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Current after Current density |Salt removal Desalination
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[160]  “&71<k ),

[161] R R

[162] 100,200,418: E& % d%%} A]

[163] 102,216,416: A 32 -

[164] 104,204: 9k =F o] & E’_%‘l}

[165] 106,206 : E}ﬁ*é F= 3

[166] 108,208: &= o] = 31}

[167] 110,210 : DH}*J =3

[168] 111: =84

[169] 112,201,401: 3 &%=

[170] 113: =854

[171] 114,203,403: &5 o=

[172] 116,118: #Hl 2 EH o] E

[173]  202,402: X A A

[174]  212,214,412,414: A =g
|

[175



17

PCT/KR2017/009730

WO 2018/048180

A= @ Al (unit) 2 A,

wir

T
= ol T
mﬂ%ﬁn
w5 2
gilkeae
" oo o
= TR
i
o R B0
& o W
o N W
T or o
Wroup X
Eﬂﬂg
™ X
< i
o=
o T 0
o_eﬂot
Mg T
o] N -
op B =
BRI -l
SECIC
o) B T Y
o Ik Mo do
% F W R

3

A1

4 3]

Q_—rL

%4

wir

_5,0

wK

o 91ofA,

&

A6

@47

Q_—rL

%4

wir

&

A6

% 8]

Q_—rL

%4

A7 Q=

o oA, 5

3
B )

A8

9]

Q_—rL

%4

7

S
T

F7bE e

qE FEE

249 A

o oA, Y

&

A6

@ 10]

Q_—rL

%4

@ 11]

Q_—rL

%4

wir

&

A6

@ 12]

Q_—rL

%4



18

PCT/KR2017/009730

WO 2018/048180

&

A6

@ 13]

Q_—rL

[

P, A= <

o

st o] g )

=
=

914

A5

o 91ofA,

&

A6

@ 14]

Q_—rL

[

122 2

801:

4 o]

wir

@ 15]

Q_—rL

[

Fo

=0

N

H

HA ] A

@ 16]

Q_—rL

[

A

A 2ok Al; L

— A
&

3}
g

v O
= =
o]

H
A 1deA;

1)
=
) .
T

<
5

3]
g o

H
A



PCT/KR2017/009730
Al 2dAl;
A 3ceHA;

9 <] A
A= ] Al (unit) 2 A,

T
T .

}

5

T .

T

—1 O

audoﬂ Q.

19

3 19]

WO 2018/048180
)

Q_—rL

3|

[78

To-
3

=
T

=]
I

d

A

ol %

=

Al
=
Al
=

_} 1

A= ] Al (unit) 2 A,

5= 9] A (unit) Z A,

15

S
]

1= 4]

s

=
=
jo=)

<3

<3

K

155
=

=,

5

)

=

=
Aol 54 A

Aol EAl A

d

T
T .

o

T

=,
3}

5

19%

-]

A

|
|

2 20
2} 21

q.

q.

Q_—rL
Q_—rL

3|

[78
[

wir

Al
=.

o 91ofA,

-]
2

q.

A=
A 20

s

o

=
1

2

.

<3
195

A
S-A 7}

A

|
|

22
23

q.

q.

Q_—rL
Q_—rL

3|

3|
[*%

[78
_o

A A A

ar

i
)

—_
fils)

e
0
ol

(N
oh



PCT/KR2017/009730

)]
AdE)e W

=

—

p=1
R

t}

20

A A Ao A B = A E(

WO 2018/048180

ol

i
nr

579

bz alahiz Alo]

Z7

12§25

[

g4

]
=

o 9o A, A

3

A
q.

A| (unit)

_(H

|23

L.

|
|

24

[e]
5} 25

q.

q.

Q_—rL
Q_—rL

3|

[
[

wir

A6

% 26]

Q_—rL

[

wir

3} 27]

Q_—rL

[



1/11

WO 2018/048180 PCT/KR2017/009730




2/11

WO 2018/048180 PCT/KR2017/009730

522b]
200

201 203




3/11

PCT/KR2017/009730

WO 2018/048180




4/11

WO 2018/048180 PCT/KR2017/009730

Saline Water

Conducting Activated Carbon
Wire l Electrode
Na~
cr
Na*
cr
Na®
ck



5/11

WO 2018/048180 PCT/KR2017/009730
[5=5b]
200

SRK IR A KRR TS TR F P F N K KRR S KA I RN T HFEFRF 2 202
203 T 7 T
¥ Y . #;




6/11

WO 2018/048180 PCT/KR2017/009730
[5=7]

Microporous 3 lon-Exchange ' 3
Honeycomb Structure Membrane Coating

Graphene Coating

e




7/11

WO 2018/048180 PCT/KR2017/009730

—




WO 2018/048180

[5=12]

8/11

132~

122

130

\

—~

PCT/KR2017/009730

o S i
oy e e o s 5 e o e

136

124

he

134

:138

326128



9/11

WO 2018/048180 PCT/KR2017/009730

[5=13]

401 403

414

402

(T8
T

Current (mA)
e

0.0 0.5 1.0 1.5 2.0
Time (hr)



10/11

WO 2018/048180 PCT/KR2017/009730

[%15]
8
7F
8 |
<
E st
5
3
3~
2 - et -
1 1 1 i 1 | 1 ] 1
¢ 10 20 30 40 50 80 70 80 90
Time {min)
[%16]
(c) Saline
+ Water = - Porous Supporting

Structure
. Flow Electrode

€ Cations
Anions

(b)

Anion Exchange
Membrane

Cation Exchange
Membrane

Graphene Layer

%

Saline Water Inlet .
l Flow Electrode Inlet Fresh



WO 2018/048180

[5=17]

(a)  Batch System

(b)

-

-

t

Saline
Water

o

n

e

.
.

.
.

.
-
-
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

e
-
.
.
.

Cout/C

Flow Electrode
Reservoir

Lo

0.9

0.0
0

11/11

PCT/KR2017/009730

%%
3%

3 x3cell

u
0 0O

1 % 3 cell (1 mL/min)

3 x 3 cell {3 mL/min

3 x 3 cell {1 mE/min

1 x 3cell

B, ‘

%€

20

40 60 80 100
Time (min)



INTERNATIONAL SEARCH REPORT International application No.
PCT/RKR2017/009736

Box Ne. I {Ohservations where certain clabms were found pnsearchable (Continuation of em 2 of first sheet}

This international search report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons:

1. [3 Claims Nos.:

becanse they relate to subject matter not required o be searched by this Authority, namely:

2. E Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 26,27
because they are dependent claims and are not drafted 1n accordance with the second and third sentences of Rule 6.4(a).

2

Box No. 1 Observations where unity of invention is lacking (Continaation of item 3 of first sheet)

=

his International Searching Authority found multiple inventions in this international application, as follows:

1. CE As all required additional search fees were timiely paid by the applicant, this international search report covers all searchable
claims.

O

As all searchable claims could be searched withont effort justifying additional fees, this Autherity did not invite payment of
additional fees.

3. [j As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

PN

4. E No required additional search fees were timely paid by the applicant. Couseguently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by clairs Nos.:

Remark on Protest En:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
E The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

ij No protest accompanied the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet (2)) (Jamary 2013)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2017/009730

A.  CLASSIFICATION OF SUBJECT MATTER

HOIB 4/94(2006.61}i, HOIM 8/0258(2616.68)i, HOIM 8/18(2006.01), CO2F 1/369({2006.01 0

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIM 4/94; HOIM §/18; CO2F 1/469; BO3C 9/00; BOID 61/42; GOIN 27/2

8 C25B 11/12: GOIN 27/416; HO1M 8/0258

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC a5 above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

current collector, high capacity

el OMPASS (KIPO internal) & Keywords: flow electrode, ion exchange current collector, channel,

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

faftice type structire, porons

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2016-0032949 A (KOREA INSTITUTE OF ENERGY RESEARCH) 1-25
25 March 2016
See paragraphs [0029]-[0077]; claims 1, 2; and figures 1-6.

A IP 2009-098027 A (BEIWA CORPORATION) 07 May 2009 1-25
See paragraphs [00221-[0037]; claims 1-3; and figures 1, 4.

A EP 3045431 Al (DWI-LEIBNIZ-INSTITUT FR INTERAKTIVE MATERIALIEN EV.) 1-25
20 July 2016
See paragraphs [0045]-[0057]; claims 1-13; and figure 7.

A US 2012-0273359 Al (SUSS, Matthew E. ot al.} 1 November 2012 1-25
See paragraphs [0044]-[0057]; claim 1; and figures 4A-8.

A KR 10-2015-0127828 A (SK INNOVATION CO., LTD.) 18 November 2015 1-25
See paragraphs [0032]-[0087]; claim I; and figure 3.

Further documents are listed in the continuation of Box C.

[

See patent family annex.

Fal

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

05 JANUARY 2018 (05.01.2018)

Date of mailing of the international search report

05 JANUARY 2018 (05.01.2018)

Name and mailing address of the [SA/KR
Kerean Intellecmal Property Offi
Gaovernment Cowplex-Dagjeon, 189 Seonsa-ro, Daejeon 302-701,
Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

. . . International application No.
Information on patent family members

PCT/RR2017/069730

Patent document Publication Patent farnily Publication

cited in search report date mermber date

KR 10-2016-0032949 A 25/03/2016 KR 10-1621033 B 16/05/2018

P 2008-008027 A 07/05/2009 NONE

EP 3045431 A1 20/07/2616 WO 2016-113139 Al 21/07/2018

US 2012-0273359 A1 01/11/2612 US 2014-0202880 Al 24/07/2014
WO 2012-148708 A2 01/11/2012
WO 2012148709 A3 17/01/2013

KR 10-2015-0127528 A 18/11/2015 NONE

Forrn PCT/ISA/210 (patent family annex) (Jannary 2815)



FAZIN =
TAZANE LA PCT/KR2017/009730

A o] SeE )R FEASAEFAPC)
HO1M 4/94(2006.01)i, HO1M 8/0258(2016.01)i, HO1M 8/18(2006.01)i, CO2F 1/469(2006.01)i

B. ZFALE Eof
FAE HATAFA S EFE 71 A)
HOIM 4/94; HOIM 8/18; CO2F 1/469; B0O3C 9/00; BO1D 61/42; GOIN 27/28; C25B 11/12; GOIN 27/416; HOIM 8/0258

FAbE 7] G iobo] Sk H 2% o9 o]
FHTRABAGTN W T AUBULTN: FAE H 2Tl 7| A IRC
ARERAZNckTR Y ARFALENG TR 2Abd HaEAee] A4 TRC

Al Ao o] 8 714k el el ] o] (el el w o] o] A R A Ml F s A5

CKOWPASS(531 7 )2 A A 28) & 71912 5§ AF, olemansd, A4, 2439 72, dgd 24, o8I

C. #HFd
ﬂ*

7}l AL AerdE L AA FHEID e = A5 71 A e A3
A KR 10-2016-0032949 A (FH=ollqRx|7|&d 7<) 2016.03.25 1-25
kel [0029]1-[0077]; A7 1, 2, 2 = 1-6 F=.
A JP 2009-098027 A (EIWA CORPORATION) 2009.05.07 1-25
wheb [0022]-[0037]; A7 1-3; ¥ = 1, 4 F=.
A EP 3045431 A1 (DWI — LEIBNIZ-INSTITUT FR INTERAKTIVE MATERIALIEN E.V.) 1-25
2016.07.20

wheb [0045]-[0057]; A7 1-13; 2 = 7 F=.

A US 2012-0273359 A1 (SUSS, MATTHEW E. 5) 2012.11.01 1-25
wheb [0044]-[0057]; A7 1, ¥ = 4A-8 #=.

A KR 10-2015-0127828 A (ol =7 o] o] mm]o] A Z213]A}) 2015.11.18 1-25
ek [0032]-[0087]; A7 1, & = 3 =,

= 5 \/ - ] = - =
F7F el c(AS)l 714l = o] stk X a1 5310 B3 i 2 Fael Al s
=4 E1iH
*RER e SE A o ZAEAY B SH Fo BAY EHOT BN} AF4
‘A7 5e el gl Ao wol AA VErEe g gy FoS MRV A dei el e csa] A <4
bkl
B FAEADRT ME £ B e AdS PG FAEID T e i
o TAN e EE B £E TX 5U@ Adel n 89 Y £ shive s A7 Mol 4
‘H‘ & AT {HOO] git‘ 7)\——E \_q
LY SN TR R e AV S B BE DB AGER FAY ~ s ]
EEOE 52 @ o] (el 42 BA)E ey detel dled g Y FEB AT G 2l 6D wale) i ol gl g walg
2Fehs 292 1 x50 FdAel A AR @ A A7 0
S 3RAge] gl Aem £t

P 4 olFo] T} FAEAY o] o] FAjH £
Al o] A S AR 85D
2018 019 052 (05.01.2018) 2018%1 01 05 (05.01.2018)
ISA/KRO| 4 5 $-AF 4 RS e
=R E
) w4

e 5 +82-42-481-5405

M~ G +82-42-481-8578

221 PCT/ISA/210 (- 91 A A1) 2015 1€



TAELAND

=
FAZARIA PCT/KR2017/009730

A\ AZ 4F ATdE =M

=]
S
a4
e
o
o
lo
Lo
jo
Pl
)
2
oo
X
lo
W
lo
Y
W

PCT A175(2) @2l 7F7d ¢l uhet th&ot 28 o)f = 5 A7 3ol tisto] & A ZAR 47 44 4] ofy 8t Sls

L. |:| A
(o]

o] A7 B y)e] AL F o) glE ulAtd #ag YT &
2. |:| A
o] AFYL Fagh FAZANE T F §lE AER AA 0 8708 FFHEH] of sl wAEY e F-2 7 B

oorAR e R =,

3. X A o6, 27
ol BTIL THATZOIUPCTTHE 6.4@2] T 4 R Al A A 73] ardel] whet 2d o] Sl edsu e

A7 4G Ee] gdgo] dog -9 AR AA 849 39 AL

B A A7) B B FAZ D) g3} o] o) wrde] glrha v,

3. =<1l
[z

4. [] %29
E

SEEEL
A3 71A

-z
;c?ljz
ofl
_O|L
rlr
o
o

ok G FAbe S Eoh R .

27 ERER oY oo H BT WA 2 FA ] HAE

Lo
1o
o
1o
2
o
i)
pis
X,
i
N
L
P

A2 PCT/ISA/210 (31 914 821 2] A< (2)) (20151 1€



TAELAND

A ZF AR 3L A
0 =s0) Bak An PCT/KR2017/009730
& O E =) -= wd
jf;]%*%?%"” A FA SRR 2R
KR 10-2016-0032949 A 2016/03/25 KR 10-1621033 Bl 2016/05/16
JP 2009-098027 A 2009/05/07 He
EP 3045431 Al 2016/07/20 WO 2016-113139 Al 2016/07/21
US 2012-0273359 Al 2012/11/01 US 2014-0202880 Al 2014/07/24
WO 2012-148709 A2 2012/11/01
WO 2012-148709 A3 2013/01/17
KR 10-2015-0127828 A 2015/11/18 He

X2 PCT/ISA/210 (T]-3- 53] 5-718-4]) (20154 19




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

