©
o

- — =3 ol 2

20 @ ol m_ﬁ_ E 1} o
-, WBMRH | FS b i
=3 o — - c
Fo. oW M L i
o ey = K0 ° o s
4 M ol S T8 Ex i
3 ERNR N R o
=K -
zom m *E ﬂ Hl m._m ﬂ
-2 = = Fo
z K — — 8l =
) < B Al R
-2 L)
=
L
H
= 5 o MU R HORT TR RIS
m 28 —xEc £7M H080Z0 HOEKHIRE) ISR SRRRI<H FSEI RIKOHMT m
= e W P ok




H & =

~ 201

2017. 04.

7|12t :

7H g2k

?_

i

7 (2

A
=

7

%
4 ct

M

o

Tof

ErX
=0

Bl

g EMFET|

HISEAM
S S

1 kWh/m3Z&

I

S
=1

=
=

12.) oAe] =ZEIM 1285 H|

9.

02. 12.

2020.

Ly

mm

g

gl
Kk

204 deto

=
=)

=

M29==of o}t

=g d
S| gt

o
=

F

=13
=

S
=




HIM 2%M

19CTAP-C1| &% @A | 2017.04.05. - ]
oA Af HE A Q<A / (F1A)
A it 28926-03 | AT 713 2019.12.31
= ™ Ey =
Agaey | o FEAET]EHATAS]
A AR
o 2} 4] 7
AT 22 v e
A 53k A 8 1 kWh/m’3 W34 SulF27)0 293 9371& A2
A5 550,000 9
% 114 3k (E
s e o 3 ekl .
W 7 Rk 049
oA & SRR
o5 4w AUl 45,0000 €
ST Al 5950007 €
A5 550,000
% 119 IR a9
5 g o 1% 0%
pojamg o TR F QT A¥e oud
PUETE T gu gy o) 3 45,0009 €1
Al 595,000 ¢
A7l R 5 AFsla & ) o glurelo
i sel st AbehE e v o7l dH: AL
AT EAT FH= = o=t d5-7195: RTI International
el ATy A AT AL Aol
# S - 29 EAY AR AFALADM) NAF WEoE TS
AT 3h]
HOEF 3 ot
A5
o) A7 5 - 7HHW S
. FER NEE
o n ey  BIM oTAM Jlgeet 2zme _
TELOEE S Cae mu @z e FEEO88 85 40 ue
557
e
e FFARA LA SEF AFAA - Fu) @3
o LA|A A TR FUA H| NTIS
Feolm 1 ~%  Teddy ]
$BHE (2gy) (He)  (H3)  (dAFL) SEWE




ek
Chel "Hh3o=2 90% O|Ate| E&E XMAH Z 5% olatel 22 2[Fots H|F=3YH S0f
(Non-Aqueous Solvent, NAS) ZHZ 2 O|E o|&%F Mol X[g =3t 3 A
7ls M
» IXPEED o 22 Y EM FAEe Y x0lE HEES fst BT 3
of 20| E E_P%t?_F o FEZS HIte = U= screening protocol S Sst &
s 9 yg T 08 . . 4 we xims
» 2XHHAE: 2ot 2o S ¥ 22|l AsE EAAFY| /T dhs =AME Ao
T 2 0|8 ez FEsH| fe dAVIs =
» REHED Y 2 S Soll A TR £ E dYX| =8 "It 0]
YoM Boisl 2 MAISe £ &, 2HZUE ECfZ2 MM, oYX
284, MEM 52 BESHH scale-up ¥ AESt dhot £ &
» OF 2| Ee Y IS AI8stes 7E 2 229 cfE dUUMES0 EF
SHA| 2ot ME7|&2 2Est ol =uf 7|¥oll 7[=0|d &2=2M 7|
AtEetE A2 Mo
ooy | IsFol ¥& 5-_4_ =24 5 15T TDSE &R/ste ﬂ%.*rﬂlfﬂﬂl EUA
Xdol s st & a8 72X HHZE ofAXYE 2XE &
» I 55 5 1d, 3l 55 & 14, =2HM 55 &3 14
» FAH MYsSEX|(SClZ) =2 AXM 274, =4 sSEX[(KCHa == AM 1A
2 I et=ss|el Mup Wy 5A
= J|E 7|0 MoK - MH| & i H5st fFY|s =SE
» SOFZE V|HHe| W5 EHct SHHEES S mIYdAH s AR sFe=
o4 717K L to sisty| /st 7| 202 g8
22 A= » C0, AIZSHMEAl HiEEE= T8 TDS Aot & 2AstF HF2 XHel7|s=2
(7|t = 2f) B3E
» HE ol2e ZFLH2 otF EFell Ues s HEF M2 E Mol TI&s=R
23E
=z A0 h o~ Clas R o o N
ol = =3t of| L4 X| EMFE H+=84d Zof =2/
(571 ofLl)
AE Ao o Solvent Non Agqueous Separation/
(570 OfLh) Desal ination Energy Extraction Solvent Recovery
¥ ZEC2 MNAE(FE iAo M)



)

At

or

Of LT EETUR O] THQ wreerrrersrerseersessssssssssssssisssss st bbb bbb s

1.

O A %

I+

H
Ko

K

X MY 2

My

70 L obA| 2f

O:
P

(1)

12

|_I:|=l i}.

X

1770 L obA| 2f

O:
ot

(4)

14

14

14

700

LHo
<fu

K
Kk

0f0

28

Y

=2

34

(3) BUHME BIIY 42

37

45

EEASE ROJEAL BT} e

0f0

(5) AlE2lold 7| &

53

EhAst A M| OIRf ZAE v

A
U whot 24|

N
Kl

56

62

o

69

73

78

=M
o o o

7t

0f0

st

<

C}
]

of 2|

=2
S

A
()

It

(11)

85

of -

(=]
=
o

of ol & H[7tE 4

g

(12) of

01

(13)

97

pS|
A

108

=8

3t 8 olHX|

CH
[ =]

H

als

(15) SHFE7|

116



122

E]
0

-+

ll

3l

Lt

122

=0
[

(1)

124

2]
0
i)
lujr

125

125
126

o T 1 =TSR OS

z

H

126

==
or

~

126

2]

128
=129

ujo
o

ol

128

129

129

132
--133

k=3

Lt Z|ch

ol
oH

_—A_“—

oll

Ih



1. gylEdAe] e

1) FT=F%

olo
do
¢

|

—_
file)

W
o

ol
<0

I.

E A9l 5% 0]

90%0[ 22

(Non-Aqueous Solvent, NAS) JH&f

& HZH=E 90%

X
W
1o
4
o
78]
m <
Z
il
&)
2
0 75
28l |2+ 4
] I =
|
-
F=t
(b}
ey <
i F 2

Y
$

FNAS: Non-Aqueous Solvent

[Brine separation] [Water separation]

[Salt rejection]

)

3} 7le=A o

e

BN
—~
o
il
el

Hh
N

o]
Y

£}
BAR

pri
A=

==
fi%e)

0

djo

ol
o

)A
-

—_—

Yoy 7|so
olzl oA AF7F ®aHE vl glow wto] RTI (Research Triangle

o
)

R

1.

o
B

g 7

ool o]

Eaye)
sy

]

Institute) &A7+4¢F MIT (Massachusetts Institute & Technology) &4 7}

B 7

73 o]

1
[}

o2 AT e

1
T

o2 g3

?l_

o] 3% v

[e)
=

AT

ot HF 9

1

2]

)

0

d.ﬂ

o

T/ (3) e

Ho

2]

/3

S 2=
T

h=)
=

Hrp SfAlA

kel th RTI 447 A8 A2 gn

N
—_
file)

T

i

il
~.

_Eﬁ

>
=
~
T

Ho

o

To
il

RTIZ7} =



A7 e War

L},

(1) AMEAe] 27

o

7K

i
BH

w
;OU
B

&

o

ol
o
-
!
A

3

9 FH

[e=]
=2
& &% (Multi-Effect Distillation,

oSk (Multi-Stage Flush, MSF), 11

Njo
il

)A

i)
T
A

==
1o

B
B

A /92 E 3 (Forward/Reverse

Bih
3
R
ofpy

il

R

b

MED)

Nfo

Osmosis) o & T ¥, o]

EH o

fH (Multi-Stage Flush, MSF):

7). o] @Al A

s

5 ool% $EHAA G52 A

i)
=

N
NJo
]
-

o

lo] 60 ~ 707] <]

S

& °ol&

ul
|

1 nm =719 yw A=A}

HALEOMH (Reverse Osmosis, RO):

No

go] a4¥ = o

3L
[}

A=

4 =R

RETA
(¢}

o2l ©Ale] o3

3

AA E&e Ao r <l

AT,

" ReR

- o N

)

AR B @R L-E)




o]

P
T

o] s

7hed, 27 20) AN E vk} 2ol 1 kgel &)

80°C ol A

o

Q.

|8

=

=

o) ga)% ol

—_
fite)

Jjo
—_

20T A 2138 go] &5& 55 7

1
T

759 g9

1

7tdst 79 1 kg SR RE 1379 go & 3

il
)

—
fite)

& 2=
- T

s

W AA 73 =

k<R
T

Frohs #goA Navh Clah e o ol

Sobvent

Water in

Wate

-Solven

3t

S

p—

[€)

o wel7tk 7t

&0

Q (= 2

(ssew %) Axpgnios

3.79 % mass difference

[=] [=]

ED

Temperature (“C)

30

o
i

IH

3
olo
o

olo

1}!
R

)

H
ol

!

S 2=
F5d

} =560 T 80T)el A

°©

1960 Al

-
T

B Ao

SE

el

ol

]
i

v o

P s

Hd el 7lE2A]

[e)

Rl

R84

3k A =

o

-

gol 7}

|
)

HFrst SNEAA] BT

3

@

ofule}, o

T

Ang
I

%_t_i_
gkt

HNE

A

3
=

=
-



(2) A7MEe T4

7
Be Ao B ¥ A4 ob/IFM, AR A9 Fr D 2 Aol ol tF BAS
Z7hA 713 Ak,

JA A AA 40% o] Fe] A7 B S A 3low, 2025 d= A 19 2/37F

-

Mo data Absolute
availsble SCarcity Scarcity Stress Vulnerability
]

0 500 1000 1700 2500 7500 15 000 50000

Note: The figures indicate todal renewable waler resources per capita in m'.
Saurces WWAR with datd lrom the FAD AQUASTAT database. (httpowwiwloo.ong/nefwateroqguas tat/maindndex stm) (aggregate data for alf

countries except Andora and Serbia, external data), and using LiN=-Water categary threshalds.

a9 3. 22d 5 2EdHA €3 (UNESCO, 2015)

A w
glovt, we oux % duulgoel a7sHE wHel oA o sdstr] 9la)
AAAANIA B8 2 DEE G5 Aol d F BFH Aol AAH D QY PPl



B ATFdME 7€ Vlmol THAE dy|A ARE A7) fste] V€ FHS AL

Sy 4sh 2o wgel AW o Az el A% FEE & Agetad sk

+84d 8= 28 &b v
v %11} éﬁ.’ﬂ%lﬂ 22 7R v
v BEFo|¥e 12 22 YEY 0|42 v

Y=oz g 2a)?

a4 A4 HF Be e ATe 9F %A An

=, &= Aolol uwEh ¢ 3 g7E sbed 84 & (Non-Aqueous Solvent,
NAS)E wr=stal HAshsho 2 7)E3) v asfo] gt

Qe 1 kWh/m'st AelUA, Aug s5e53) 7les Addnh o] 7&e 71& 71w

o ex g 1—1":'_:}17—]0]]}\1 A 88

ANA: 72 TAT D s4e Ay HAHo] BHQFY, g4 £Zrw A
A7) e olUA(FZ74 e FD 565 kJ/md)r =e
A 2REE dquA et HEE F AT £ Aok B2 AR
Hlaste]  AgkEzAolA A go] Jheste] shEEde]l 7o) §ivh 7]Ee] GE

Raxor s SrjFE0A Hest 7lee] 7= Yl vls) 2715 A 2 ey

18 — 25 kWh/m?

3 —4 kWh/m?

22 kWh/m?

IHF"!WW

a9 5. d @st Ve duA AR Pla



[e)

=

]

I
-

o

71+ A

=

v 7)|E2 QA
A OE]oi H
12 o Y A 2 (Department of E
nergy; DOE)2]

0
< oA
k3 W ® % L v T T
o w| 4 E = N s UL
= B F 8 = T 3 oF
5w a%mA#DOM%AT%@ 5
N . ’ — 2 ™ = oF g b
5 5 o oo memUmoﬁﬂ £ o T P
%o ‘H_OI NT o :.L = W R 1_ \mﬂ_ MO HT_L O_H iy EE 1_/_Al ._mwﬁ AL oF
ol &= 3mqﬂ@vﬂ@1ﬂ T o o
. ol . 5 — K9 pe| = olo X ofp
w D + T o . RO F I
oA ~ op M X m H N S o m o~ b~ e
do T © W o oF T or Mlo o o oo % ~ i a] o
$E "L sitiipzi RS
— s D A s B S % X do = 5 =
m = < R S - - B 5 do 2 &
F © N ) e T B 2 B o - B T
oy N = S AN N &) T K A
o M M- Hd ) = ® = s 2 8 » oy o R
G+ T4 ® hm%%%%nwég e
¢ HToEWrgc@@ﬁ%wwmwﬂﬂ ﬂ;ﬂoM%W
< o mﬁ 2 g 4 B M 5 N 2 m A El = s o W °
.- e % S oMo B F D W 1o o
ol — 2o _,I| EE X H;l Z Y ﬂ o = JI Ea B G~
ol © i = o Ho ~ R m T T B 2 B E o = — iy %H
a B o T om W g o < O = > < N e B o
I w ooz Lo 2R = 2 W i < o
g | X = = B 2PN g o Tt A
do T o 5 5 o S = o H = B Gl mﬁ _ AR
o I #%@raﬂpL_m ™ T~
™ e s — 0 o M i F K )
o < = % € W D s 8 o = 4o ° M a7 il
© = T — : Ik 0
o F Maﬂqw@mua&_ ~ & goﬁ/wrvoﬂﬁi%
o T =+ 22 SR w T X b W ° I
o W ﬂauodﬂo?mgﬂﬂ%%%oﬁ%wo_
. o @#%hnRy@iﬂ1ﬂzowuo o MoK
= A © T " s g = oo + do K 5 2 0~
ox _Z_l OT 3 OT o 1_>AIL Ln_l.w OL mu. H;l 0 _ H M Erl E ‘Llf ‘_l_h_ﬂ ﬂ_DI M > ~
. T = w T £ 2wk .u%@H%ursM01o_E
do — do A 9 N g o N I S F + T ox - B o) B
o o w @og oS 5 F e e P »ow B SIS
e KO oo ~ B B OE = L — X 50N
it %0 R = 3 O Fo T al ol ~ - T EE 3 N
o mu@ﬂb%m © Lo og%uv1u£o@
R I mo% o o5 W = 5 . 4% R X X A X
0T1¢mﬂv ﬂ6d?;. cm_o%E e
~ U_X 1D-U m X =) \q 07 \H_v/ :.L ..# U_W ~0 Py ) —_— q
) B m = Moo™ o M‘_ B ol T <y ~x» X
. HLwET DR T B OZ T
. —~ & ® 5 =T 2 R 5 =
. Er: H;.L

- 11 -



il

SERE!

E
=

& = A

S ©

=

o

Ho

o
ﬁo

—_
o

H

o

b

°

ol 7+

1
1.

o 3|57} Abs

1 owe gel ouAt

[

2k

f

K

-

A=Y

at7] 9

w2l

[e]

H}- o
[e)

=

kel
pal

b,

53t FAELS TDS 5 ppm ©]

A7IAY dE s FA
AY 7] sl A Azl Sghaol ARl weh 27] ARH] o] v obA] = dAo]

1 RTIe] 43 A+

=
o
°

)

gt ey gee Aol
o

RNoz 7]

E
=

(4) A7 E3A 2] 28 st

i

ol

ol oA ALg olslo] B

6ol A B

=)
=1

Solvent extraction

H]-g- vl (GE, 2016)

xtraction

Turbo-expander freeze
ent e

FO wf waste heat

H ™MD
MD w/ waste heat
HDH w/ waste heat

FO w/ MVR
B HDH

FF-MVR
FO

Solv

7 MDw/ MVR

|
&
2
m
=

5

1500 xadQ + xade)) paziewloN

']
w
o
o
Q
(7]
©
m



=

3l v} 9l th(Bajpayee et al., 2011;

22 Octanoic  acid)&

ATEHAM =

m=e] MIT

7}A) a1

SR
=4

S
=~

L
=

ki3

A}

o
T

el

—_
fite)

Sanap et al., 2015). 12]1} o}7 &ujZEE 3% 1|uke)

ol | #

Ao 2 A

it

Gl

= AA7A AN

= 9rd Ve

o
e
1o

ol

=4

@H’

"

o] &

=
N

71E GE9] HiAo|A% B

S S 2

ol

o
ok

¢+

=

o

3

o
pal

e,

2 7]

al



ke
T

7] HE 7152

[}

=

A&

=
ol
2H

A =2 FA(Distillation) ¥ 2+ £2](Membrane)
9]

{1 (Non-Aqueous Solvent)

vl =84

e

1

R

A=y 3]

=

20173 49 T 2017 12€ (1A ®)
A of) A]

=

(1) g

b A 713
(b A7
() A7 W&

2] &A= NA ol o] EH=

rl

Ho

—~
fite)

i
el

R

~

;OL

B

}A17 0.2 4

)
o

‘mo

g e AT

kel =71

)

=1
=

Osmosis) &#

(Reverse

2= A TEEY, F

J

I

fns

ik

%

_CH

o] FAo wet tEa§ WA (Multi Effect Distillation, MED)¥} theh

12 (Multiple-Stage Flash, MSF)o. & &

4

™

Al



A 8ko]

o
T

A R

(o)
4

2]

I

1

Njo

&

od

wol v E A

H71 o

S

Adgon ANE

fojuieh, e

HE &0

1o

E!

ﬂH

—

=0

o

Ho

—_
file)

N
=)

4

S

w2 S A

=
S

YA
%l o]

B} shobA

0] guel iAe 9 wEslel e

F}. A

}‘\—]_

2 4

PN
R

=
=

o
S

3)

1
T

I

N
Njo

)
Ho
el

Nlo

o AejolA AAH] o

a1



SeaWaterj ?

FANFARS élé 2Rl T RE
AR EL e IR .;u | Vapor ::xu;sxx | Vapor] (Y = w4 Vapor] R
Steam in — ﬁ i ’
= = ‘
L~ L~~~ R T
| Coolant
! Fresh
. Wat
‘Brlne Brine Brine — ! Brine «— -
Discharge Discharge Discharge Discharge
a9 7. 95 EEMED) $4 ¥4
SeaWater EJ?' — ?I
Steam
v £9 L3 L4 £ g "
(A NN
FreshWater «
Vam Vapor Vam Vam
.Brine | Brine Brine Brine Brine
Discharge
13 8. gk SYA(MSFE) B4 g5 FAE



ol

o]/
M

aaHor AAL 5

el

A

o

&

!

o
T

T4 (Seawater Reverse Osmosis, SWRO)

&l

P
T

[

%l

GaHF e pHeE #71, AbshAl, =4, we ot o

=

o

A oo
-

1

kel
o

A=

3] Ultra—filtration

[

1

1.

]2
9

A
=

=

&l

gt

A
F71E AA

alk
=

Felo] glo] o) 95%¢] oA

&

A

17} &

AN

[e]

1 42 7 60 bar

[

b1 9

[e]
Aetee AxY #Ao Fo

2

]

(UF)< el At

H
e
jud

Ho
A+
!

%

ojo

el

/\01—

Bl

A2 (Forward Osmosis) &4 & A5

o)

ruzel

Ho

Mo
I

A
-
el
o
olo
N

™
A

ol

ol Bl =2 A

2

3

= =ol7] €

=2k
& (Draw solution) ©&. & A}-g3&}o]

o

el

of whel 345,

o)/

Ho

B

I R

Ao ol

bof ol
AR "eAu, & gl

[<

|

o
R4

=

s

o

BEE

4ol RO ¥4

Hi H

vA



SeaWater ———Pretreatment —Q“

Membrane

Concentrated

| I :
brine

¥

Fresh Water «—

Post Treatment

.
i)
©
18
o,
i
nf
o
of{
ox,
k1

Diluted draw sclution

SeaWater —— -
__E\
FO | __—_
membrane [___\
= e T ]
Concentrated
brine i
Draw solution
1 10, A g5 AR

\—' Fresh Water



~ g o g A T W
a%%%%mwﬂ
w5 o 3 1
T o o & S M
xX = —
i o o=
of o H g W oo K T
o o o} o
— = oA
J_ML ‘uAl 1mo ‘mﬁ ﬂr_u " WJI Of
X =z ol mnou s HH 5
— &o ﬁl 9 ol UEH Wﬁ & Dnlu_ W
0 -3 O#D X n_Al.._ O# W, o MW I
T B N G g5 S 9
R W T Mmoo 38 28 i
T LT e 58 i
Trrrries :
i Ho —
T
~ io ~ \Nﬂ LIL dl WJI EME A @ )
=U) Too N . g
= P = Moom o 2= - D
T o= T2 : _ @
o Ne R o, B |v/a . @
4_0| R ET OO ._O.._ HT._ ﬂ .N B @ @
) =0 ﬂ — ; S - @O
o mO TP o T o]/ — 7 J,fw o o % Ssu
= T T o . a0 ® o &
QO w od T o B 9 =——x - I
B E D ow R 2 A .
o o Mﬂ — < o @
B o © 7T FOomM o = £
.y X —o . ol X (o] B g e
T Ho O or oo O "

o R, B KO BE g

~ ;OLL. —~— L
mOE do o Xogr & o B

jo
| g & &5
T X o WO 00 it ES
BT o E ey i g
O A o3
OGS B NN
T ohoTom oo BB T H
T y®m o ® 2 F T
qﬂgg%ﬁﬂﬂ%
0

Wom R e g oo X
TR w o- W % T+ N
e - B

Concentrated Brine l



Ho

Njo

o

B
o
_zE
xr
ojy

0

T

Ho

el
ot

0|

0

Ho

o]
HH
=K
N
B
B
o]

s
g

EEERECE

Ho

Jormz e

2] = o]

1=
LN

=t WE

Mo o] FolAA o

o] A&

=3
=

Ho

o] g}

ice

Concentrated
brine

Refrigerant
(vapor)

Refrigerant

—— Crystallization ——{ Separation

SeaWater — Precooling

(liquid)

ice

Concentrated
brine

Separation

Crystallization

Refrigerant

Heat exchanger

Precooling

Sea\Water

W

0

Mo



A7 A A E A

o
o —

1960t of] =] &

k<R
T

guhol AL
15 Wl THE we BE

s
3

o

= &=

of A8
(Total Dissolved Solvent; TDS)S 22| -ujA|stH A 443 E(Fresh water)S =3

2~
T

1.

[
=

K
pud

b,

910} of

ol

;O_L

o)

=

0

al
)

T
N

b
o}

i)
olo

ol

—

=~ (Medium to long chained carboxyl acid), Amine, Glycerol

ke
T

Davison et al. (1960)

o
o
o
el

)

R

=
-

o
T
Jjo
o
i

—ethers 9]

Amino

=i
=

ether

o= ¥

of i

=]
=

)

el

wir
)
—~
file)
TO

,_J&.O

(=]

C-C-C-CG-N-C-C
C-C-C-N-C-CC @
CsC=C=N=-C-C=C A

¢
C-G-N-C~-C

c

c
C-C-N-G-C

c

1
a0

L
ao

L
70

40 50 60
WATER , WEIGHT

20

20

1 Q0=

S0k

"' IUNLYHIINGL

|
Q
b

k1o o

i)

PER CENT

of W ofrl Fufel It =9

1 %= (Davison et al., 1960)

9|

&



Blair et al. (1994)& Polyurethane, Polyethylene glycol ¥ Polypropylene glycol % 3&tA]
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Luo et al. (2011)<> Decanoic acidE % €3F Bench-scale A|2®lS A}&3le] 3%

ArEHE 94 f5se ATE £a% v Atk o AFel4 AR Decanoic

acide= 9 o]2& AHstHA o
]_

8ol web Svlshk Bol EFE AF ) 500 ns X BA oL swoz
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Alotaibi et al. (2017)& W3akA gwj<l Decanoic acid®} Octanoic acidZ o] &3 guwjF=
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Melting Boiling Solubility
in water

Density

Molar

KOW

Point

Point

mass

Name

(g/cm®) () () (g/L)

(g/mol)
172.27

31.6 268.7 0.15 4.09

0.893

Decanoic acid

0.910 16.7 239.7 0.68 3.05

144.21

Octanoic acid

Miscible 1.33

91

=75

0.764

87.16

N-Methylbutyl amine

0.96

65

0.720 -196

87.16

Diethylmethylamine

Miscible 1.01

80

0.72

87.16

N-Ethylpropylamine




2 B¥ 242 Ea) 248 u5e4 guse 95t 58 WUt
Water separation
Temp. Solubility efficiency (%)
Name range o Reference
(C) (%6) Pure Saline
water water

Decanoic acid

Octanoic acid

N-Methylbutyl amine

Diethylmethylamine

N-Ethylpropylamine

34 — 80T 38% — 59% Max. 2.1%Max. 1.3% Sanap et al., 2015

26 — 60T 2.7% — 53% Max. 2.6%Max. 1.6%  Bajpayee, 2011

43 — 90T  69.1% — 32.7% - - Davison et al, 1960
54 — 64T 383% — 254% Max. 7.0% - Stephenson, 1993
49 — 79C 52.4% — 25.3% - - Stephenson, 1993
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O &3)% <1 (Solubility Parameter)
24 Alol ¢ &84 (Solubility) o]t} &3F4 (Miscibility) & ksl 7] 938k svte] Az 24

AgETh ol 7t 2o 2 o A 1
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A = 22 ¢ Z3(Interaction)
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19673 C. Hanseno] #|¢t3st &-a)% <lx(Hansen Solubility Parameter; HSP)7} 714
At Eale S4E HEdE F
HSPoll A= 24 W 28 A& v 22 A 714 AAZ Aliststs] Ly
- Dispersion Forces (6p)
- Dipole-Dipole force (6p)

- Hydrogen bonding force (6n)
St = (8pP+8p2+6p)? (1)

ol¢} Zo] HSP= t& & AARY ¥ #AAleHA =4 e 238 ARE Aes) 57

el o Asn AANow Ba gt EFHL BT & 3
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HSPE= =719 Wad S 7HAE WE(Vector)@ol®, 8§ HSP W =17
(Magnitude) & tHebdith. HSP] 7] #¢k¢l: [Mpa'”le]H, o] e]3h HSP#te dwka o
Hanseno| 73 HSPiP (Hansen Solubility Parameters in Practice)d} Z2Z1#&
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F =de] HSPghe] FAtstd M2 & gaf v =

Az fArsIa Best] A s 2

F2 E#E9 Hansen Solubility ParameterS v} 3% 3o AelstAth 53],

23} T3 o] o B E0o] HSPE 20 o]} o & Eo] HSP (6§1=47.8)9} FA}3}A
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o o]lzst &A= H-bonding force (6p)& o5 10

¥ 3. th3t B2 =9 Hansen Solubility Parameter
N 8]) 8P SH 8T
ame (MPa?) (MPa!?) (MPa"?) (MPa"?)

Acetaldehyde 14.7 8.0 11.3 20.2
Acetic acid 14.5 8.0 135 21.4
Acetic anhydride 16.0 11.7 10.2 22.3
Acetone 155 104 7.0 199
Amyl acetate 15.8 3.3 6.1 17.3
Ascorbic Acid 18.0 12.6 27.6 35.3
Benzene 184 0.0 2.0 185
Benzoic acid 18.2 6.9 9.8 21.8
Benzyl alcohol 18.4 6.3 13.7 23.8
Bromoform 214 4.1 6.1 22.6
Butyl acetate 15.8 3.7 6.3 174
Butylamine 16.2 45 8.0 18.6
Chlorobenzene 19.0 4.3 2.0 19.6
Chloroform 17.8 3.1 5.7 189
Cyclohexane 16.8 0.0 0.2 16.8
Cyclohexanone 17.8 6.3 51 19.6
Decane 15.7 0.0 0.0 15.7
Di-(2-Chloro-isopropyl) ether 19.0 8.2 5.1 21.3
Di-2-Chloro-isopropyl ether 19.0 8.2 51 21.3
Diethyl carbonate 16.6 3.1 6.1 18.0
Diethyl ether 14.5 2.9 5.1 15.6
Diethyl ketone 15.8 7.6 4.7 18.2
Diethylamine 14.9 2.3 6.1 16.3
Diethylene glycol 16.6 12.0 20.7 29.1
Di-isobutyl ketone 16.0 3.7 4.1 16.9
Di-isopropylamine 14.8 1.7 35 15.3
Dimethoxyethyl ether 15.7 6.1 6.5 18.1
Dimethyl phthalate 18.6 10.8 49 22.1
Dimethylformamide 174 13.7 11.3 24.9
Dioctyl phthalate 16.6 7.0 3.1 18.3
Dipropylamine 15.3 14 4.1 15.9
Dodecanol 155 6.5 10.8 20.0

i



=3

3. t}dt 24 £ ¢ Hansen Solubility Parameter (A<5)

Name o or Ou or
(MPa'?) (MPa'?) (MPa'?) (MPa'?)
Dried oil (estimate) 16.0 6.0 7.0 185
Ecstasy 18.0 5.1 6.1 19.7
Ethanol 15.8 8.8 19.4 26.5
Ethyl acetate 15.8 53 7.2 18.2
Ethyl acrylate 155 7.1 55 179
Ethylene glycol 17.0 11.0 26.0 33.0
Formamide 17.2 26.2 19.0 36.7
Glycerol 17.4 12.1 29.3 36.2
Dioctyl phthalate 16.6 7.0 3.1 18.3
Dipropylamine 15.3 14 4.1 159
Dodecanol 155 6.5 10.8 20.0
Dried oil (estimate) 16.0 6.0 7.0 185
Ecstasy 18.0 5.1 6.1 19.7
Ethanol 15.8 8.8 19.4 26.5
Ethyl acetate 15.8 5.3 72 18.2
Ethyl acrylate 155 7.1 55 179
Ethylene glycol 17.0 11.0 26.0 33.0
Formamide 17.2 26.2 19.0 36.7
Glycerol 17.4 12.1 29.3 36.2
Heptane 15.3 0.0 0.0 15.3
Heptanol 15.1 8.0 13.0 215
Hexyl acetate 15.8 2.9 5.9 17.1
Isobutyl chloride 14.7 53 0.9 15.7
Isopropyl acetate 14.9 45 8.2 17.6
Mesitylene 18.0 0.0 0.6 18.0
Methyl benzoate 17.0 8.2 4.7 195
Methyl chloride 15.3 6.1 3.9 16.9
Methyl isobutyl ketone 15.3 6.1 4.1 17.0
Methylcyclohexane 16.0 0.0 1.0 16.0
Nonylphenol 165 4.1 9.2 19.3
Octanoic acid 15.1 3.3 8.2 175
Octanol 17.0 3.3 11.9 21.0
Oleic acid 16.2 3.1 55 174
Propylene glycol 16.8 94 23.3 30.2
p—Xylene 174 1.0 3.1 17.7
Stearic acid 16.3 3.3 55 17.5
Toluene 18.0 14 2.0 18.2
Triethylamine 17.8 04 1.0 17.8
Water I515) 16.0 42.3 47.8
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% 4 AR A AR Fash 1S D 7 s)d g SRy 29 By
Water Brine Water
Group No. Solvent . . .
Absorption Separation Desorption
1  N-Isopropylbenzylamine
Group A 2 N-Ethylbenzylamine CO, Coritationd | N '
. . ravitationa o purging
(CO, A& &) 3  N-Benzylbutylamine Purging
4 Dihexylamine
5  Octanoic acid
Group B 6 Decanoic acid High Temp. o Low Temp.
_ . Gravitational .
(L & F5 &) 7 Lauric acid (807C) (4~ 25C)
8 Linoleic acid
9  N-Ethylbutylamine
10  Ethylhexylamine
11  Ethylbenzylamine
_ : High
Group C 12  1-Heptylamine Low Temp. o g
(qe = 5o o) 4~ 95C) Gravitational Temp.
I L 13 1-Octylamine (80°C)
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15  Dibutylamine
16  Dipropylamine
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Water Recovery and Salt Rejection (36)
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oWater recovery @ Salt rejection
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(5) ANEHNA 71 && 3t vl 54 Bt
b A 71t
= 201733 89 20199 129 (1 T 3FAE
Fao AdTAH SCUE)F =& AA 14, 574 stesle dx 14

(b A7 =

A& i 3t A4 7hedS AEStA Stk olelg ndd
IS Bje) AdAel: mgo] E Bk ol B 72| ofsjle AT Eue &

(th A+ W
= 35 ol EASkE Na' B Clof 22 o o] 2o EoA] & Fo=r Zitshs A4S
221 AlE¥ o] (Molecular Dynamics Simulation) 7|H-& AM8-3te] RAFSA T o]
Al 7IWe Fdl ol =olAd mAueM EMiE falHe AAHe FEdShe
NAES 7T 2F o R Ay 72 SvlE AMESIA S W d9 oF

AL 5 A &S T F, AA AA 7 d A Eed

= o] ¥xF AJEY ol 7]H2 Desmond A} 98 Z & 719 (Schrodinger Release, 2018-2)4
Apg3ste] = E AT 7 NASe 329 F+% %= Schrodinger A% 9] 2D-Sketcher & &
Abg-ete] st AlZbEEl g o) Jaguar A E =S ALgste] FH A EE Q)
k218t Ao A WL 3 o] Z(Density Functional Theory, DFT)S B3LYP =&

Abgall o, NASe 9x Ast#Ee Electrostatic Potential (ESP) W& A3}
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Chemical formula :
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(CsHioN) sHig (CalaN)
Molecular weight (g/mol) 129.25 129.25 129.25
Density (g/mL) 0.78 0.77 0.79
Boiling point (C) 180 160 169
Solubility (g/L) 0.2 35 <1
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Distance Dibutylamine Ethylhexylamine
(A) H,0 Na’ Cl H,0 Na' Cl
(%) (%) (%) (%) (%) (%)
1 0.46 0 0 3.8 0 0
15 0.46 0 0 3.8 0 0
2 1.09 0 0 3.8 0 0
25 5.53 0 0 8.64 0.41 0.55
3 11.04 0.38 0 13.90 2.65 2.14
35 14.75 1.27 1.89 17.39 4.14 441
4 17.33 2.87 3.49 20.13 6.46 6.89
5 22.58 7.76 6.56 25.88 12.03 11.72
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Set 1 Set2 Set3 Set4 Set5 Set6 Set7 Set8 Set9

Reaction Time (min) 5 5 5 5 5 5 5 5 5
Agitation (rpm) 300 300 300 500 500 500 700 700 700
Heating Time (min) 5 15 30 5 15 30 5 15 30

Set 10 Set 11 Set 12 Set 13 Set 14 Set 15 Set 16 Set 17 Set 18

Reaction Time (min) 10 10 10 10 10 10 10 10 10
Agitation (rpm) 300 300 300 500 500 500 700 700 700

Heating Time (min) 5 15 30 5 15 30 5 15 30

Set 19 Set 20 Set 21 Set 22 Set 23 Set 24 Set 25 Set 26 Set 27

Reaction Time (min) 30 30 30 30 30 30 30 30 30
Agitation (rpm) 300 300 300 500 500 500 700 700 700

Heating Time (min) 5 15 30 5 15 30 5 15 30




B ERE, 05E 0 9 AN B A 27 49 0e 27 Aus
5 F & (Water absorbing rate, %) = —— > x 100 @)
= 5T ater absorbing rate, %) = T
I >~ O V
& 3|48 (Water recovery, %) = 7x 100 (3)
1
o .. G,
o A A& (Salt rejection efficiency, %) = 100— ?Xwater recovery 4)
1

o714, Vi = F9d€ A9 9 (L)
Vo, = F94€ &9(DPA)] 3] (L)
Vi = &2 F5d &9 9 (L)
Vi = HF 359 Ay 59 (L)
A9 ClI &% (mg/L)
g A8 W Cl 5% (mg/L)
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CaS0Oq4

2.6

0.9

KSO.

0.3

0.1

etc.
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0.5 M NaCl Sea salt
Reaction

Reactor Type Temperature Water Salt Water Salt
(C) Recovery Rejection Recovery Rejection

(%) (%) (%) (%)

5 13.75 85.41 13.80 89.45

Batch 15 12.5 90.74 12.50 93.31

25 10.00 93.00 12.50 925

5 19.44 83.40 19.69 74.89

Semi-Batch 15 14.25 90.64 14.11 35.86

25 11.25 94.16 9.93 89.47

15 14.17 91.85 14.60 86.91

Continuous
25 11.05 93.80 9.50 95.00
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DPA9] @i A8 Al ¢ v o AALES 7HAE Aoz FAES A% DPAS}
EHA® E3guje] 9§ Ag 42 CODE oF 30,000 mg/LE 7H e v FFAES

THAE Aol e Aom YERT

mm Water Recovery mmiMNa Rejection mmCl Rejection coD
g 100% 60,000
B oo% 3
‘“ s0,000 ©
g 80% ’ =
P )
= 70% (5]
5] 40,000 -
(Vo] ]
,g 60% e
& 50% 30,000 -
<
§ 40% 5
= 20,000 R,
8 30% lén
8 20% S
— 10,000 (=)
% 10% 8
= ox% ]
DPA + DBA DPA + 2-EHA 2-EHA + DBA
(1:1 molar ratio) {1:1 molar ratio) {1:1 molar ratio)
Solvent Mixture

Y 44 G EF 80 Ag A gt 4% W7

Group C €] % Heptylamine (HA)< Octylamine (OA)¥} U3 FX2E 714 = &2,
dret £33 Al AS AT g B AR ol 4 ols VHre XA
Tx PPom Qe =& & I5E&d ¢
ATH AR, HASF 22 &= Ag JAFoRHN ot 54 0= 1359 Brine?} 27}
golsta Aol i & st THE v

a9 45 M S48 d AAELS Bw DBAS HA &3 A £3H| 2 H3A 7S w9
E 35ed 4 AAL wstE Yetliith DBA9F HA9] H-uju]7t 1:1(50%) 2 &34
2 g 10%, | AAE 60% oldew F

Uetilew, DBAZ} 30% olst® A% A9 &wje] d5e& HAE U502 A8
e} fFAgE s Bt A4 G COD wX% HA vl &o] 50%7t#] F7he
W7k 11,000 mg/L= FA = low ol F43] F7tshe ZA3E HEHth

DPA(E 34§ 10%, 49 AAE 94%)9F Nonyl-Alcohol (NA)E tlekst Ry uv)&
TR e el @3 a&S vt 17 460 AT E3-8vje] NA kol
50967474 Z 7kl wel & et o A &2 2 54%, 45%7hA] sttt shA vt
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S |
o S
g oo% F“ v || 40,000 %
(] o |
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_ | <~
et 70% Q
] 30,000
A =
- 60% =]
o 25,000 2
o 50% o.
= 20,000 £
E—, 40% )
> 15,000 <=
9 3% | o0
= 20% 10,000 g
o (o
= 10% ‘ 5000 O
‘;" L
0% I oL
5% 10% 20% 30% 40% 50% 70% B80% 90% 100%
DBA Vol % in HA
19 45. DBAg HA9 &£3tu]) o] W& w53 A% H7)
= Water recovery == Na Rejectio Cl Rejection
[ -®-K-F of solvent w/ H20 --K-F of solvent w/o H20 cobD
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= - @
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x .
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T o0
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o s
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S
O
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0% : o
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NA Vol % in DPA
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EHA®} 4= (polymer)?l UCONS vhFgt H3] v&2 EsdS el w3}
FE2 vste] 29 489 A At UCONE Polyalkylene glycol (PAG) 7]Wke] H <
ol T8 AAE AslA F2 AEEY, HRAA B efE 2527t
S7hee whet galAde] FAdte 5ol Atk ol gt 5EAE ol &3t dAA AHAFY
TAHel FEE&NDraw solution)o® FEFH= AGE o]Fojxi Utk UCON&
40Co]stoll A &3} ¢bd SFE 7] o &5 Ao ws A5 e o
o 54 ofnl guje} EF A HFs TS FEAA FE dES o EHA9
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Ao w eyttt W, & 3]ego] /g wet Ay W dHee C
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N Water Recovery I Na Rejection muCl Rejection cob
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#1113 AdE 29 @3t $ R 8 g2E (48F)
Solubility Unit Cost
No. Solvent Name Kow
(g/L) (USD/g)

1 N-Propylcyclopropanamine 1.61 62.493 257.0
2 Isobutyl-propyl-amine 1.95 24.8 292.0
3 N-Propylcyclopropanemethylamine 1.53 20.714 8.2
4 N-Isobutylcyclopropanamine 2.02 34.714 165.0
5 N-Butylcyclopropanamine 2.1 20.714 140.9
6 N-(2,4-difluorobenzyl)-N-methylamine 1.94 15.95 42.5
7 [(2,6-dichlorophenyl)methyl](methyl)amine 2.82 1.938 25.7
8 N-Isobutyl-2-butanamine 2.39 12.028 93.9
9 N-sec-Butyl-1-butanamine 2.57 7.1768 489
10 N-Butylisobutylamine 2.7 7.1768 93.9
11 N-(3-Methylbutyl)cyclopropanamine 2.51 11.33 36.1
12 (2-FLUOROBENZYL)METHYLAMINE 1.74 24.529 29.8
13 3-FLUORO-N-METHYLBENZYLAMINE 1.74 24.529 30.0
14 N-(3-Methoxypropyl)-1-pentanamine 2.01 28.839 424.0
15 N-Isobutyl-2,2-dimethyl-1-propanamine 2.74 5.6862 171.6
16 N-Amyl-N-butylamine 3.27 1.3785 93.9
17 N-Propyl-1-hexanamine 3.27 1.3785 1176
18 N-(4-Pyridinylmethyl)-1-propanamine 0.97 1000 78.0
19 2-METHOXY-N-METHYLBENZYLAMINE 1.62 31.81 33.0
20 N-methyl-N-[4-(trifluoromethyl)benzyllamine 2.5 3.717 12.2
21 N-Butyl-1-hexanamine 3.76 0.4395 516.0
22 Dipentylamine 3.76 0.4395 25
23 N-Butylcyclohexanamine 3.57 2.8909 85.0
24 Propanamine, N-cyclohexylmethyl- 3.57 2.8909 97.8
25 3-Benzylamino-1-propanol 1.05 83.23 7.0
26 N-(4-ethoxybenzyl)-N-methylamine 2.11 4.582 89.3
27 n-benzylpropan—1-amin 2.52 5515 1550.0
28 N-[(Trimethylsilyl)methyllbenzylamine 3.42 0.010695 156
29 Benzylbutylamine 2.59 4,135 5.2
30 N-Phenethylpropan—1-amine 2.79 2.813 257.0
31 N-Benzyl-2-butanamine 2.93 1.3597 28.1
32 N-(1-Phenylethyl)-1-propanamine 2.93 2.098 94.0
33 N-Benzyl-2-methyl-1-propanamine 2.93 1.3597 45.0
34 N-(4-Methylbenzyl)-1-propanamine 3.06 1.626 411
35 N-Benzyl-3-buten-1-amine 2.87 2.426 50.6
36 N-methyl-1-quinolin-6-ylmethanamine 1.68 22.26 129.0
37 N,N’-Dipropyl-1,6-hexanediamine 3.24 6.452.5 133.0
38 2-Methyl-N-(2-phenylethyl)-1-propanamine 3.2 1.062 91.7
39 N-Benzyl-2,2-dimethyl-1-propanamine 3.39 0.7383 91.7
40 N-Benzyl-3-methyl-1-butanamine 3.43 0.6857 94.0
41 N-Benzyl-1-cyclobutylmethanamine 3.31 0.8746 28.1
42 N-methyl(1-naphthyl)methanamine 2.71 2.989 266.0
43 N-Methyl(2-naphthyl)methanamine 2.71 2.989 108.8
44 N-Benzyl-1-hexanamine 3.99 0.1927 155.3
45 N,N’-Diisobutyl-1,6-hexanediamine 4.08 1.7422 6.4
46 Dibenzylamine 2.67 2.414 0.2
47 1-(4-Biphenylyl)-N-methylmethanamine 3.3 0.7004 98.0
48 N-benzylphenethylamine 3.51 0.3906 2.3




# 12, 27 A At @sk $R g g AE

(30%)

No. Solvent Name Kow Solubility  Unit Cost
(g/L) (USD/g)

1 3-Benzylamino-1-propanol 1.05 83.23 7.0
2 N-Propylcyclopropanemethylamine 1.53 20.714 8.2
3 N-Propylcyclopropanamine 1.61 62.493 257.0
4 2-METHOXY-N-METHYLBENZYLAMINE 1.62 31.81 33.0
5 N-methyl-1-quinolin—-6-ylmethanamine 1.68 22.26 129.0
6 (2-FLUOROBENZYL)METHYLAMINE 1.74 24.529 29.8
7 3-FLUORO-N-METHYLBENZYLAMINE 1.74 24.529 30.0
8 N-(2,4-difluorobenzyl)-N-methylamine 1.94 15.95 425
9 Isobutyl-propyl-amine 1.95 24.8 292.0
10 N-(3-Methoxypropyl)-1-pentanamine 2.01 28.839 424.0
11 N-Isobutylcyclopropanamine 2.02 34.714 165.0
12 N-Butylcyclopropanamine 2.1 20.714 1409
13 N-(4-ethoxybenzyl)-N-methylamine 2.11 4582 89.3
14 N-Isobutyl-2-butanamine 2.39 12.028 93.9
15 N-methyl-N-[4-(trifluoromethyl)benzyllamine 25 3.717 12.2
16 N-(3-Methylbutyl)cyclopropanamine 2.51 11.33 36.1
17 n-benzylpropan-1-amin 2.52 5515 1550.0
18 N-sec-Butyl-1-butanamine 2.57 7.1768 489
19 Benzylbutylamine 2.59 4.135 5.2
20 Dibenzylamine 2.67 2414 0.2
21 N-Butylisobutylamine 2.7 7.1768 93.9
22 N-methyl(1-naphthyl)methanamine 2.71 2.989 266.0
23 N-Methyl(2-naphthyl)methanamine 2.71 2.989 108.8
24 N-Isobutyl-2,2-dimethyl-1-propanamine 2.74 5.6862 171.6
25 N-Phenethylpropan—-1-amine 2.79 2.813 257.0
26 [(2,6—dichlorophenyl)methyll(methyl)amine 2.82 1.938 25.7
27 N-Benzyl-3-buten—-1-amine 2.87 2.426 50.6
28 N-Benzyl-2-butanamine 2.93 1.3597 28.1
29 N-(1-Phenylethyl)-1-propanamine 2.93 2.098 94.0
30 N-Benzyl-2-methyl-1-propanamine 2.93 1.3597 45.0




13. 32+ Ade A4t @3 FE v g2E

(22%)

No. Solvent Name Kow Solubility  Unit Cost
(g/L) (USD/g)

1 N-(1-Phenylethyl)-1-propanamine 2.93 2.098 94.0

2 Dibenzylamine 2.67 2.414 0.2

3 N-Benzyl-3-buten—-1-amine 2.87 2.426 50.6

4 N-Phenethylpropan—1-amine 2.79 2.813 257.0

5 N-methyl(1-naphthyl)methanamine 2.71 2.989 266.0

6 N-Methyl(2-naphthyl)methanamine 2.71 2.989 108.8

7 N-methyl-N-[4-(trifluoromethyl)benzyl]lamine 25 3.717 12.2

8 Benzylbutylamine 2.59 4135 52

9 N-(4-ethoxybenzyl)-N-methylamine 2.11 4582 89.3
10 n-benzylpropan-1-amin 2.52 5515 1550.0
11 N-Isobutyl-2,2-dimethyl-1-propanamine 2.74 5.6862 171.6
12 N-sec-Butyl-1-butanamine 2.57 7.1768 489
13 N-Butylisobutylamine 2.7 7.1768 93.9
14 N-(3-Methylbutyl)cyclopropanamine 2.51 11.33 36.1
15 N-Isobutyl-2-butanamine 2.39 12.028 93.9
16 N-(2,4-difluorobenzyl)-N-methylamine 1.94 15.95 425
17 N-Propylcyclopropanemethylamine 1.53 20.714 8.2

18 N-Butylcyclopropanamine 2.1 20.714 140.9
19 N-methyl-1-quinolin-6-ylmethanamine 1.68 22.26 129.0
20 (2-FLUOROBENZYL)METHYLAMINE 1.74 24.529 29.8
21 3-FLUORO-N-METHYLBENZYLAMINE 1.74 24.529 30.0
22 Isobutyl-propyl-amine 1.95 24.8 292.0
E 14 HF e A Fs 32 & g iE (6F)

No. Solvent Name Kow Solubility  Unit Cost
(g/L) (USD/g)

1 Dibenzylamine 2.67 2.414 0.2

2 Benzylbutylamine 2.59 4.135 5.2

3 N-Propylcyclopropanemethylamine 1.53 20.714 8.2

4 N-methyl-N-[4-(trifluoromethyl)benzyllamine 2.5 3.717 12.2

5 (2-FLUOROBENZYL)METHYLAMINE 1.74 24.529 29.8

6 3-FLUORO-N-METHYLBENZYLAMINE 1.74 24.529 30.0
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R-N-R + 0=(=0 - R-N'-R-COO

{Zwitterion)
H H 5 H
1 1 ﬁcﬂ‘u [
R-N*-R-COO + R-N-R 2 R-N-R-COO + R-N-F
(Fwitterion) [Carbamate] !

29 53. Amine AlE &1} CO, 71A 2] Ao o] Carbamate 4 7]% (McCann et

al., 2009)
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Khaled et al., (2011)& Oil-Watere] &2 HE #7137 98] €48, WEYolEs}
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Macro Micro

Tomic Ramge Molecular Range ny,jecalar Range Particle Range

Macro Particle Range

Size, pm
: B s 0.01 0.1 1.0 10 100 1000
(=1 nanometer)
Molecular Weight 100 1,000| 100,000| 500,000
(approx..)
Dissolvied Salts Viruses Bacteria
- ions - e} B
Relative (s
“ B Algae
Sizes  grganies (e.g., Color, NOM, SOCS)
Cysts Sand
|t - -
Clavs Silt
[ Asbestos o
_,  Fibers
Reverse |
) Osmosis Ultrafiltration : . :
Separatlon - Microfiltration Conventional P1Itlranon
Provess Nano (granular media)
filtration
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(14) F53t 578wl AAZE= 283 H7t

b Aga 713
2019 1€ 7 20199 129 (BAd%=

2 Ao A= SujFE7IW Tst FA A ALE AYad IAFEHE AAE HHoR

o} A EAF(Acetic acid), 9AF(Hydrochloric acid)g o] &3 Z3spute x8 = vjofsh

FAA (Aol e xf, WIEUOlE GFENE o] &3 IFsul FFH AA eSS 47
!

=]
F7sk At

(ch A7 W

D oAl EAF(Acetic acid), 94HHydrochloric acid)& o] 83+ < 3}uk-$-

AL T8t FA AHE4 1 L (7] pH=11.87)d 6 N2 3|45 oM E Y Ak
o] g3l Zt7 pH 6 ~ 7 (F8-°FHd)o] @ wj7tx] A st F3AH T

Z3l® A5 Ay R Sepa Cell Crossflow system (Sterlitech, US)d] 2 8-%
BW30-Nanofiltration (NF) Membrane (pore size=100 Da, Sterlitech, US)E o] &3}l &
PSIe] ¢t ox e ot

ey @ A5 CODE L43te] A5 W A78ms AA&S B7ekach

S

TR

198 57. Sepa Cell Cross—flow system () @ NF Membrane () A% Apz
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| & 27 41
i | & Operation Conditions
s

Flowrate (L/d) 12

Bulk Density (g/ml) 0.5

Initial COD Conc. (mg/L) 68,000

\
a9 58 FAY Ad AHdY AR A AR g Ay =4

gAete] wA F7]E AHASH7] 93] Bohart-Adams”7} A <FsE Bed Depth Service Time
(BDST) m2& A&l o, ol BDST 90% A7 &(C/Cooll slFat= ofell F4&
o g ol 14 Ao wddT = Utk

t=aX + b ()

o] 714 a%} b C/Co7} 0191 ZA$- A9 7]
(cm)o]t}.

o
N
g
S
El
e
<
X
e
=
=
>
rir

R

t=a X +b (6)



A6 A A=

ol
)
off
k1
g
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>
g
o
P‘L
rir
(g
)
)
w‘
rlo
_|>«

1(5)¢] BDST 1z

_ﬂ_
AN =EE 71E7] ag o] &dte] v o] ANE & 3l

S sk A A% a’= a3 (M)
_ / C
e WEA AAE a =a><(0,) ®)
ok
b/ :b>< O > Oaut
C’
In

A7A, Ve WEHE zAe] f3e GEM, Co Cul AZE 2 zAdAe
FAFSE FEF FE (mg/Lelth

=3, 4(G)e] BDST 14 HA4404 £28 7127 af olgse] 33} 5 553
t}.

A 3 vhed 2e 4L ogste] AR 5

i&

Activated carbon utilization = area X |— | X unitweight 9)

1714 arear ZHe w@HH(ecm?), ax 2] (G)eA A" BDST 372 9]
712 7] (cm/hr)©] ™, unit weight& €4 €F¢] bulk density (g/mL)o]t}.

(2h) A+ W&
@D oFAl EAH(Acetic acid), ¢ AFH(Hydrochloric acid)g ©] 83t F3}u+$-

A71 &l olwle Fikleg. HCHI Wk A 29 593 o] 4E 7 (Ammonium
salts) S sty F3E o
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H H

R*I|\T: + HCl —— Rf]{”fH CIr
P'I i

Amine  Acid Alkylammonium salt

1>

29 59. okl §vlel Fauee] o% rEEd A4 W

Z3hutgo g AAdE R FY o9 Ato]xZiE= ¢k 1 nm (G5 kDa)e.Z 100 Da®] pore
sizezg 7HAl= NF #e2s ARgstel #8E& Fdstdeon 1 A3E 17 609
e AT

Sepa Cell system< ©] €3 nanofiltration< 2F 1 L/min®] %2 2 80 PSI 2 Z A

o] Fo] Ft}. o} M| EAH Acetic acid, HAC)#} & *HHydrochloric acid, HCI) ©.

o,
of\
e
e

A 4ol A7) " =% (Conductivity)= 242} 4.46, 531 mS/cm$ 2.7, ZH

5
£

we} %% (Permeate) 9] A7 AEEE 747} 511 mS/em, 6.25 mS/cmz 27t S
b, NF e & Sdete] 3ld Ao d7ldexs HAcsh HCIZ5H Z42t 576,
638 uS/cm® oF 90% 7HAat= Ao w eyt

5|28 Ao FHF COD w:¥E HAcet HCl 39 Agz%d z+zt 1979, 2079
mg/LE A7 AEES mp7hA R %7] COD w% tiv] 92.3%, 91.9% 74steE Ao=

ety 53 A7 285 s s & F ATk
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COD Removal Efficiency (34)

| Removal Efficiency ~ —O— COD Concentration

100% 16,000
9% - 1 14,000
80% |

4 12,000
70% |
i | 1 10,000
50% | 1 s.000
e - 1 6,000
30% |

1 4,000
0% |
1“% L D = L‘m
0% L : 0

Control HAC HCI

19 60. DPA°] F3stukg 9 NF 28y § 157 COD W3}

COD concenration (mg/L)

Activated Carbon = Bentonite m Biochar

100

LLLL

i
075 1 125
Absorbant Mass (%)

8

Remowval Efficiency (26)
253838

a9 6l FHA FFE A Wl ARe A7 28
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Freundlich, Langmuir
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=
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189l ERH AT,
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Freundlich®} Langmuir

ox

B
o
B
j2s

(10)

logK + %log C,

Freundlich Isotherm: loggq,

(11)

Langmuir Isotherm:

Freundlich, Langmuir <~

_Eﬂ

iu

; Z+7} Freundlich, Langmuir %<~

Langmuir

A2 R ALkd Freundlich 2

239

olm

B

Langmuir Isotherm

Freundlich Isotherm

Absorbant

RZ
0.6685

R2
0.7067

1/n

-0.00064

-1.92

6.47

Biochar
Activated

0.96 0.9579 -769.23 -0.00082 0.3944

0.89

carbon

1.034 0.69 0.9447 243.9 0.00098 0.8399

Bentonite

I~
_EH

X
_—oﬁﬂ

£ Freundlich

=
=]

2 w7y

ioj

Freundlich Zko] Langmuir®.t} =7 velL}

o= eyt

—

w2l

=k

Freundlich 5%

R
o
e

Mo

0 < 1/n < 1°]™, o] Rejd

4 tH(Tan et al.,, 2008). A3 o =

24 el

R WEe]Ee] B 7%

i3
=

ki

B

ki3

SRRk

-
23

=
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A 5 A
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T e

0.98, 0.69= o]

W
7
)

o

- 103 —



Freundlich
= 29 629 YERSATE 1

i

J z-‘”

;31
12

.U_H

of w

YA

A

_. \
1 \
i 1
\ 4
_. b
& o
_. !
1 |
]
_. ;
' I
i [
i
-
'
i
1
'
]
i
!
i
\
'
4
1
\
\
\
Y
1
\
\
'
1
<
*
d
\
\
I I I I LN
cC O O O 0 O O O O ©
o N O 1N O U1 O un o W
w o=t = oMo N -
(8/3w)

600 800 1000 1200 1400
Equilibrium Concentration, Ce (mg/L)

400

200

D ‘1uaqJospy Jad paglospy jo Junowy

A Experimental Data

- --Biochar

-.=- Bentonite
Al ¥ Freundlich

—Activated carbon

18 62.

2}

o
]

Full scale &7l A

o
=

&2 F% Pilot

&

i

Hk-S-7](Packed Bed Reactor) & %

Il Xé }E}

P A

S

3 &

- 104 -



DPAE o] &3 §u%% 953 348 5o 2L A5 0o
AFgue] oA 23 63 UEUT A% At wpEw 40 BV/de] § ol A
o & F&a ks

1] 500 1000 1500 2000 2500 3000 3500

21 (5)e] BDST 1xF 3]# 2 Aol A &2-7F adsorption zone, cm)& ZF 1e)Z oA F

A4 7o) XFA Ao, o2 o T AN 71L& (a)7} 2ol s AEA
F &7 9E S th weld B Aol ot HMe &S F3 AME-stE
el AHMC/C = 099 yEADY Ak Hzagel FUEE Ao
FEATE Ao 2 AFRE F 19¢] AASATE T3, F 19¢] AAE Ao
Aol COD AAE 90% (C/Co = 0.1 A 2] BDST e Edz &9 430 1, 4, 8
BD/d= Wstat wjo] Ak a'e] WstE Ad7|o A" A (DS o] &ste] Artetlen, 1
A2 19 640 JERRS

R Aol o] At W2 f 7 40 BV/AIA d@How AL a gkt 898
T8l 42 a9 g 1, 4, 8 BD/de] fell A 7hzt 4496, 1.124, 05622 Al4FE o] A o,
ole} Z& WoR AXtE AAGS &88) FHY T FIF 4 vE W] A3t
A7 AAE FRT F J& Aow dddn
gAdere] wA F7I(E IF=HE AbAESr] f8 ATl AAE Q) Ad AdnE
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7 cm®3 05 g/mLE AALE LT}

-
T

9 A

\A
B

1512 g/d=
1805 cm® AR 4 St}

H71 f13 4295
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o
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Freke] Al g

ANE whsh ol

FEow 1 m'e
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0.5

6.75

2.75
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13.50
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33.75
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el Y

140 01 BV/d y=4.496x+ 6E-14
04 BV/d y=112dx+ 2E-14
120 2 8 BV/d y=0562x+BE-15
100 ¢ 40 BV/d y=0.1124x - 0.5124
£
~ 80
a]
2 50
4
20
u 1
5 10 15 20 25 30 35
Bed Depth (cm)
(a)
.
E » D D
ol e
y=01124x+ 15168 __--~
Z et
Eal et
8 R y=0.1124x - 0.5123
5 R*=0.9946
b [y
‘] 1 1 1 1 1 i
0 5 10 15 20 25 30 35
Bed Depth (cm)
(b)
64. @At A2 f5d BDST A A gk(a, a) ¥ Adsorption Zone(b)

160
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(15) &wF&71% 953 ¥4 YA 8& B

b Apga 712
2019 69 T 20199 12¢ (B3Ad=

= A2 SuiFEIt ASA Fst FA4AM et duA

=l
& ges #4% mas B AduA FHozAe A As4e WRun

Pr7tst7] ¢8te] Aeslw st A 2A} A 2~ (General Purpose Chemical Process

Simulator)& AF-&-3} At}

A AR=rel A ApEEe] A AAA o w AREE I = 3heF & RAF Al Aspen
Technology A} (Messachusetts, USA)2] ASPEN Plus, Simulation ScienceA} (California,
USA)2] PRO/II, Chemsharer} (Texas, USA)¢] Design II So] Qo EH A=
ASPEN TechnologyA}¢] ASPEN HYSYS A| 28l A g3lo] FHS HASHS T
ASPEN HYSYS softwared= ¢ 1,7007] o]/de] Aol st dolg wo]27}
WdE o] slew, 600] 7He] dofst A 600 Jfe] G9xA FAE BARE £ Qe
HEol sl Utk mebA ojedt FA HAF Alxdle 7b getE e Aol
Gl x2t A A8 = st A o3 AYUAAS FojWlown HdAl T4
AR AdE dojd 7 Stk

ASPEN HYSYS software:= H& JFdo= dujstx] ¢ 3doi bd 99
ol (Lease) e ALE-A o] Fsta Ao™, 1 tod7tA-2 Security Key b oF
39k USDe o] &t £ AFoMe AT sAT7]#e] RTI AFA2ddA SRt 3le

T Softwares &-8-3sto] &4& HAMsIAT
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() A7 &
ASPEN HYSYS softwareE Ahg-ste] & ATrellA 7id Bu]FE7|0h A& g3}
TS BARstol 17 65l YER ST

Ak gvle) fEFe A7 1 m/hre] AALER wigs (MIX-100)2 o] Fdth &3

AA grje GFENE @ ol wAlstdA dF & EXE FrEth

Sl 2 (X-10002 ojgd & F 5 Brine)st FHEH. o ¥
(T2 F7%) &= F5d S Awgsy] Sisto] 7HdgA (E-103)= olF5H, o
B A F F e 4 mFy] (E-101, 102)5 A X 3ste] 34 FebiolA 345 = g}

W 3H(Heat exchange)S 53] €52 AEA7|E% 3t wpxq}

ot
¥
il
o,
ofo
P‘L
s
g

Fo} S E o]FA 7] 98 BE (P-101) 2 & HEdx (X-101)¢0] A
Relg grjE w3k (P-102)8ta B 35 (P-103)87] 48l & Al 7je] =7t A x5 o
F Fere] As 203 ojwe] &, M7] AR o] Au] o

AEHIAS Hdl 27 A5 L£xv AA ngEe Hy £ 15T &

2ezAo R 7FAs o (Ng and Shazad, 2018), 2 9]o %= 10T, 5C ZHAdA 3=

U = 52289l 1429, 165%, 19.4%2 747t 744 5]

Scenario I 7 IS AAstHF o z 242 ASPEN HYSYS 22y AxE 717 %

HE 2474 e A wgkrle 4 3eeS Adigstr] 96 2 4 wghr)e] ofy
7= 20 kPa (2.9 psi)® A A3 ok

o
)
=
x
B>
ko
)
(r

al. (2017)0] 719 &g @3t 349 olyA &&S AHAst=H AR A7) oA
M3l E 8 (Equivalent electrical of thermal consumption)$l 33%2 7} 3&e] A4k
AH&-FA T

2 AlEY ol AdolA AANE ESuiFE7|N A& H@est FAAA AREHE F
MU= A7 oA v HolyX| Av|FS Fatste] sbgEw 1 W9 152 7
2.09 kWh/m’2 4F4 = A th.

olF FUT -7 AUA WEAFE LRSS W AAE bt T2 (Multi-stage



Flash, MSF)o]1} thehd & (Multi-effect Distillation, MED)9] 14.45 ~ 21.35 kWh/m®

wul olygl JAEH(Reverse Osmosis, RO)S 4 ~ 6 kWh/m® (Al-Qaraghuli and

Kazmerski, 2012) Bt} 953 oyx] @82 Aoz HAodrc

= oY FAE 7FEY d ¥4 (MSF 52 MED)¥ 2 &7 @435 373
il

2ol guje] ujdo] o] oF 55 62%o] Hialy] wWEel Aow BuHTh

- ER AwHom 92 ol 88 FHNN BAL AL L ST ASHS wlT S
At FHe wmd He dqud xRE B3 G9E 24T £ A Ao

7]t} ¥ o} (Elimelech and Phillip, 2011).

3t 20. Aspen HYSYSe| #&d &wjF=7|0 "3t 49 #dx2d 2 dyA 2K

5 9%k =2 olyA (539 keal/kg)E shA) kom 3 249 AAE uf

Operation conditions and Energy 5C \i'gl%e 15C
Brine flow (mh) 1.00 1.00 1.00
Solvent flow (m*h) 1.00 1.00 1.00
Final product Freshwater flow (m®/h) 0.19 0.16 0.14
Initial brine and solvent temperature (TC) 5.00 10.00 15.00
Water/Solvent separation temperature (C) 80.00 80.00 80.00
Total Heat Available for Recovery (kWhg/m®) 231.80 275.68 316.93
Heat recovered from solvent and fresh water (kWhg,/m?) 228.08  271.26 311.85
Heat Recovery (%) 08.4%"  984%"  98.4%"
Heat required from the external source (KWhg/m?) 3.72 4.42 5.08
Actual energy requirement for heating (kWh/m?) 1.13* 1.34" 1.54*
Power requirement for others (pumps) (kWh/m?) 0.39 0.48 0.55
Total energy requirement for solvent desalination (kWh/m?) 1.52 1.81 2.09

“Heat Recovery assumed that the 1°C of approach temperature of plate heat exchanger (Campbell, 2018)

“Equivalent electrical of thermal consumption = 33% (Fravel et al., 2017)

¥ 21. Dipropylamine®} &¢] #]< H|xl

Dipropylamine Water
Heat Capacity (kJ/kg/C) at 15TC 2.34 4.23
Heat Capacity (k]J/kg/C) at 80C 2.60 4.19
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__,%/ Solvent ‘ 10 -

e L Retum RCY-1 9
T g P02
Al
b 0 T o -
A oo 2 E-101 7 8
VLY~
= TEE-100 MIX-101 A0
Mixed g P-101 1 X-101
Solvent Feed Een—
MIX-100 - et it e ;gp.m
—-——t
ey =
Brine F_‘h
resl
+ Water F
— ]
Fresh
H20
x-102
L
f> Bottom

=1

a9 65. Aspen HYSYS software® F+A13F &ujF&=7|wr D43 F A% (Scenario I ~ III)

¥ 22, Aspen HYSYS® RALE SuZ3&7uk 95038 24 &% 9 S8 %71 (Scenario I = 5C)
Step
Parameter 1 2 3 4 5 6 7 8 8A 8B 9 10 g Tresh
H,0
Temperature (C) 50 50 50 50 790 790 790 800 800 800 8.0 60 800 240
Pressure (kPa) 1013 1650 1650 1650 1450 1450 1450 1250 1250 1250 1213 1013 1213 1013
Molar Flow (kg mole/h) 4338 1775 1368 406 1368 406 1775 1775 737 1037 737 737 1037 1037
Mass Flow (kg/h) 179037 93288 71935 21354 71935 21354 93288 93288 74600 18683 74600 74600 18683 186.88
Liquid Volume Flow (m%h) 200 119 092 027 092 027 119 119 100 019 100 100 019 0.9

- 111 -



3% 23. Aspen HYSYS® RALE SwjFZ71dF G531 Ao &= 9@ F%F 7 (Scenario II = 10T)
Step
Parameter 1 2 3 4 5 6 7 8 8A 8B 9 10 11 [resh
H,0
Temperature (C) 100 100 100 100 790 790 790 800 8.0 8.0 80 110 800 170
Pressure (kPa) 1913 1650 1650 1650 1450 1450 1450 1250 1250 1250 1450 1250 1450 1250
Molar Flow (kg mole/h) 6112 1609 1219 389 1219 380 1609 1609 737 871 737 737 871 871
Mass Flow (kg/h) 179037 90298 68446 21852 68446 21852 90298 90298 74600 15698 74600 74600 15698 15698
Liquid Volume Flow (m%h) 200 116 088 028 08 028 116 116 100 016 100 100 016 0.6
3 24. Aspen HYSYS® RALE Suw|FE&70F 943 49 &% 2 f3F Z7 (Scenario II = 15T)
Step
Parameter 1 2 3 4 5 6 7 8 8A 8B 9 10 jp  Fresh
H,0
Temperature (C) 150 150 150 150 790 790 790 800 800 800 80 180 800 90
Pressure (kPa) 1913 1650 1650 1650 1450 1450 1450 1250 1250 1250 1450 1250 1450  125.0
Molar Flow (kg mole/h) 6112 1494 1102 1102 1102 392 1494 1494 737 757 7371 737 751 157
Mass Flow (kg/h) 179037 83243 65079 65079 65079 23164 88243 88243 74600 13643 74600 74600 13643 13643
Liquid Volume Flow (m%h) 200 114 084 08 08 030 114 114 100 014 100 100 014 014
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SrjFE7Int Tt w40 B 2 AN 2= dAUAE Hasketal 5% o
232 @48y 9ste] A7) 2-(11) A A Ak

&
AE o] & N7t = 2 Vlwol A8E s vAS v HA AU e® KA

Aot gl G 27 1 mVhre] AASER WX (MIX-100)2 o]&dth. &g
AN Guls AR o ol2E wiAlstiA AN = $AE FTEH, & F49
Sl Al S FAK-10000M o w5k 2eld F A2 & EFEAMIX-10D=

olFH Tt oluf, ojYdLwjE 15 rng/hr.‘ﬂ exoz A2 L)

S 5% 8ot =g o) F o]dgn] 32 A2 A X-10D)d

(Ng and Shazad, 2018), €wj9] & 35§ 7] 2-(12)AA o] dgv] o] & 43}
Agel A R Ao 3589 8% 1A se] AAFATHE 25).

B oAEYold Aol AAE SulFE7|N A% G5s FANA AREE
AuAE daldAe 2= glo] &7 Ayl ouA 2m[ 3 068 kWh/mSE

AR Ao 5% o] & 3|5 E 0% o G AAEE UES Aol 1 kWh/m*&

o

?‘
ol
A
ol
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3 25. Aspen HYSYSe| 448 $uj327]0 gas 249 &

o

A= %

Operation conditions and Energy Value
Brine flow (m®h) 1.00
1** Solvent flow (m?/h) 1.00
2" Solvent flow (m?/h) 1.50
Final product Freshwater flow (m®/h) 0.081
P-101 (kJ/h) 66.7
P-102 (kJ/h) 66.7
P-103 (kJ/h) 63.4
Power requirement for others (pumps) (kWh/m?) 0.68
Total energy requirement for solvent desalination (kWh/m?) 0.68
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3—‘ A M-101

WIX-100
X-100 E,%b,
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26. 93t A9 oA AR (Karaghouli and Kazmerski, 2013)

Energy Type

Equivalent . Total Energy
o Process . Electrical .
Desalination Process Scal electrical to consumption
cale ener
thermal energy (kWh/gys) (kWh/m?)
m
(kWh/m?)
Multi-stage Flash (MSF) Full 1568 7 235 2575 195 7 27.2
Multi Effect Distillation (MED) Full 12.2 7 19.1 2725 141 ~ 21.3
Mechanical Vapor Compression _ _
Full None 7712 7712
(MVC)
Thermal Vapor Compression _
Full 145 1.6 7 1.8 16.2
(TVC)
Seawater Reverse Osmosis _ _
Full None 476 476
(SWRO)
Brackish Water Reverse ~ -
) Full None 157 25 15725
Osmosis (BWRO)
Electrodialysis (ED) Pilot None 26 7 55 26 7 bb
Solvent Extraction Desalination ~ ~ ~
Lab 113 7 154 0.39 7 0.55 1.52 7 2.09

(SED)

AdE AR sl 119819 Hl&R FRAHM o]F & F5E ST APA R
ojFHt AGAE FHs olFE &vle 2wVt FHEe wE BE F59
GulFo R e 199 Ayt E-gu) EERI)A FREH IFHY, 5
Aot d wAVE AA Aeow WAd ¥ 4 ¥4 5 $AY 4L 5
Aol AFE EE AAG & HFHow 418 558 T3 vt 58 F A
£, et Fvh 2eld W R A AW fdd] wEEA ek E-8
T ZRIAA BFeA Ha, #90 ES T Guizk &) WFHIPI)E F3
HEET vkeE fvle STy FZPDoR FaEE Algt Su#I0)Y A EFE
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<
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¥ 27. 93t A9 P AAF v]8 (Karaghouli and Kazmerski, 2013)

Type of process

Type of water

Cost (USD/m?)

MSF

MED

VC

RO

ED

23,000 ~ 528,000 m*/d

91,000 ~ 320,000 m*/d
12,000 ~ 55,000 m*/d

Less than 100 m®/d

30,000 m®*/d

1,000 m*/d

100,000 ~ 320,000 m?/d
15,000 ~ 60,000 m*/d
1,000 ~ 4,800 m®*/d
40,000 m*/d

20 ~ 1,200 m*/d

few m®/d

Large capacity

Small capacity

Seawater

Seawater

Seawater

Seawater

Seawater

Seawater

Seawater

Seawater

Seawater

Brackish water

Brackish water

Brackish water

Brackish water

Brackish water

056 7 1.75
052 7 1.01
095 7 156
2.0 7 80
0.87 7 0.95
20 7 26
0.45 ~ 0.66
048 ~ 1.62
0.7 7 172
0.26 7 0.54
0.78 7 1.33
0.56 ~ 12.99
0.6
1.05
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L A e g
(1) =% AA 43
(7h SCIE)F =& AA
- A g5 3 1A
= Dandan Dong, Dongmin Seo, Sungkyu Seo, Jae Woo Lee. 2018. Flocculation of
microalgae using extracellular polymeric substances (EPS) extracted from activated
sludge. Membrane Water Treatment 9(3) 147-153.
- FAFAA ] dAA: B =5 vAE N A 772 H([EPS)E o] &ato] =3
= 7F &olskA F2 MAUYAE sty AT Ve e dstow E AGellA

s Hy 7lad =4 ol By e M2 oS AHshy] A% AR

- FYIAA ] 7] E 90%

= Oh Kyung Choi, Minsup Kim, Art E. Cho, Young Chul Choi, Gyu Dong Kim, Dooil Kim,
Jae Woo Lee. 2019. Fates of water and salts in non—-aqueous solvents for directional
solvent extraction desalination: Effects of chemical structures of the solvents.
Membrane Water Treatment 10(3) 207-212.

- FaASAGe] AV B =R uFEH oluF §UE dow B Pz 2

et Grs Asd WAL 92 AFA/SE NS when FUd AT

A7)

- FYIAA L 7] E 90%

» (KCIsF =i) Oh Kyung Choi, Jun Ho Seo, Gyeong Soo Kim, Dooil Kim, Jae Woo Lee,
2020. Can non—aqueous solvent desalinate?: Suggestion of the screening protocol for
selection of potential solvents. Journal of Korean Society on Water Environment 36(1)
1-7.

- ARASY] ABAY: B = WFEA ofUF Sl 2o 4
2% ngew FRstel g4n gulz A4s] A% 44 7
Al

- FYAA ] 7] =D 100%
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- AAE 34
= Minsup Kim, Oh Kyung Choi, Yeongrae Cho, Jae Woo Lee, Art E. Cho, 2020. Revealing

the desalination mechanism of solvent extraction method through molecular modeling

study
- FAstAs AW B =R uSed ohF ik B YEwAE
A

- A9 71 E: 50%

= Oh Kyung Choi, Jun Ho Seo, Gyeong Soo Kim, Zachary Hendren, Gyu Dong Kim, Dooil

Kim, Jae Woo Lee, 2020. Non-membrand based emerging desalination technology:
Solvent extraction desalination (SED) process by using solubility-switchable amine.

- FRARAg] B E =S AFKA SuiFE gast g4 AA/edS F

=84 ol SulE ol &3 BWiFE " A4 A8 vteAds SHT AT

Aol

ot

i

- FYAA ] 7] =D 100%

= Gyeong Soo Kim, Oh Kyung Choi, Gyu Dong Kim, Jae Woo Lee, Dooil Kim, 2020. The
effect of solvent type, temperature, ion valency, and solvent reuse on the solvent

extraction desalination.

- FAARALY AV B =R AFGF L AA AFZLE §WFE 95 we
A grle] FR, 2E B3 2e HA wgARE =Es; gule] Aolg 5A

F9e 97 Ao

- FPH(A ) 7l E: 100%

(b steww - 57

= Oh Kyung Choi, Minsup Kim, Art E. Cho, Young Chul Choi, Gyu Dong Kim, Dooil Kim,
Jae Woo Lee, (2018) Interaction of water and salt with non-aqueous solvent in
directional solvent desalination, World Congress on Advanced Civil, Environmental and
Materials Research (ACEM2018), Songdo, Korea

» Zachary Hendren, Young Chul Choi, Gyu Dong Kim, (2018) Non-Aqueous Directional
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Solvent Desalination, 14" Japan—-America Frontiers of Engineering, Tsukuba, Japan
» MFE5, HLA, Xin Zhao, A+ <, Dong dandan, ©] A-$-. 2019. vH] 584 S| & o] &3+ &

o]

=

o

el A anbgre] ¥, et et s E3A s 20199 TESE R,
2019 3¢ 217224, o+ < =5(EXCO)

= Jun Ho Seo, Oh Kyung Choi, Jaeyoung Yoon, Dooil Kim, Gyeong Soo Kim, Gyu Dong
Kim, Jae Woo Lee, (2019) Effect of Agitation Strength and Time on Solvent Extraction
Desalination, CESE Conference, 11. 05. 2019, Kaoshiung, Taiwan

= Jae Woo Lee, Oh Kyung Choi, Jun Ho Seo, Jinwoo Cho (2020) Understanding Role of
Non-aqueous Solvent for Water Extraction and Salt Rejection, 10" International
Membrane Science and Technology Conference (IMSTEC), 2. 02706. 2020, Sydney,

Australia
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