2 F4te]m, o] F fiiiio] & Fab 9l TRt

A7t Bo3E GouR|7E ARA[SAL ek, AatFuke ARt A9 g P AP Al2ge T8 5ol vekd A

£ RO 349 ouA] 4HFE 1.6~6 kWh/m 22 A=} ZFo] HA2]|(Pretreatment) 3 $730] 745K 57| (Brine
SE 7]aE SR ofj 7] Amgfo] FAEIA TASIIAT,  concentrator)®t A% (Brine crystallizer) & AX+ 3¢

F 2 HLo| A7l &0 @ He] fAH] AY Lor SYETt, AR, w5, A4S} dAlA A4z
8.0 o3| =2 B|IFE AA3laL QIek, Choi et al, (2021)&  3~5, 30~50, 100 kwh/m® F=2] o7} LEl= Aoz
Q2 7|8k g AEFA] oyx] AREkS oF 50~69  HiE QItHTong et al,, 2016). o= 7F XAlAlo] ditt
kWh/m’& Z4kste] 7|12 ZH 3wt dAsH Wi, o & 9% s} 340] oF 3~4 kwh/m’ FE9] oUAE &

)
|
4o
ot
]IO

AESH 3R AR oA AmeboR SRS UHT ¢ Hsh A HRE o) H5 PR AAwe] o 500 HEo)
e Ao 7ttt o 2 UAE BRE S 9 U Hopdel YIS

HojZe, e o W Welel e Ae] s T A
SUIEE B THS S5t TY G FUE 2| 299 482 98 U g 4 Uk oA 58K
29 339 7fgo] BpHol,

o

et Aks 3 24, Q7 odA WH A Boo et al, (20209 AT $1EE B4l 14 %

3. 7IE €Y Ji&n SuEE T €F JiE9l oflux] A2 Hlw

x| £
_ olHx| & Z0|ux| A2 .
el Hof|x] H7(o|LAx] (kWh/m) HxEel
(kWh/m?) (kWh/m’)
[IEE8 suH Sommariva et al,, 1997; Hamed et al
15.83~23.5 2.5~5.0 19,58~27.25 N v
(Multi—effect distillation) ’ ’ ’ ’ ’ ’ 2001; Darwish, 2015
Cih SehAl 2 12.2~19.1 2.0~2.5 14,15~21.35 Semiat, 2008
(Multi—stage—flash distillation) ) ) T ) ) et
TIAA =] =
~|7:|| 7l d=d . N/A 7~12 7~12 Hernandez—Gaona and Hernandez, 2004
(Mechnical vapor compression)
T =7| ofE
A S7] Ee , 14.5 1.6~1.8 16,26 ARMINES, 1996
(Thermal vapor compression)
ACIAHEEH
St . N/A 4~6 4~6 Avlonitis et al., 2003; Lachish, 2007
(Seawater reverse osmosis)
7| EAEH :
N/A 1.5~2.5 1.5~2.5 S t, 2008
(Brackish water reverse osmosis) / ’ ’ ’ ’ ermat,
SO0iFE7|HH 2l
. 3.51~4.80 1.52~2.09 5.0~6.9 Choi et al,, 2021
(Solvent extraction desalination)
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Water Reuse

o
Freshwater Wastewater]
=== ==
1g8s50+

Brine Brine
Treatment Concentrator Crystallizer
(3-5 kwh/m?) (30-50 kwh/m3) (=100 kwh/m?)

a8 5. o 2R

i
=
®
it
i
o
=

sh= Zlolh. a9 6.9 AlA]

19w A8 Ao < 15.2) 99 agEpt olRojxl= A
= = 7 A A Rl ool BoAw guile] = Eei=
7HAE ol | oVl A ol =de] 1Fe} ofFof

A7) g oh-5ad- G 3] WHEL BT 4

$548 WO $3E BE M TUR HeE Ay
A

o, got SHE 59 27] 824 28 v=e 295 g/L
=

ICERENTE P

AA| 5] 2.7]

= 2.5% Agfe] o 85,299 S NFINA TUF A

G glek ANE 71e
Tisetel olgHel 35 AA 2 LGl Gubs A2 el
A% Akgol 75k

olefE §ul%E JNF vl FF AL ATt 524

E0)7] el thdwe] 7le T

F2 &4 glol

o= Aol A nYegen, feleet S BlE o AL Qlrh ol & AR et 34 BAA AsHE ohyet
- Ll L] L3 L3 m
—
25 5.1 10.1 15.2 20.2 25.3
Brine to Solvent Ratio, ¢ (mL/mol)
I3 6. Yot Bui Higol WE Hol 25t (Boo et al. 2020)  EERIELEE
Water4FutureCity 9
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Hypersaline
Brine

Regenerated

Solvent
Sieve
| ] .
S— %-. Decantation
Heat Tank
Exchanger Heat
Input
l v Desalinated
’ Mineral Q Product
#€ " Solid Waste Water

:EI 7 Q[]H |

9 oA % vge) F7kE et weby dAEd o
SA=E AYe Al &

T T & Lajro 2% w7k
o] Te AT Ame Bule] o] Aasi EF B
de] SEaL Q= ofyl AEY] Bl 4 E FAA dizol

AA FAMAE of2] 2989 ofgol AT 4 Aot w=t
A Al et Bkl Sujef Ado] 8tE, o]

gl #& 349 aeids SHislelr] it ike71e] A %
9. w2 589 FoluA wdy] A8, uysd 4o &g

wol A= 340] s} Hasi

Alotaibi, S,; Ihrahim, O, M,; Luo, S.; Luo, T., Modeling of a
continuous water desalination process using directional
solvent extraction, Desalination 2017, 420, 114-124.

ARMINES, Technical and Economic Analysis of the Potential
for Water

Avlonitis, S, A,; Kouroumbas, K. ; Vlachakis, N.. Energy
consumption and membrane replacement cost for

seawater RO desalination plants, Desalination 2003,
157(1-3), 151158,
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