


2023 052172)-052192@
May 17(Wed)~ May 19(Fri), 2023
o ZARHIE HIE

m

B T

A
-

m

|-‘J

}\]_ ["Sowon |

3713

OH

o
o

Eﬂﬂﬂ R A A

The Membrane Society of Korea

3} v 2
1'C O G sz KPR SROTINE



ot = 9t s} 3
202349k &/ &3 ¥ stetiEs| Y8
1 20234 58 17Y(+2%)
12:00~13:00 = =
£ HEHR] 7]&nS APLKHTES)

\Eds Organizer / Chairperson : 755t (AT skw)
13:00~13:50 SrETarlE] 71208 EHE 74 2 VIS 83 | AP HAKEAF0|MN)
13:50~14:40 2lEolAAA B2l 712 o8/ /71N A/l A | ol HAKLGEIE
14:40~15:30 | 7IAE71&E@ T XY 72 o/ AR SHE 44 & uj Y | 2% ax@Fden)
15:30~15:50 F 4
15:60~16:40 OJRA| 9] 7|20l &/7 a7 /EAR /7T @R/ AT | S 2@ E )
16:40~17:30 Hlol 2@ 7]&9] 71x0lE, Tledl | vl A | Fe @ EHicha)
17:30~18:00 *A5A Lol AA3] ¥
18:00~18:30 *2023 A BoEsk
1 20234 5¥ 18 (F52¢Y)

8:00~ = =

S (2 1] A 2 FE(IMA)

ARk Organizer : O|5+% WAKI=2}5td79)) Chairperson : oJ5+% HAKI=SRIAT), 23U Wit
09:10~09:15 7H8] A | olqtE EAHEESRERI)
09:15~09:20 Sl QA | A BN StEkITR)
09:20~09:30 FAAE HAbd o A
09:30~09:50 At Bt 282 AT B2 | ol R WA SRt TY)
09:50~10:10 7AHlE gk AT TR SR V1A | ol w(RtgTiskn)
10:10~10:30 Hollow fiber membrane contactors for carbon capture and resource recovery | BiEfE w4(KAIST)
10:30~10:50 Mass Transport Phenomena under Nanoconfinement | Br&F (X3 5-3tfistw)
10:50~11:00 RS




A

Sof 2734734
AlZE Organizer @ 71&3t W(AAHSk)
11:00-11:30 *237A 1k GAFHY 1ARAYEE A% T3 A7) - a2 B A
' ' AR o 71878 A MIHEER) | Chairperson @ 23] wWaxFdtish)
11:30-12:10 * 277 2% Membranes towards 2050 ~Fuel cells, Water electrolysis, Disease diagnosis, and Water
’ ' purification | Prof. Takeo Yamaguchi (Tokyo Institute of Technology) | Chairperson : 738} w4y dAtsha)
12:10~12:40 2023 &4 &3
12:40~13:40 HAAA
13:40~14:30 ZAE AA
Hof | [HAALIA FAl oA AA/HEE 7]& SIHIMB) | [ZIAIER]] &7t 71A4] 29 7% 7i=H(1MC)
A7t Organizer / Chairperson : 7&% BAKF QSRIE|AER]) | Organizer / Chairperson : A n(alzitishw)
14301450 CEE o]y AmdA A Development of Ceramic Membrane Contactor for
' ' 49 B (FAR U El o] i Ho] A) CO; Capture | 018 HAHE=AEATY)
14501510 HDEH o dwa SATHAAR] A% Rapid Synthesis of Mixed Ligand ZIF-8 Analogue
. ' AU Z2AEEH(HDEAH LYW H) Membranes for Gas Separation | H&e] W ishy)
ooaga | FEWVAE RN 289 44 Al 5% | WokRA BRSSOl tyet 714 wels
T 918 AFAYERAEAATY) 9 | oA et
15:30~15:50 HIZEE A=A A 53 AN MOF BAHLoE At & Z7|1d4te] 7tARe
' ' o]’dd A EH]A) e wa(EETeh)
15:50~16:00 54
ol o193]] A 7R=st ATsh] AL
(£ 2] K-water AI-DT 7[5t ulefal AF=E 7] [21/3 H‘_W"é-u%tﬂ] 3 7hs T 23E
o} 12(MD) B3 Ea oA A 9 F(IME)
Ak Organizer / Chai . 43 A K-water) Organizer : o]& BAHEO|A]7]&AT-H)
rganizer airperson : El ~water _
g P Chairperson : #%3] BRAKFIAOIL 271 &A7-2)
16:00-16:20 ofoja} At 2949 Al 7|4 AntETE 2 s FeA THS A% vty
' ' 483 2FHK-water) 16:00-16:30 Ui g 29 A a4
Ed A 719 BAISE 21 W 224 BHKAIST)
16:20~16:40
A AT A(K-water) W4iHd CHA Al&etolE Eejute]
5401700 hatols] st} =25% 16:30-17:00 718 g5 v T A+
' ' %23 IHK-water) ARIA] HAKZETisha)
5 Zglolmto|& YL Bajgt ARE 935
K-water ZHEHE|AA] L&538% =etetel . H I S :]
17:00~17:20 o187] AHK-wator) 17:00-17:25 | wlIY instability 4= AHES
e o14% (e Hhet)
17:30~19:30 A 9 oA} 73




1 20234 5¥ 19(32Y)
9:00- = =
[} AFQAA] REEA /AR AYS] T 7hA A4
o} [F73/AEe1A] Ee9a} A& ol4(2MA) 3t w22 A57]1%(2MB)
AlZE Organizer / Chairperson : HX|& w=(FA=goist) Organizer : ARE BAKE=3SIEAT-Y)
Chairperson : ¥F8& W4(E=tgka)
5 2o 229 VAR AlEE ol
09:30~09:50 % ]j_]ﬁ j:(] 73*1};;]; ﬁ}lf;" ] 0030-00:55 | VB/GF 218 A8 HEPA B8} 4 vl
Bt - bl 149 epy@EEe g
Materials StudioE ©]-83t tfafst Eajut mdlgy &
09:50~10:10 Algdleld Al o ALt AFEst LT A A2Ee 95 Bk
A 25A{(F)Insilicol 09:55-10:20 B ot HAst
10:10~10:30 Machine Learning for Nanoporous Materials Design A4E xSt A))
' ' o]83 w(lstgh)
SlkALe] HAFLA A2
A ABdol HTHE BB TRAANIL SRR LA A
_ o 10:20-10:45 | opitsld4o] HelsleE 9t Bejot
10:30~10:50 | AZAA(PEMFC)E PFSA(perfluorosulfonic acid) BHEH | DA AR TE)
olounlo] A& E3t 24 | AR SIS SAEE | AHE BT
10:50~11:00 % 4
ol [oHA]] A715teks =484 & &-8-2 9i3t [@AAlojuto] @] Sto|EHlo| @ A8 Hejdh 7l&53dF
B . o2t 1(2MC) (2MD) | Organizer : Bt%A] HIAKR=2}5tA-9)
v Organizer / Chairperson : o4d wi(gh=tist) Chairperson : BRIl w45t ekar)
11:00-11:20 2H g B AT 7 olkwdhd Az Hlo] QA o] AAEHIE ]9l o} ofH| 24 1EA ]
' ' HRE A=t Az}t B4 A+ | BAY w (A7 eka)
oprag | Nererreclspersile er NenopartEss N | e gaz o A spolostsfol el ) elet
20~171: Ir 1on
erfluorinated lonomer solutions an e; o 29 | wee) vpHaksslel el
Exchange Membrane | #5%9 Z(3Ydsta)
Development of High Performance Polymer TS B ohATEE T
11:40~12:00 | Electrolyte Membrane through Solvent Annealing e
_ _ } $H w(FEHstw)
Vapor Method | FX18 AT A1)
TELA gol2ndtE 85t FaAFE B4 A5t ARG A 715k et AlRTE 5
PZO0IZE0) ormvjel lsiet 2271 | R o) SRR e
12:20~13:20 A A A

— i —



A o

X BFAH2ME)

AT F& Ald) ZEMO)

\Eds Organizer / Chairperson : 755t WA djsty) Chairperson : HP4E] w(A=djsty)
JEelgE A @718 K B9
Advanced Materials for Securing Water: bioinspired | 13:20-13:30 | ABE¥FS7|oA] ALA 8% dtjo}
13:20~13:40 membranes, and atmospheric water harvesting Z0] ofgF | ZA9lA(Qlshek)
97 BHEFIIHD) raa0 150|715 C BHE ST g0l B
' ' 715ke] HeuiE e | g8 9(UNIST)
Y 24 PEE 5T /1A B3
: : C o 113:40-13:50 | BE9F FHoIAY] 29 ARt IF B7t
Thin composite membrane for gas separation with ~ ~
13:40~14:00 lcohol soluble pol 51t st
S e ahet oo oes] EAEAT AARAE olet 1EA
43S HAKE Rl ATE) _ -
AR B 13:50-14:00 | MNAARAA(PEMFC)E S &
Az A+ | FEEITHHT D)
Comparative study of two metal-organic
14:00-14:10 | frameworks for thin—film mixed matrix
membranes | 7304 (AAHSkw)
wooage| B ARAES cjsiet gsurtel Be @ A study on upcycling by hydrophobic
’ ' uksh} IRHK-water) surface modification of end of life
14:10-14:20| PVDF membrane : Application for
membrane distillation system
HPEFEEHT D)
Proton blocking anion—exchange
membranes modified with various
14:20-14:30 . for efficient electro- b
Copolymer-based Gas Separation Membranes amines for e |<|:|er; ]e;(io{;;q;nl,)rane
DA - ) e processes | O|A|A(GTE e L,
14:20-14:40 throug_h}\J:]dlmouZ C:}e}\mlffci M?dfcatlon Ethanol Selective Silicalite-1 Coated
ko) o o ol
A el EKE ) PDMS Hollow Fiber Membrane for
14:30-14:40 )
Pervaporation | Ammar Muhammad
Junaid (ZEtigiw)
Influence of a sidestream supersaturated aeration MOF-based 3D Membrane for in-situ
14:40~15:00 | system on the membrane filtration performance of | 14:40-14:50 Alveolar ROS Monitoring System
a membrane bioreactor | A BRAKA|IZs}w) o|4A(A=Stw)
15:00~15:10 s A
o} ZAH bE AYA 1 ZAH bR AYA| 2
AR Chairperson : 2748 WA(F73stm) Chairperson : O|A1$- WA= ts})
15:10~16:40 EAE HE AT EAE bE ATX]2
16:40~16:50 | %A &2 ASk At HEHI(Membrane Journal) | A& AL A4 w5 3|tetw)
16:50~17:00 HIA (S5 =% A 2 AE FH)

_iV_



I 2AZH 1 : 20239 58 18Y(229Y)

BIOIR o] 3@ )

O30 | g s st Teimueiele s 5390 171 - 445 23 99
| 2444 2202349 58 18Y¢(F2Y)

Prof. Takeo Yamaguchi (Tokyo Institute of Technology)

Membranes towards 2050 ~Fuel cells, Water electrolysis, Disease diagnosis, and Water purification

11:30~12:10

1 20234 5% 18Y(22Y)

A Z9%
[E21] SMEF W= F2(1MA)
Organizer : Ot BiAKEHESISIATLR]) / Chairperson : O|1S BIAKSHESISIAI 1)), MY ma(SHFTstm)
TMA-1 e F)eet E-8-2 5t Eajut =it Y)ol s
(09:30-09:50)
TMA-2 FiulE] 92y Mo TEAEERE B3 VAR | (SFiEa)o] g2

(09:50-10:10)

TMA-3 Hollow fiber membrane contactors for carbon capture | (KAIST)BfEjS*
(10:10-10:30) |and resource recovery

1MA-4 Mass Transport Phenomena under Nanoconfinement | (E&-sattieh)etad 4+
(10:30-10:50)
[EX|ARAA) XA OfHX| XME/HE 7|2 SSH1MB)  Organizer - Chairperson : A& BEIAHIREQIGAER))

TMB-1 CE] ol5d dA8HA A (FAHE 2] E]o] B o] )& Wl
(14:30-14:50)

1MB-2 HDAW LU SATHALY d (HDEH YW 3) g+
(14:50-15:10)

1MB-3 SRS ARAR] A A Ve 5F (F=A A AT+ R &+
(15:10-15:30)

TMB-4 HIZEE AsdA N 5 (Fef=H] )0l A

(15:30-15:50)




A Zd%
[§22] A-DT 7|8t Oj2fd A= 22| 7|2 SHMM(IMD)  Organizer - Chairperson : ZXHEH XZH(K-water)
TMD-1 gojx et 299 Al 7|5 AnfET|E A8 (K-water) 4 3] %1*
(16:00-16:20)
TMD-2 Z A 7189 AR 41 A (K-water) A4 &
(16:20-16:40)
TMD-3 thitedst siaed=ral FE (K-water)&Z2*
(16:40-17:00)
TMD-4 K-water AF:HE=IAIA] 582 (K-water)o]g7]*
(17:00-17:20)
B ZAUY
FIMZa) X&7Rset 71M 2212 71E 7 (1MO Organizer - Chairperson : %8¢ W= (12{CHStm)
TMC-1 Development of Ceramic Membrane Contactor for CO, | (SHFAE Aol &+
(14:30-14:50) | Capture
TMC-2 Rapid Synthesis of Mixed Ligand ZIF-8 Analogue (FAdisty) g e+
(14:50-15:10) | Membranes for Gas Separation
TMC-3 UV-7tsd Eeolu|=F o83t thefdt 714 &ejqt (T AR
(15:10-15:30) | =&
TMC-4 A2 MOF 4oz Adt @ Sob7|dute] 7iAaRe] | (A&t /dek
(15:30-15:50)
(ORISR /)] & 7tstt a7etd =EE St 222 QIR 7HE X 2E(1ME)
Organizer : 02! HAKSIROHX| 7| AT R) / Chairperson : #&fl BAKCHRO|HX| 7| AT R)

TME-1
(16:00-16:30)

TME-2
(16:30-17:00)

1ME-3
(17:00-17:25)

High—Performance Osmotic Power Generator via
Asymmetric Nanochannel Membranes

S Cpia Argelols. eletel 47189 85 2

ol

_]
J s

EejopolE Uleejat RS 3k vy
instability & AHA=gt

(FH=pol ] ) AT

_Vi_



1 2023d 58 19¥(B2

ol
2

)

7O Xt
oio

A

[E&/AlE201H] 22[9at AlZ|0lH@MA)

Organizer - Chairperson : 2t

= maEEY

St)

2MA-1
(09:30-09:50)
2MA-2
(09:50-10:10)
2MA-3
(10:10-10:30)
2MA-4
(10:30-10:50)

o5 Bejor melo] JHRa Agdold

Materials StudioE o]-&%F thafst E2i4 g &
AlEdold AH 9 AL ZRs3t

Machine Learning for Nanoporous Materials Design
A5t R0l FHe BeW TEAH LY
AFZ AR (PEMFC)-& PFSA (perfluorosulfonic acid)
0|9 Abh Bl B

(3=t EA] =

(®Insilico)A A2 d*

[O4R]) T [Sfefxf 2

T

= T =523 O|

=o=2 T

Organizer/Chairperson : O|&%1 W=(Th=Ch

'c'>'I-I|,_)

=

2MC-1
(11:00-11:20)

2MC-2
(11:20-11:40)

2MC-3
(11:40-12:00)

Highly Nano-redispersible Ceria Nanoparticles in
Perfluorinated lonomer solutions and Their ion
Exchange Membrane

Development of High Performance Polymer
Electrolyte Membrane through Solvent Annealing
Vapor Method

(AR

1209

*

Ew

(34

o

e

1)

@B AT DA

2MC-4 TELA SOl AERt FAARE T4 A5t | (Deoista) ol

(12:00-12:20) | Yo}l M7|skst &7

AMZl AAXHME) Organizer Chairperson : Z&% W= GIM|CHSt)
2ME-1 Advanced Materials for Securing Water: bioinspired (T etw) &4

(14:30-14:50)

2ME-2
(14:50-15:10)
2ME-3
(15:10-15:30)
2ME-4
(15:30-15:50)
2ME-5
(15:50-16:10)

membranes, and atmospheric water harvesting

Thin composite membrane for gas separation with
alcohol soluble polymer
aroia} FAlHe] ozt J5g7ol et

hal

A7

Copolymer—based Gas Separation Membranes through
Judicious Chemical Modification

Influence of a sidestream supersaturated aeration
system on the membrane filtration performance of a

GEEEEE I

(K-water)glghg*

(gHist) 2 o] Fa

membrane bioreactor

— vil —



LA EHEA/OEX] AS| Dk TpA

B

H37|& (2MB)

Organizer : ZEE SIAKSI=RSIEIATR) / Chairperson : EFYZ W~ (E=CHEtw)
2MB-1 MB/GF & A7 HEPA ZH A% vlw EF=AE YA ZE) A
(09:30-09:55)
2MB-2 I A AAEE 993t gEtg Bt 4 HHSE | (Pl AU R) e
(09:55-10:20)
2MB-3 SR BAYTEAOA WAl T ofAlsl 49 (Gl R P heay
(10:20-10:45) | BejslE gt Bt 2454
[RAZ|0{HIO| 2] 2I0|EHIO|2 MAE #2| 7|=ESEH2MD)
Organizer : S5 4] HiAkSHRSISIATLR) / Chairperson : B4 QEl W4 QlIS|CSt)
2MD-1 Hlo]QujA o]A4EH|E 7]Hl o}l oH|2A4 MEAS] | (AAisha)EtA g*
(11:00-11:20) | Azt B4 AT
2MD-2 ZIAEZ A 7|9t Hlo]eajmlolu o] Bt | (=Sl ) gk
(11:20-11:40) | 2Hg
2MD-3 171573 AEaG utAIdy AT (A3t
(11:40-12:00)
2MD-4 ARG A4 7Eke] BEjg Axr|e 53 (ddst) A+

(12:00-12:20)

1 20234 58 19¢(B2Y

)

B ZH¥

o7 25 Nti —EMO)

Chairperson :

SPEE] ma (Rt

MO-1
(14:30-14:40)
MO-2
(14:40-14:50)
MO-3
(14:50-15:00)
MO-4
15:00-15:10
MO-5
(15:10-15:20)
MO-6
(15:20-15:30)

MO-7
(15:30-15:40)

MO-8
(15:40-15:50)

MO-9
(15:50-16:00)

Jeo19E A2 E71 e Rl AEierlelA
A=A F& Hdor £ IF &

7194 C- 9GS 913 Sole WA 7)tel
E=rHiE

B 24 WG S0 g Ba) Relo
AN 29 A I B

BAFAs AARALS o 43t TRAHNIARHA]
(PEMFO& &1 &318] 715 A7

Comeparative study of two metal—-organic frameworks
for thin—film mixed matrix membranes

A study on upcycling by hydrophobic surface
modification of end of life PVDF membrane:
Application for membrane distillation system

Proton blocking anion—exchange membranes modified
with various amines for efficient electro-membrane
processes

Ethanol Selective Silicalite=1 Coated PDMS Hollow
Fiber Membrane for Pervaporation

MOF-based 3D Membrane for in—situ Alveolar ROS
Monitoring System

(ST, A
(UNISTZAS, A8, Hgap

(athztas, 2gE
(@A AST (FoFoIE
(AYFYDLAES, 1AL, BT
CHEEE

GREIFES

A5

BEMEEE, 5=

(FEHelAE, Fg*

(Z9)Ammar Muhammad
Junaid, Htet Aing Naing, Azimjon
Rasulov, AHIX|, Z&H3]*

(A=t)oladd, FAA], s,

By

— viii —



1 20239 58 18¢(52Y)

ZAE MM (13:40~14:30)

SRS
PO-1 Mitigation of biofouling in membrane bioreactor for AgsrieEdds, s
industrial wastewater treatment through quorum oM
quenching: a pilot study (gt aEdo)olad, A3,
A%
(e g)ol A7

PO-2 Tuning cross—linked network of Polytetrafluoroethylene | (RFFt)AY, Aaty, Bhay*
(PTFE) Reinforced Hydrogel Membrane for Enhanced
Mechanical Strength

PO-3 Polyamide Membrane with Troger's Base Intrinsic G AEy, aear
Structure Nanofiltration through Interfacial Polymerization
PO-4 Applicability of environmentally friendly solvents for (3FsF)Tunmise Ayode Otitoju,

sustainable membrane production 2743, 174, F1g], 8R4,
dholFo], 2J&*

PO-5 Characterization on A Commercialized Heterogeneous (MF AT A
Bipolar Membrane for Water Purification (AR, oA

PO-6 A Study on Characteristics of Pulverized lon Exchange | (A7ZAH)3]A1&, 7Ara*
Resins

PO-7 AF 9 S7F 3789 v=Zaiil A 9 v o fAYUS | (FAI)eld%, gAdar
A

PO-8 2 9 S U o} o B3 o8 HEISRME | (FARNASR, AE*
AA
PO-9 Polytetrafluoroethylene-based Membrane Adsorber Using | Gt A-S-A, §5A, AIA,
lterative Growth of Sulfonated UiO-66 Nanoparticles for | BF@H*

Dye Removal in Wastewater
PO-10  |CHABAZITE Membranes ©-83t W= & $&2] 5487 (Hle)oldA, AFE, AAA,
A
(@APIXN)ZEE

PO-11 TEA fEHITor d8o] 4 TEol¥E A A7 (IstehEAl &, e
& B BEET1Y f71E AAET e
ATl vlA= FF

PO-12 Biofouling control in a membrane bioreactor through the | (A23s7lad)2 12, 18
addition of cell suspension of quorum quenching A, Sz, QdA*
bacteria

PO-13 | Ammonia recovery from wastewater by carbon nano (FAAEE, HAE
tube composite membrane in membrane distillation

_iX_



e

PO-14

PO-15

PO-16

PO-17

PO-18

PO-19

PO-20

PO-21

PO-22

5] ou|x] B4 7142 T8 Heje} ojrio] i
NERAE AR As ATt

2R B WALS T8 Aty vhiolst WHEl
Az 9 vteA] HeHE] g7t

Selective removal of dissolved silica with key ion
transport through ceramic nanofiltration membrane

Study on the structure and properties of the LCST-type
styrenesulfonate—based draw solute for the forward
0sMosis

Folgld FEE o83t LYME ik HAe ¢
x4 s}

Exploring the reuse of laundry wastewater: treatment
and cleaning strategies of ceramic ultrafiltration

A

Tl

Mo

membrane

A71--2e4 3L B9 vieA H5 i 824
A7t A2

HE=E F UANESAE AAE SR SR Az
el vl FEA 59 3

Synthesis of dual-responsive imidazolium—based ionic

liguid and its application to draw solutes of forward
0Smosis

(olstofe @, i

(olsfoie)ol 41, Hhke

(cltol A9, e

(SorSta)ZAId, A+, da*

(FA) AR, da

QEEEIEEL R CEh

(olsfoie)ol A A, Hhks

&8, 22 3 AlEopd

PO-23

PO-24

PO-25

PO-26

PO-27

PO-28

PO-29

Aot oledEEs} dudx] 450 vxle g 24

EAFAS AARAZ 0] §3 vlelE g IEAA
oloierle] 24 A Zolo] A

AA4 BAR7IA(FOG)oIA PEOA E&jdla}l Polysulfone
F3AMERe] CO &3 Hlm

AdA FRAZIAFOG)OIA Iek CO EE3+E 35t
ukEa] =2 3 ek

HFEA7EA COGOA FBAAF TEE £244(99.995%)
3|9t HHEE-PSATAG TS 5t 4 Eut
T AT

ZYHE STARS ARSSE H7ARIOIA 445 LDG
29 44| Algi'ﬂOVd 2 zAs}

TEA mdof] =lH 7|A] BALe] Ao mE it
EAo] Fst BEApeHst A+

(C&=dd) a4,

(AFRN AL, BB,

(F=)erdd

(Srerd) e, =719,

bl
oA, Fu4, HEy, 44

(Srerd)Hed, 2719, ma

ojAd, F94, WHEg, 44

ErtelEad, 2718, Ul
Fu, oA, e, 14




7IM & S7] 22(9F

PO-30

PO-31

PO-32

PO-33

PO-34

PO-35

PO-36

PO-37

PO-38

PO-39

PO-40

PO-41

PO-42

PO-43

Accurate evaluation of hydrogen crossover in water
electrolysis systems for hydrated membranes

Zelojgl2oln|= FEAE A% 2 air-gapol THE
71Ae 4 w7

H,-Selective Gas Permeation via Polymer Hybridization
into Graphene Oxide Nanoribbon

Chitosan/Ag(l) thin—film composite membranes with
high CO/N, separation performance by facilitated
transport

Understanding of Relation Gas Transport Properties with
Free Volume Elements in Fluorinated Polyimide
Membranes

Understanding of water vapor permeation properties
using nanocellulose-based membranes

Intrinsic Defect Control of Polycrystal Graphene Through
Nucleation Density Control

Polyimide Membrane Incorporating Exfoliated Few-layer
Graphene Flakes for Improved Gas Barrier and
Mechanical Properties

ZIF-8/6FDA-DAM Mixed Matrix Membrane with
Different Filler Shape for Hydrogen Separation

Preparation of Pd and Pd-Cu alloy membrane and
Hydrogen Permeation Performance

High—performance, TFC MMMs based on UTSA-16 and
a comb copolymer matrix for CO, capture process
TisCoTx—MXene polydimethylsiloxane based mixed matrix
membrane fabrication of high performance Ho/ N, gas
separation

WEAF FBAF OEST1E o] 83t TRt Zupukg o]

‘e T

Ol

Effect of molecular weight on gas transport properties
and plasticization resistance of 6FDA-based polyimide
membranes

QAR BHAL, AF

(=R, PP, S8

(A AEE, A9

re

Ale)EleRl
R, ]rolA}, HiH,

(@I d=t, 3=, <Y
762 Asty, usH*
@FDAAT, B, s
@A, A
(E=helAel, A, Aok
3o, upg e

(@A ZRs], FEE, BES

(A= d)Ishag Ahmad, =3,

AoHl, $5d, F2H*

2
B

2

)

=

=

]

]

Fok

_Xi_



o=

PO-44

PO-45

PO-46

PO-47

PO-48

PO-49

PO-50

PO-51

PO-52

PO-53

PO-54

PO-55

PO-56

PO-57

High oxygen—permeable perfluorinated sulfonic acid
ionomer binder with enhanced for polymer electrolyte
membrane fuel cells

Importance of perfluorinated sulfonic acid ionomer
membrane material selection for polymer electrolyte
membrane fuel cells

Super-stable and Efficient Electrocatalyst in High
Current Density Alkaline Seawater Splitting Derived from
ZIF-based Phosphorous N—-doped Carbon

Comparison of polymer electrolyte membrane water
electrolysis performance of perfluorinated sulfonic acid
ionomer polymer electrolyte membrane according to
thickness

Perfluorinated sulfonic acid ionomer membranes with
improved gas barrier behavior for polymer electrolyte
membrane fuel cells

A3E g 4 f718H 2HE Lt
718heolate} Az U S5}

AXA FA] w2 HdZeA o34 Aot Alx ¢
=47t

Study on SEBS hybrid membrane with polystyrene
particle to improve ion exchange capacity

Electrolysis system of ammonia in anhydrous condition
with anion exchange membrane

F& HolZ wge] v A= HIA Az o 5497t

=

Ax A A2H A8 9 YRS WA gole

Delamination—-free blended membrane for saline water
electrolysis system with low energy consumption

The effect of short side chain perfluorinated sulfonic
acid ionomer—poly(tetrafluoroethylene) pore-filling
membrane properties on polymer electrolyte membrane
water electrolysis performance

Understanding of Energy-related lon Transport through
lon Exchange Membranes

(S=)olAl, FF3], d&E,

358, olgar

(F=esd, 3], 2L,
Hs-8, o

(A=A, sk, ofad,

By

(BEDAEE, AL,
ol

o
N
et

(H=thEa8, oA, b3,

U2, ol

(Bd=dAddd, d488, I3,

EREE
(BRI, I, ok,
EREE

(AA=EH)Gede Herry Arum
Wijaya, 489, B4, S8+
(E=thelgs, d=d, =3,

ol

CHgSRNES, I,
EREE

(AFYdelEE, S, Rk,
ERNE

(SRS, PRE, A7,
ol

(SRS, e, U,

o

(@I AZHRZEA, Hoang
Thai Bao Ngo, AEX, AaY*

- xil —



o=

PO-58

PO-59

PO-60

PO-61

PO-62

PO-63

PO-64

PO-65

PO-66

PO-67

PO-68

Fabrication of a pore-filled anion exchange membrane
with electrical treatment for a high performance
non-aqueous vanadium redox flow battery

Thiophene-derived metal organic framework on
nickel—-cobalt layered double hydroxide for high
capacitance hybrid membrane supercapacitor
AEI} £ Aefoldll-tholdtolndrllAl/Eeo
u3jute] 4 2 W1 B4 AT

PTFE reinforced polystyrene—divinylbenzene based cation
and anion—exchange composite membranes for
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Membranes towards 2050
~Fuel cells, Water electrolysis, Disease diagnosis, and
Water purification~

Takeo Yamaquchi*

Tokyo Institute of Technology, Institute of Innovative Research, Laboratory

for Chemistry and Life Science

Carbon Neutrality should be realized before 2050, and we should imagine
the world in 2050. For example, the OECD Environmental Outlook to 2050
predicts the world in 2050[1]. Although energy consumption will be 1.8 times
higher, we must reduce carbon emissions to net zero. Medical expenses be-
come more prominent, and the competition to secure water will arise due to
the increase in water demand. Not only energy and CO, emission issues but
also medical care and water shortages need to be considered at the same
time. Membrane technologies are one of the key technologies for solving
these problems. For polymer electrolyte fuel cells, high temperature and low
humidity operations are required, and electrolyte membrane development is
important. Pore-filling thin electrolyte membranes enable us to develop
high-performance polymer electrolyte fuel cells[2]. Water electrolysis using
anion exchange membranes can efficiently produce hydrogen without using
precious metals, and the development of highly durable anion exchange
membranes is key to achieving the technology[3]. Those new membranes and
design strategies based on the degradation mechanisms[4] will be explained.
For the aging society, we are developing membranes that can diagnose dis-
eases at home. If we can easily diagnose our illness at home within a short
period, the medical expenses will be reduced. Diagnosis membranes will be
explained[5]. Finally, we will introduce the anti-fouling membrane and design
strategy of membrane surfaces. Anti-fouling technology that suppresses the
clogging of the membrane surface and pores is important in aiming for a
maintenance-free water treatment plant. Introducing a technology that pre-
cisely controls the membrane surface by grafting of twitter ion polymers[6].
Membrane technologies are important technologies in various fields and con-



tribute to the world in 2050.
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Membranes for Carbon Capture and Utilization

Kew-Ho Lee*
Korea Research Institute of Chemical Technology
*E-mail:_khlee@krict.re.kr

Now the world agrees that the cause of climate change is human activities
of industrialization. At the UN Climate Conference, COP 21 meeting in Paris,
195 countries agreed to limit global warming to below 1.5°C, and to submit
voluntary mandatory reductions in greenhouse gas emissions. It is now essen-
tial to reduce anthropogenic emissions, such as CO, emissions from fossil
fuels, which contribute significantly to global warming.

In order to reduce greenhouse gas emissions, fossil fuels will ultimately be
replaced by new and renewable energy. However, it is impossible to com-
pletely replace them with new and renewable energy in the short term, and
other methods are needed to reduce CO, emissions.

Carbon capture and utilization (CCU) has recently received a lot of attention
to convert captured CO, as a renewable carbon feedstock, into valuable
products instead of permanently sequestering it. And the role of membrane
technology in this field is growing. The membrane technology for carbon cap-
ture and utilization has become competitive over conventional technologies
due to the improved separation performance in materials and process
designs.

The new climate regime will be both a risk and a new opportunity, and will
foster climate technology as a new growth engine for the industry. Carbon
capture and utilization is an emerging climate technology for producing fuels
and chemicals from greenhouse gases, and reducing carbon emissions.

In this memorial session for Dr. Hwang, carbon capture and utilization and
related membrane processes that are being developed will be presented.
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Microporous Polymers with Tailored Cavities for Small Gas
Molecule Separations

Jong Geun Seong', Won Hee Lee'?, Jongmyeong Lee', So Young Lee',
Yu Seong Do', Joon Yong Bae', Sun Ju Moon', Chi Hoon Park’, Hye Jin Jo',
Ju Sung Kim', Yi Ren? Conrad J. Roos?, Ryan P. Lively?, Kueir-Rarn Lee?,
Wei-Song Hung?®, Juin-Yih Lai®, Young Moo Lee**
'Department of Energy Engineering, College of Engineering, Hanyang
University
School of Chemical and Biomolecular Engineering, Georgia Institute of
Technology
3R&D Center for Membrane Technology, Department of Chemical
Engineering, Chung Yuan University
*Email: ymlee@hanyang.ac.kr

Size differences between penetrating molecules and membrane pores gov-
ern mass transports and size-sieving behaviors in  membrane-based
separations. Engineering the membrane pores at the molecular level is sig-
nificant for improving membrane productivity and efficiency, especially for the
applications requiring complex molecular separations, such as natural gas
processing or hydrogen recovery. Moreover, the regulation of mass transport
at interfaces endowing membranes with cascaded pore size distributions from
their surface can allow permeating molecules to be separated without re-
ducing throughput.

Herein, we report the decoration of microporous polymer membrane surfa-
ces via direct fluorination. This process has been applied for nonporous poly-
mer membranes but was first adopted for microporous materials, including
thermally rearranged (TR) polymers and polymers with intrinsic microporosity
(PIMs). We observed that the surface pore size in ready-made microporous
membranes was effectively regulated via C-H to C-F substitution toward the
interiors of the micropores. The fluorine acts as angstrom-scale apertures that



can be controlled the molecular transport, reducing the surface pore radii
from 3.36 A down to ~2.48 A at 200-800 nm surface depending on the direct
fluorination time.

As a result, the microporous polymers with cascaded cavities showed high
molecular separation efficiencies in many industrially interesting gas separation
applications above the corresponding upper bounds of He/CH4 H./CHg,
CO,/CH4, N»/CH4, and H,/CO,. Remarkably, we achieved tens of fold enhance-
ment in separation efficiency in small gases recoveries such as helium and hy-
drogen but maintained membrane productivities. We also realized this
pore-reorganizing concept on hollow fiber membrane modules. The modules
still present improvement in gas selectivity, where He/CH, selectivity of TR
and PIM hollow fiber modules increased from 24 and 1.5 to 800 and 61, re-
spectively, after direct fluorination.

Keywords: Gas separation: Microporous membranes: Direct fluorination
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Hollow fiber membrane contactors for carbon capture and
resource recovery

Tae-Hyun Bae*
'Department of Chemical and Biomolecular Engineering, KAIST

*E-mail- thbae@kaist ac.kr

Hollow fiber membrane contactor is a membrane-based device that physi-
cally separate two phases (such as gas/liquid) and facilitate the mass transfer
between those two phases by providing a large contact area. The main topic
of my talk is how biogas produced in the anaerobic digestion process can be
used as a renewable energy source. To recover biomethane from anaerobic
effluent and maximize energy recovery, a membrane contactor (MC) was used.
We developed hollow fiber membranes using various materials and method-
ology that performed better than commercial polypropylene membranes. The
energy balance was investigated to determine the most efficient conditions for
recovering CH,, and the long-term stability of the membranes was successfully
demonstrated with real anaerobic membrane bioreactor effluent. We also de-
veloped a wetting- and fouling-resistant hollow fiber membrane that sus-
tained 7 days of continuous operation with UASB effluent. The membrane was
found to be rich in proteins rather than humic and fulvic acids and microbial
byproducts. It was verified that the MC-based CH, recovery process is a viable
alternative for industrial practices when using custom-designed membranes
that provide a net energy benefit. Next, we investigated the potential utility of
MC system in direct CO, mineralization. We demonstrated that the hollow fi-
ber MC system was able to selectively produce CaCO; and MgCO; in a eco-
nomically feasible manner.
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Mass Transport Phenomena under Nanoconfinement

Hyung Gyu Park'?*

'Center for Low Dimensional Transport Physics, Department of Mechanical

Engineering, Pohang University of Science and Technology (POSTECH),

Pohang, Gyeongbuk 37673, Republic of Korea

*Division of Environmental Science and Engineering, Pohang University of
Science and Technology (POSTECH), Pohang, Gyeongbuk 37673, Republic of
Korea

Membrane technology promises to bring process intensification to various
industrial processes such as energy-efficient separation of chemicals and en-
ergy storage. Membrane-participating processes can enhance their efficacy if
selectivity, permeation and durability of the membrane materials are improved.
In this regard, characterization of mass transport phenomena in a dimension-
ally extreme environment, which low-dimensional materials, for example, could
possibly offer, calls for attention because it could help understand the se-
lective transport in the membrane interior, with which to innovate the pore
design.

This talk presents about selective transport phenomena across 0D, 1D and
2D confined space that atomically thin orifices, nanotubes, and 2D material la-
mellas provide, respectively. As the confinement dimension changes, mass
permeation reportedly varies from ultimate permeation (0D) to fast transport
(1D) to unimpeded diffusion (2D), whereas chemical selectivity relies on phys-
icochemical design of the confinement, or pores.

From the perspective that one may tailor actual chemical selectivity through
proper design and architectural modification of the pores, thus obtained
knowledge and confinement architectures could lay the cornerstone of ad-
vancing membrane properties towards process intensification.
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Fuel Cell Stack Design Trends for FCEVs

Ji-Young Park™*
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Development of Ceramic Membrane Contactor for CO;
Capture

Hong Joo Lee'*, Jang-Hoon Ha', Jongman Lee', Jung Hoon Park® and
In-Hyuck Song'
'Department of Engineering Ceramics, Korea Institute of Materials Science
KIMS
*Department of Chemical & Biochemical Engineering, Dongguk University

*E-mail:_hjlee@kims.re.kr

CO; is an important green-house gas that contributes to global warming
and climate change. To reduce atmospheric CO, concentration, development
of novel technologies for the capture of CO, from large stationary CO, emis-
sion sources is important [1]. The most common method for CO, capture in
use today is absorption with aqueous alkanolamines. However, conventional
absorption processes have some problems such as the high energy con-
sumption, foaming, channeling, entraining and flooding, etc [2]. Membrane
contactor can be a good alternative CO, capture process [3,4]. Gas-liquid hol-
low fiber membrane contactor process for gas separation has interesting ad-
vantages compared with conventional absorption process due to the higher
interfacial area, increased the capacity factor, and low energy consumption [5].
Over the last two decades, while remarkable progress has been made in the
development of membrane contactors for the separation of CO, from gas
mixtures, there are still many hurdles to cross before this technology can be
commercialized. To improve and optimize the performance of the membrane
contactor process to make it suitable for commercialization, it is important to
identify suitable membrane materials, study the membrane pore structure, op-
timize the operating conditions, and develop suitable absorbents [6]. Ceramic
membranes are more stable than polymeric membranes in CO, absorption
process using amine solution as absorbent [2-6].
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Rapid Synthesis of Mixed Ligand ZIF-8 Analogue
Membranes for Gas Separation

Hyuk Taek Kwon*

Department of Chemical Engineering, Pukyung National University

*E-mail:_htkwon@pknu.ac.kr

The mixed ligand approach is one of effective routes to systematically
fine-tune separation properties of metal organic frameworks (MOFs) by involv-
ing two or more ligands in a single framework.[1, 2] In this contribution, We
attempt to synthesize mixed ligand ZIF-8 analogue membranes by adding 2,
4-dimethylimidazole (dmim) into ZIF-8 (Zn?*/2-methylimidazole), aiming at ad-
justing molecular sieving properties of ZIF-8 membranes. We use the rapid
thermal deposition (RTD) technique to synthesize the mixed ligand ZIF-8
membrane, which enables rapid formation of well-intergrown MOF mem-
branes in a relatively short time (minute scale) compared to conventional
in-situ techniques (hour or day scale).[3] Gradual addition of a secondary li-
gand (dmlm) resulted in reduction in gas permeance presumably due to
framework densification and/or reduction in pore aperture, accompanied by
significant improvement in molecular siving efficiency of a ZIF-8 membrane.
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UV-crosslinkable Polyimides for Use in Various Gas
Separation Membrane Platforms

Jaesung Park*
Green Carbon Research Center, Korea Research Institute of Chemical

Technology (KRICT), Daejeon 34114, Republic of Korea
*E-mail: jpark@krictre.kr

Crosslinked polyimide membranes have been studied extensively for their
potential use in gas separation applications, such as natural gas sweetening
and biogas purifications. The crosslinking of polyimide membranes improves
their separation perfromance and mechanical/thermal stability, making them
suitable for harsh operating conditions. This presentation focuses on the fab-
rication and characterization of UV-crosslinkable polyimide hollow fiber mem-
branes for CO,/CH4 separation. The effect of various factors, such as polymer
molecular weight and membrane morphology, on the separation performance
is discussed. Additionally, this presentation also highlights the potential of
UV-crosslinakable polyimide materials for use in various gas separtion mem-
brane platforms, including carbon molecular sieves (CMSs) and mixed-matrix
membranes (MMMs).
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Mixed-Matrix Membranes Fabricated via In Situ MOF
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Mixed-Matric Membranes (MMMs), which are composed of a polymer ma-
trix filled with high-performance fillers as a dispersed phase, have been in-
tensively studied for gas separations for the past 30 years. It has been dem-
onstrated that MMMs exhibit superior gas separation performance compared
to polymer membranes and are more scalable than polycrystalline membranes.
However, despite their potential, commercialization of MMMs has yet to be
reported due to several challenging issues. One of the major challenges of



MMMs is the undesirable interface between the polymer phase and dispersed
phase, which can result in defect formation as the interfacial interaction is ei-
ther too strong or too weak. Although most MMM studies have focused on
those scientific perspectives, the engineering challenges of MMMs for facile
and effective large-scale fabrications have been relatively underestimated. In
this presentation, novel strategies for fabricating MMMs in a facile and scal-
able manner using in situ metal-organic framework (MOF) formation will be
introduced. These new MMM fabrication methodologies effectively address the
issues facing current MMM, likely leading to the potential for facilitating the
commercialization of MMMs.
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High-Performance Osmotic Power Generator
via Asymmetric Nanochannel Membranes

Ki Ryuk Bang', Choah Kwon? Sangtae Kim? Eun Seon Cho'*
"Department of Chemical and Biomolecular Engineering, Korea Advanced
Institute of Science and Technology (KAIST), Daejeon 34141, Republic of

Korea

’Department of Nuclear Engineering, Hanyang University, Seoul 04763,
Republic of Korea
*E-mail:_escho@kaist.ac.kr

_ [+ comemwae | Osmotic power is a sustainable and

-:gs - EGGMcmb:ane

g | sn 'NfM‘."f-__ clean energy source, produced from the

H o salinity gradient between seawater and

A ol .

2t “; | fresh water. The efficiency of energy
oL F

External Resistance 0hm)  g€Neration greatly relies on the per-

formance of ion exchange membranes
Asymmetric "
Nanochannel »

| " : which govern ion transport behaviors.
mﬂ‘“’* el o Nanofluidic channels in lamellar struc-
GO membrane | 5V . H

1(Ohmic Behavior) | ! ‘EGomembrane | tures have proven to overcome the limit

----------- + of conventional membranes such as
high resistance and low mass transport, while the performance is still unsat-
isfactory and the complicated fabrication process remains challenging. We
present epoxy-confined graphene oxide membranes with asymmetric nano-
channels for high-performance osmotic power generation. The asymmetric
structure in terms of channel geometry and electrostatic surface properties re-
sults in the rectified ion transport behavior, enabling a superior osmotic pow-
er performance of 5.32 W/m?.
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Improvement of organic solvent dehydration performance
of acid-stable CHA zeolite membrane

Min-Zy Kim, Ammar Junaid Muhammad and Churl Hee Cho*
Reaction & Separation Nanomaterials Laboratory, Graduate School of Energy
Science and Technology, Chungnam National University, Republic of Korea.

*E-mail: choch@cnu.ac.kr

The acid-stable CHA-type zeolite membranes were prepared via secondary
growth of the CHA zeolite particles, which were coated onto the exterior sur-
face of the a-alumina capillary support. The CHA zeolite particles were syn-
thesized through a one-step template-free hydrothermal process, utilizing a
hydrothermal solution with a precisely controlled molar ratio of
3K;0:0.1Sr(NO3),:Al,05:4.55i10,:160H,0. The growth mechanism of CHA zeolite
particles was extensively investigated to assess their structure properties in-
cluding crystallinity, morphology and adsorption capacity, etc. The CHA zeolite
particles, which exhibited excellent crystallinity, were ground to the nanoscale
by the ball-milling method and then deposited onto the support surface via
vacuum-assisted filtration to act as seed crystals. The seed crystals were sec-
ondary growth to form CHA zeolite layer, while simultaneously adjusting the
Si/Al ratio of the hydrothermal solution to enhance the acid-stable of the
CHA zeolite membrane. The low-silica CHA(Chabazite) zeolite membranes were
synthesized with gel solution of 14-24SiO,: Al;03:2K;0:1-2SrO:8KNO3:780H,0
at 100-160 °C for 24 h. The high-silica CHA(SSZ-13) zeolite membranes were
synthesized using the initial gel solution with molar composition of
48Si0:Al,03:2K,0:SrO:8KNO3s:3SDA(TMAda*): 4500H,0 at 160 °C for 18-36 h.
The CHA zeolite membranes with varying Si/Al ratios, were compared for their
organic solvent dehydration performance and acid stability.

Keywords: CHA zeolite membrane, Pervaporation, Dehydration, Organic sol-
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Marangoni instability-driven interfacial polymerization for
the fabrication of ultrathin polyamide membranes

Jung-Hyun Lee*
Korea University

*E-mail: leejhyyy@korea.ac.kr

Interfacial polymerization (IP) is a standard technique to fabricate polyamide
(PA) thin film composite (TFC) membranes for various applications, including
gas separation, organic solvent nanofiltration, desalination, and water
treatment. Despite the technical maturity and importance of the IP technique,
its mechanism, in particular in the presence of surfactants, remain obscure
due to its complex and nanoscopic nature. Specifically, the difficulty in eluci-
dating the IP mechanism stems from the ill-defined interference of the under-
lying support layer, combined with the lack of experimental setups for captur-
ing a snapshot of the rapid IP reaction.

In this study, we identify the interface instability-driven mechanism for the
IP process in the presence of surfactants with different charges. We exploited
a support-free IP technique, which enables the synthesis of a PA layer at the
free interface to exclude the complex interference of the support during the
IP process. Combined with computational simulations, an in-situ visualization
elucidated the significant role of interface instability in the interfacial for-
mation of the PA layer. These findings provide valuable knowledge for ration-
ally tailoring the structure and performance of nanofilm membranes fabricated
by the surfactant-regulated IP process.
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Gas transport simulation of layered membrane model
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Machine Learning for Nanoporous Materials Design

Yongjin Lee'*
Department of Chemical Engineering, Inha University

*E-mail: yongjin.lee@inha.ac.kr

Nanoporous materials are of great interest in applications ranging from gas
separation and storage, to catalysis. The chemistry of these materials allows us
to obtain an essentially unlimited number of new materials by combining dif-
ferent molecular building blocks, which exceeds the growth of synthesized
nanoporous materials published in the recent experimental works. This sheer
abundance of structures requires novel computational techniques to shed light
on the existing or even unexplored libraries, as well as to facilitate the search
for materials with optimal properties. In this talk, | will discuss our recent ef-
forts into the discovery and design of novel nanoporous materials using com-
putational modeling combined with machine learning techniques.
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Performance comparison of low static pressure HEPA filters
applied to composite media

Sung Yeon Kim* Jong Min Cho
Cambridgefilter Korea, Ltd.
*E-mail:_sykim@cambridgefilter.co.kr

A composite media filter that combines glass fiber and meltblown media
has high removal efficiency of ultra-fine contaminants and can be operated
with a low differential pressure, thereby significantly reducing power costs.

In conventional filters, contaminants smaller than the pore size pass through
the filter layer.

However, the composite media applied filter removes particles larger than
the pores through the glass media layer and removes particles larger than the
pores as well as particles smaller than the pores due to charge through the
meltblown media layer.

Composite media shows about 70% lower pressure value than glass fiber
media, but in the case of filters applied to composite media, it shows about
30% lower pressure than glass fiber filters.

The composite media showed H13 grade performance of 99.95% MPPS, and
the composite media applied filter also showed H13 grade performance.

In the case of life span, it is being demonstrated by applying it to HVAC in
actual operation.

References
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Development of High Performance Polymer Electrolyte
Membrane through Solvent Annealing Vapor Method

Jinhyuk Lim*, Young-Mo Goo, Woo Ju Cha, Seo Hee Lim, Min Jeong Jo,
Seung Hyun Lee
Korea Automotive Technology Institute (KATECH)
*E-mail: jhlim@katech.re.kr

In order to utilize the fuel cell for transportation, it is necessary to upgrade
the main materials of MEA. Especially, development of Polymer Electrolyte
Membrane (PEM) is considered to be the most important part for fuel cell. A
fluorine-based polymer is used as a basic material for the PEM, and it is
known that the sulfonic acid group of the side chain acts as a medium for
ion conduction. Since the ion conduction channel formed by these determines
the performance of the PEM, various studies have been conducted to opti-
mize these channel structure.[1] In this study, we attempt to reconstruct the
ion conduction channel of PEM using the Solvent Vapor Annealing method,
and 35% improvement in conductivity was observed through 4-probe
evaluation. In addition, structure of the PEM was analyzed to identify the rea-
son for the improvement.

References
[1] Oh, K. H.% Bae, I1.*¥, ACS Appl. Mater, 2019, 3857-3863.
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Anhydrous liquefied ammonia electrochemical extractor for
hydrogen generation employing perfluorinated anion
exchange membranes

Jun Hyun Lim', Hyeokjoo Lee', Jae Han Yoon', Jin Pyo Hwang',
Jaehong Chun', Sang-Hee Kwak? and Chang Hyun Lee'*
'Energy Engineering Department, Dankook University, Cheonan 31116
*Scitech Korea Inc., Seoul 01138

Ammonia has been well known as a hydrogen carrier capable of long-term,
and large-capacity storage. Ammonia can be converted into hydrogen and ni-
trogen via thermal or electrochemical extraction. The thermochemical ex-
traction is conducted at the temperature higher than 500 °C under an ex-
istence of catalysts. In spite of its suitability for large-capacity hydrogen pro-
duction, it exhibits energy efficiency of less than 40% and needs to selectively
separate hydrogen from the product gas mixtures. In this presentation, the
world’s first electrochemical module system will be introduced on the basis of
the electrolysis of anhydrous ammonia with the high concentration of 99.9%.
The electrochemical system can produce high-purity hydrogen with a high en-
ergy efficiency of 90% without any separation processes.
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Preparation and characterization study of biomass-derived
isosorbide-based poly(aryl ether)s

Jeyoung Park*
Department of Chemical and Biomolecular Engineering, Sogang University,

Seoul 04107, Republic of Korea
*E-mail: Jeypark@sogang.ac.kr

The development of sustainable super engineering plastics (SEPs) has be-
come essential due to environmental and health concerns. Bio-derived cyclic
monomers like isosorbide are being used as an alternative to petrochemicals,
but previously reported bio-based thermoplastics or thermosets have not
matched the thermal/mechanical properties, scalability, or recycling capabilities
of petrochemical SEPs. However, in a recent study, a phase transfer catalyst
was used to synthesize an isosorbide-based polymer with a molecular weight
over 100 kg/mol, which was transparent and solvent/melt-processible for re-
cycling, with high glass transition temperature, tensile strength, and thermal
dimensional stability. These studies demonstrate the potential of iso-
sorbide-based polymers as a sustainable alternative to petrochemical SEPs,
with improved properties and the potential for membrane applications.

References
[1] Park, S.-A,; Jeon, H.; Kim, H.; Shin, S.-H,; Choy, S.; Hwang, D. S,; Koo, J. M,;
Jegal, J; Hwang, S. Y.%; Park, J.*; Oh, D. X*, Nat Commun., 2019, 70 2601.
[2] Park, S.-A,; Im, C; Oh, D. X; Hwang, S. Y.; Jegal, J; Kim, J. H.; Chang, Y.-W.
* Jeon, H. *; Park, J.*, Molecules, 2019, 24, 2492.
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Membrane applications in biorefining of lignocellulosic
biomass

Suwan Myung*
Research Center for Bio-based Chemistry, Korea Research Institute of

Chemical Technology (KRICT), Ulsan 44429, Republic of Korea
*E-mail:_ swmyung@krict.re.kr

The production of biosugar from lignocellulosic biomass, a second-gen-
eration biomass, involves several steps, including biomass particle pulveriza-
tion, pretreatment, saccharification, purification, and concentration. In partic-
ular, the biorefinery process requires a large amount of water, and the water
used can be efficiently recovered and reused through a process using a
membrane. Additionally, membranes can recover by-products and saccha-
rification enzymes, and concentrate biosugar. This presentation will introduce
a pilot process for biosugar production from lignocellulosic biomass, as well
as an enzyme-membrane integrated purification method for producing a
high-value food additive using by-products from the biorefinery process.
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Research on high-functional biodegradable mask filters

Jeyoung Park', Dongyeop X Oh? Sung Yeon Hwang**

'Department of Chemical and Biomolecular Engineering, Sogang University,
Seoul 04107, Republic of Korea
Research Center for Bio-Based Chemistry, Korea Research Institute of
Chemical Technology (KRICT), Ulsan 44425, Republic of Korea
3CenterDepartment of Plant & Environmental New Resources and Graduate

School of Biotechnology, Kyung Hee University, Gyeonggi-Do 17104,
Republic of Korea
*E-mail:_crew75@khu.ac.kr

It is expected that the introduction of a plastic tax and strengthening of
regulatory policies for a sustainable society will become a national imperative
in accordance with the UN Treaty on Plastic Pollution in March 2022. The 3R
policy (Reduce, Reuse, Recycle) for reducing plastic waste is a necessary policy
for resource circulation, but it has its limitations. Especially protective plastics
for infectious disease times are virtually impossible to recycle. Linear economic
theories such as single-use bans do not allow for fundamental reductions in
plastic use.

In this presentation, | will point out the practical problems of plastic use
and introduce a biodegradable, moisture-resistant, highly breathable, and
high-performance fibrous mask filter.

References
[1] Choi, S. J.# Jeon, H. Y., Jang, M,; Kim, H. R; Shin, G. Y, Koo, J. M,; Lee, M.
K. Sung, H. K; Eom, Y. H.; Yang, H. S.; Jegal, J. G; Park, J. Y. *; Oh, D.Y. %
Hwang, S. Y.*, Adv. Sci.. Sci, 2021, 8(6), 2003155.
[2] Kim, H.. R¥ Jeon, H. Y., Lee, M. K;; Park, S. A.; Park S. B.; Kim K. Y.; Kim, S.
D; Oh, D. Y. * Koo, J. M. *; Hwang, S. Y. *; Park, J. Y.*, /. ACS Appl. Polym.
Mater., 2023, 5, 1, 635-643.
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Fabrication of Polymeric Membranes based on
biodegradable materials

Jeong F. Kim*
Department of Energy and Chemical Engineering, Incheon National

University, Republic of Korea
*E-mail: JeongKim@inu.ac.kr

Membrane technology has become an indispensable part of our daily lives.
The rapid growth of membrane technology has been breeding an unavoidable
yet critical challenge — the unsustainable disposal of used membranes.
Commercial polymer membranes are fabricated from fossil-based monomers
and polymers that are not biodegradable. Hence, there is an urgent need to
develop membranes that are sustainable from cradle to grave, /e both
bio-derived and biodegradable. Cellulose is one of the most abundant bio-
polymers that are biodegradable upon disposal. However, it is only soluble in
a handful of solvents, limiting its fabrication into membranes at an industrial
scale. To circumvent this bottleneck, in this work, we propose a sustainable
and scalable method to fabricate cellulose membranes from cellulose acetate
with sacrificial acetate group. The proposed method allows cellulose mem-
brane fabrication utilizing green solvents, and the fabrication procedure is sus-
tainable with minimal solvent consumption. One of the most appealing appli-
cations of cellulose membranes is organic solvent nanofiltration (OSN). It is an
emerging technology to separate solutes in nano-precision in harsh organic
solvents, requiring solvent-stable materials. Surprisingly, the cellulose mem-
branes exhibited unique transport behaviors, with solute rejection ranging
from 100% to —-100% depending on the solvent medium. Such trends were
not previously observed in the OSN literature, and the underlying mechanism
was thoroughly investigated. Importantly, the membranes were completely bi-
odegradable in a carbon-neutral manner upon disposal. The life cycle of cellu-
lose membranes was compared with that of conventional OSN membranes in
a qualitative and comparative study. The proposed methodology can be ap-
plied to substitute fossil-based polymers in all aspects of membrane technol-
ogy, and it has the potential to become a sustainable fabrication platform for
membrane materials.
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Advanced Materials for Securing Water: bioinspired
membranes, and atmospheric water harvesting

Woochul Song*
Division of Environmental Science and Engineering, Pohang University of

Science and Engineering (POSTECH), Pohang, 37673, Republic of Korea
* E-mail: woochulsong@postech.ac.kr

Natural resources are limited, and the failure to capture, store, and re-sup-
ply these resources can cause economic and humanitarian crises across the
world. One representative example is water. As global population grows rap-
idly, over one-third of population lives in water-stressed countries, and it is
important to develop sustainable technologies for water. In this talk, recent
research progresses on securing safe water will be presented. First, bioinspired
membranes will be introduced as a new membrane platform to enable effi-
cient water separations and purification, by translating the biological mem-
branes' structure-to-function relations in synthetic systems.'! Secondly, a new
recent application of using metal-organic frameworks (MOFs) for atmospheric
water harvesting (AWH) will be introduced as a next-generation water supply
technology. AWH device was newly designed and constructed that successfully
harvested drinking water in one of the driest regions of the world, opening a
new avenue of producing clean water to help resolve global water challenges.

References
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Nanotechnol. 2020 15, 73-79.
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Thin composite membrane for gas separation with alcohol
soluble polymer

Cheol Hun Park*
'Center for Bio-based Chemistry, Korea Research Institute of Chemical
Technology (KRICT)
*E-mail:_iceelth@krict re.kr

Here several strategies for synthesis of alcohol-philic polymer were inves-
tigated to achieve mechanically stable, high scalable, thin membrane for gas
separation. The original structure of porous substrate was successfully main-
tinaed with usage of polar solvent firendly polymer giving high permeance of
composite membrane. Besides, it could be fabricated with thin layer onto po-
rous substrate without excess penetration into porous space. Such properties
could construct eco-friendly manufacture without usage of organic solvent
having negative affect to nature and needing further specific purification proc-
ess to be wasted. The obtained copolymers were used for gas separation and
exhibited outstanding selective performance, especially for carbon dioxide and
paraffin/olefin separation.

References
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Chem., 2019, 131 (4), 1155-1159.
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Copolymer-based Gas Separation Membranes through
Judicious Chemical Modification

Iqubal Hossain, Asmaul Husna, Ho Bum Park*
Department of Energy Engineering, Hanyang University, Republic of Korea
*Email: badtzhb@hanyang.ac.kr

Polymer membranes with high separation performance are greatly demand-
ing for membrane- based gas separations and water purification applications
because most of the currently available polymers, do not meet the require-
ments of high-efficient separation for industrial applications. Therefore, under-
standing and revealing the structure-property relationship of membrane mate-
rials is very crucial. We report herein, crosslinked copolymer-based membranes
having different types of hard-soft combined segments ranging from aromatic
to aliphatic chains, PEG-PPG to PDMS-units as targeted gas philic/ phobic and
permeable groups, respectively, by in-situ ROMP polymerization and mem-
brane preparation as novel gas/water separation membranes. A series of
crosslinked copolymers were prepared by tuning the ratio between different
units as a linker of the polymer chain. The structure-property relationship of
the membrane including gas/water vapor separation performance will be ex-
plored in detail.

Keywords: gas separation, ROMP polymerization, rubbery polymer membrane,
crosslinked network.
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Novel Desalination Battery with lon Exchange Resin
Enabling Reversible Chloride Adsorption

Seongwoo Jeong, Namhyeok Kim, and Youngsik Kim*
School of Energy & Chemical Engineering,
Ulsan National Institute of Science and Technology (UNIST)

*E-mail: Ykim@unistac.kr

Water stress is so severe that nearly two-thirds of world’s population suffers

from water shortages[1-3]. It is largely attributed to global warming, which
causes climate change such as drought and desertification. Water purification
technology is sufficiently developed and widespread worldwide, but its con-
tribution is limited if it is not related to energy generation. This is because

water and energy are highly interdependent[4-6]. For example, ~3% of energy
produced in the United States is used for wastewater treatment, while 40% of
freshwater is used to cool thermal power plants to generate elecricity[6,7].

Reverse osmosis as a typical seawater desalination process consumes 3-4 kWh

m>, but fossil fuel used to operate it inevitably emits 1.4-1.8 kg m™ of CO,,

leading to gradual global warming and water scarcity[5]. In this regard, the in-
troduction of renewable energy into the seawater desalination process is es-

sential for fundamental. An energy storage device using a battery is also re-

quired to efficiently utilize renewable energy that fluctuates according to cli-
mate or time[8,9]. Therefore, the water-energy nexus technology that enables
simultaneous seawater desalination and energy storage using renewable en-
ergy is emerging as a fundamental solution to the freshwater shortage[10-13].
resin enbables reversible CI°

Seawatery battery with anion exchange

adsorption.
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Study on Catalyst Slurry Behavior for Polymer Electrolyte
Fuel Cell (PEMFC) by Molecular Dynamics Simulation
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'Department of Energy Engineering, Future Convergence Technology

Research Institute, Gyeongsang National University (GNU), Jinju, 52725,

Republic of Korea

“Fuel Cell Laboratory, Korea Institute of Energy Research

T4 ARMX| XS0 e A= otA AR E AFEStE 7|2 ASAHE
CHAISEZ| s M=Kz M1 QCh HEMX| =4 HFHX| XtSKte| o
A EEZOlI o M= HetA|(Membrane Electrode Assembly, MEA)O| A& =29
o5t o X7t M7|=tet BHE S Solf H7| o|HX|Z2 $SHEICE [H2tA MEAS|
s2 9EMXe 42 AdY = U= 52T 2A0|Ch MEA HZE 1P|,
ZOEQ| HOiet o|HE FHE HUESS MY I AL8E= 019 =42
0| =8{2| WolM O|2 nEXtet H0i-0|2 DEZA A Fxo| HE{o| ZEH
ol ggk2 O|2ICh 2 At 2Xasge MADZALE 08510 80 X0 mE
Ol2 LEXte| 242 Z=ALSHO] 0 £2{2| FEfe| M HHLES Ofshst LAt
ottt 2 AFOoIM HMES Hof &2{2] 20N 0|2rM= Solvay aquivion®,
80l n-ZETZ(NPA)LL 22 ALESIRICN. 8019 =0 w2t Ol =2
M S HESIRon AFHeE, ARTX|S ZR% AXQ MEAL| 52 &
AZ17] /o = Ho| Hof &2i2| =dES Hetstax}p ShACE

e

Keywords : =K ARMX|, MEA, BAtE st HARA}



& Mo 22 MO-5
Comparative study of two metal-organic frameworks for
thin-film mixed matrix membranes

Miso Kang, and Jong Hak Kim*
Department of Chemical and Biomolecular Engineering, Yonsei University
*E-mail: jonghak@yonsei.a.ckr

Two types of metal-organic frameworks (MOFs), MIL-140C and UiO-67, were
used to prepare submicron-thick mixed-matrix membranes (MMMs). Poly(gly-
cidyl methacrylate-co-poly(oxyethylene methacrylate) (PGO) was used to even-

ly disperse both fillers. While both fillers are comprised of the same building
blocks, they have different structures, pore sizes, and particle morphologies.

Pores of MIL-140C are 1D channels having a rod-like shape, whereas UiO-67

pores are 3D cages, having polyhedral shapes. Due to mild polymer infiltra-
tion and MIL-140C's high aspect ratio, MMMs fabricated with MIL-140C

showed better CO,/N, and CO,/CH, selectivities than those made with UiO-67.
With 20% of MIL-140C incorporated, outstanding separation performance was

References

achieved (CO,/N, selectivity of 38 and CO, permeance of 1768 GPU).
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A study on upcycling by hydrophobic surface modification
of end of life PVYDF membrane
: Application for membrane distillation system
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Proton blocking anion-exchange membranes modified with
various amines for efficient electro-membrane processes

Ji-Hyeon Lee, Moon-Sung Kang*
Department of Green Chemical Engineering, Sangmyung University, Korea
*E-mail- solar@smu.ac.kr

lon-exchange membranes (IEMs) are widely used in various water treatment

processes and electrochemical energy conversion processes. Depending on the

application process, the IEMs should not only separate cations or anions but
also control the permeability of specific ions. For example, undesirable proton

leakage through anion-exchange membranes (AEMs) severely reduces product
purity and process efficiency. For this reason, the development of an AEM

having excellent proton-blocking property is quite necessary. Therefore, in this
study, novel composite AEMs with low proton permeability were developed
through the fabrication of a thin reinforced base membrane and successive
surface modification. The proton-blocking properties of the composite AEMs
were imparted by controlling hydrophobicity and crosslinking degree as well
as introducing weak base amine groups. In particular, various compositions of
amines were tested to optimize the membrane properties. The prepared sur-

face-modified AEMs showed excellent electrochemical properties and pro-
ton-blocking properties compared to commercial membranes (i.e. ACM), and

their high performance was verified by applying them to an electrodialysis for

LiOH recovery. This work was supported by the National Research Foundation
of Korea (NRF) grants funded by the MEST (NRF-2022M3C1A3081178 and

NRF-2022M3H4A4097521).
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Ethanol Selective Silicalite-1 Coated PDMS Hollow Fiber
Membrane for Pervaporation

and Churl Hee Cho*
Reaction & Separation Nanomaterials Laboratory, Graduate School of Energy

Muhammad Junaid Ammar, Htet Aing Naing, Azimjon Rasulov, Kim Minzy,
Science and Technology, Chungnam National University, Daejeon 34134,

Republic of Korea

*E-mail- choch@cnu.ac.kr

In the past, there have been many studies concerning PDMS membranes

due to the CO, and solvent selectivity. The pervaporation process has been
restricted in terms of the limited separation performance. In this study, a new

method was developed in order to improve the solvent selectivity. Initially, sil-

icalite-1 zeolite nano-particles was hydrothermally synthesized at 100 °C for

48 h. The silicalite-1 nano-particles were coated on to the surface of PDMS
hollow fiber membrane module. The optimized coating condition were 2 wt.

% PDMS & 2 wt. % silicalite-1 nanoparticles. Pervaporation performance was
investigated for 50-50 wt. % (EtOH/H,0) at 50 °C for 2 h. The coated hollow
fiber membrane increased the ethanol separation factor by 40 to 45 % com-

pared to the pristine PDMS/PSF membrane. This increase in performance was
attributed to the presence of silicalite-1 nanoparticles on the surface.
Silicalite-1 has more affinity towards solvent rather than PDMS. So, it is ex-

pected that the solvent concentration will be larger than that of pristine
be

PDMS membrane. Therefore, the solvent concentration gradient will
steeper. Overall, the selectivity increases but flux sustains due to use of PDMS
binder. This kind of approach i.e. adsorbent coating will be very effective to

improve membrane performance.
Silcalite-1 nano-particles, PDMS, hollow fiber membrane.
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MOF-based 3D Membrane for in-situ Alveolar ROS
Monitoring System

and Jung Tae Park'*

So Yeon Lee', Seonghyeon Eom? Hyun Ji An', Hayeon Jeong', Inhee Choi*’,
'Department of Chemical Engineering Konkuk University, Seoul 05029, South

Korea
’Department of Life Science, University of Seoul, Seoul 02504, Korea

*E-mail: jtpark25@konkuk.ac.kr

Oxidative stress caused by alveolar stimuli is a crucial factor in the patho-
genesis of lung diseases. Although many studies have studied the in vitro re-
sponse of alveoli to irritants, conventional monitoring systems have typically

involved cell lysis and measurement. In this study, we developed an in-situ
monitoring system using a metal-organic framework (MOF)-based alveolar-like

membrane to detect reactive oxygen species (ROS) in the human type Il
pneumococcal microenvironment. The optical and electrochemical properties

of membrane enable the real-time monitoring of oxidative stress levels in cells
exposed to toxic substances, such as microplastics. Our monitoring membrane

is expected to serve as a promising platform to identify the pathogenesis of
lung diseases with its ability to sensitively detect signals from cells in re-

al-time.
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Mitigation of biofouling in membrane bioreactor for
industrial wastewater treatment through quorum
quenching: a pilot study

Hyeok Kim', Chungseob Lee?, Myung Hee Kim? Jinsup Kim? Go-Eun Choi',
Seonki Lee®, and Hyun-Suk Oh'#*
Department of Environmental Engineering, Seoul National University of

Science and Technology, 232, Gongneung-ro, Nowon-gu, Seoul, 01811,

Republic of Korea
®Facility Team, Samsung Display Co. Ltd, Asan, 31454, Republic of Korea
*Department of Environmental Engineering, Korea Maritime and Ocean

University, Busan 49112, Republic of Korea
“Institute of Environmental Technology, Seoul National University of Science
and Technology, Seoul, 01811, Republic of Korea
*E-mail: hyunsukoh@seoultech.ac.kr

Membrane bioreactors (MBRs) are becoming more used for industrial waste-
water treatment due to their high treatment efficiency, but the presence of
toxic substances can accelerate biofouling. Tetramethylammonium hydroxide
used in the display manufacturing process can be toxic and harmful. Quorum
quenching (QQ) is being explored as a solution to prevent biofouling in
MBRs, but it has not been studied much in industrial wastewater treatment. In
this study, Bacillus sp. SDC-U1 was immobilized on polyvinyl alcohol/alginate
beads to mitigate biofouling in a pilot-scale MBR. The MBR with QQ beads
decreased the concentration of quorum sensing signals and increased the
cleaning cycle by 243% compared to the control group. Through this study, it
is expected to increase the possibility of applying QQ technology in MBRs for
industrial wastewater treatment.
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Tuning cross-linked network of Polytetrafluoroethylene
(PTFE) Reinforced Hydrogel Membrane for Enhanced
Mechanical Strength

Chaewon Youn, Hayoung Jeon and Ho Bum Park*
Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

A series of hydrogel network was synthesized using poly(ethylene glycol) di-
acrylate (PEGDA) via free radical photopolymerization by adjusting solvent
concentration in prepolymerization solution. Cross-linked PEGDA channels
were formed within polytetrafluoroethylene (PTFE) membrane, forming PTFE
reinforced hydrogel membrane. Various solvent concentration in prepolymeri-
zation solution were used to manipulate PEGDA channels within porous PTFE
membrane for investigating ultra or microfiltration. By using PTFE membrane
as a supporting layer for cross-linked PEGDA hydrogel formation, mechanical
property can be easily tuned. Membrane surface morphology, water uptake,
water and salt permeability and fouling experiments were used to characterize
membrane properties. The resulted membranes exhibited excellent mechanical
strength and antifouling property.
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Polyamide Membrane with Tréger's Base Intrinsic Structure
Nanofiltration through Interfacial Polymerization

Jun Hyeok Kang, and Ho Bum Park*

Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

Membrane-based separation processes have gained increasing attention due
to their potential to reduce energy consumption, operational costs, and im-
prove environmental sustainability. However, to use a wider application of
membrane technology in the desalination field, highly permeable membranes
are required to increase the efficiency of the process. To obtain high perme-
ability and selectivity membranes, microporous polymers with the intrinsic
structure are attracted to attention owing to high porosity. In this study, mi-
croporous polyamide through interfacial polymerizing Tréger's base diamine
with trimesoyl chloride were successfully polymerized to improve the perme-
ability of polyamide for desalination. Our results showed that high pure water
permeance and high Na,SO, salt rejection.
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Applicability of environmentally friendly solvents for
sustainable membrane production

Tunmise Ayode Otitoju, Chang-Hun Kim, Tae-kyung Kim, Mihee Ryu,

Jaesung Park, Ahrumi Park, and Young Hoon Cho*
Chemical & Process Technology Research, Green Carbon Research Center,

Korea Research Institute of Chemical Technology, 34114 Daejeon, Korea
*E-mail: yhcho@krict.re.kr

Traditional toxic aprotic solvents such as DMF, DMAC, dichloromethane,
1,4-dioxane, NMP, and THF are excellent for membrane preparation. Due to
their toxicity or volatile nature, it is necessary to replace them with a safer
and more sustainable alternative for environmental and health reasons. In this
work, a series of environmentally friendly alternative solvents were selected to
find their potential use in membrane production. Polymer solubility experi-
ments were performed to screen their applicability in the phase inversion
process to create a porous membrane with appropriate structures and
selectivity. Hansen solubility parameters were used to rationalize the solubility
results. Membrane morphology and pore structure were characterized using
scanning electron microscopy (SEM), while the performance of the membrane
was determined with wastewater solutions to screen the potential of these en-
vironmentally friendly polymer/green solvent systems.

List of selected solvents

 Rhodiasolv® Polarclean « Tributyl o-acetylcitrate

» TamiSolve™ NxG » Methyl lactate

» Cyrene  Ethyl lactate

 Propylene Carbonate (PC) » Dimethyl sulfoxide (DMSO)

» y — Butyrolactone (GBL) « 1-Ethyl-3-methylimidazolium acetate
» y — valerolactone (GVL) * Eco-MeTHF or 2-MeTHF

« Triethyl phosphate (TEP) » Dimethy! Isosorbide (DMI)

* Tributyl citrate » Dimethyl carbonate (DC)
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Characterization on A Commercialized Heterogeneous
Bipolar Membrane for Water Purification

Jinmu You', Moon-Sung Kang? Ji-Min Lee?, Sanghyeon Kang'*
'Seokyeong University, Nano-chemical Biological and Environmental

Engineering
2Sangmyung University, Department of Green Chemical Engineering

*shkang@skuniv.ac.kr

This study was carried out to apply a commercialized heterogeneous bipolar
membrane (LINX, ERIX solutions) to water purification devices. A cycling test
(purification and regeneration) on LINX membrane was carried out to compare
the performance BP-1EX membrane (ASTOM). It showed that LINX membrane
was more durable than BP-1EX which was not designed for purification.

The performance of LINX membrane under various conditions was measured
with a designed mini flow cell. A voltage of 130V was applied for re-
generation because it was the highest value where LINX membrane was not
damaged, and a voltage of 150V was applied for purification. The TDS reduc-
tion and accumulated volume of purification were measured at 100, 200, 300
and 750 mg/L. The TDS reduction decreased with the increase in TDS at a
certain purification time and the accumulated volume also decreased with in-
crease in TDS. The TDS reduction decreased with increase in flow rate, but the
amount of purified TDS at a certain reduction was constant at all flow rates.
The recovery showed a higher value at a lower TDS concentration because
the accumulated volume for purification at a certain reduction was relatively
larger than a fixed volume for regeneration in this study.

References
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Resins

Jaeyong Huh, Sanghyeon Kang*
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*E-mail: shkang@skuniv.ac.kr

The ion exchange resins were pulverized to improve their performance and

the difference in ion exchange rate and breakthrough point before and after
pulverization was evaluated. A commercialized mixed ion exchange resin was
used for this study. The ion exchange resin was pulverized by a blade type
grinder for 0.5, 1, 1.5, 2, 2.5 and 3 minutes, and the pulverized resins were
classified by sieves with 20 x 50, 50 x 100, 100 x 250, 250 x 500 ym. Among
them, ion exchange resins smaller than 100 ym were judged to be unsuitable
for use because they were not flowable, so the ion exchange resins larger
than 100 um were evaluated. It was found that ion exchange resins with a
size of 100 x 250 uym had a yield of 87.1% for 2 minutes grinding time, and
ion exchange resins with size of 100 um or more had a yield of 93.2% for 0.5
minutes grinding time.
The ion exchange rate and breakthrough point were measured before
and after pulverization of the ion exchange resin through a batch test.
The tests were carried out with a packed column with 25 mm
diameter and 200 mm height. It showed that the ion exchange rate
increased and the column pressure drop also increased with the
decrease in size. However, the breakthrough points were not different
with size. Therefore, it was thought that the pulverized ion exchange
resins could be effective for a small size module at a high flow rate
and an acceptable pressure drop.
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Polytetrafluoroethylene-based Membrane Adsorber Using
Iterative Growth of Sulfonated UiO-66 Nanoparticles for
Dye Removal in Wastewater

Yu Jin Kim, Seung Yeon Yoo, Yeong Jae Kim and Ho Bum Park*
Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

Metal-organic frameworks (MOFs) have gained interest as a candidate for
water purification, with their microporosity and tunable functionality. Here, the
MOF membrane adsorbers with sulfonated UiO-66 (UiO-66-SO3H) supported
by polytetrafluoroethylene (PTFE) are described. The in-situ growth of
UiO-66-SO3H was repeated 1-3 times with polyethyleneimine (PEIl) coating to
increase its loading inside the PTFE matrix. The pH-controlled adsorption of
cationic and anionic dyes was conducted for performance test. Structural anal-
ysis revealed that the MOF loading increased gradually by repeated synthesis,
leading to enhanced dye removal efficiency than conventional MOF-polymer
mixed-matrix membranes (MMMs). The membrane showed higher adsorption
performances toward cationic dyes due to electrostatic interaction supported
by various diffusion models.
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= 2ol g £ AQULCE m2tM, 22|92 0[8% &2 3¥2 H+ HEd A
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Polyvinylidene fluoride (PVDF) MZZ g CHiE HC|OIE a2tz A
8ot gd DY O|/HE Ne[dte d71d a4 22U WE2H-S7|(Anaerobic
fluidized bed membrane bioreactor, AFMBR)O|A] HRTQ| B30 2 | 7|=X|
A 2l 028 a2 SESIYUCLRT 7|2 T 8712 YZHXteH(TMP), COD
HAHE, 291" ES =&, Soluble Microbial Product (SMP) 3! Extracellular
Polymeric Substance (EPS)Q| =& 2|1 ddE HO|R 7tA LY Otz R
SEFo| M E|QACH ALO| F[X| %2 PVDF HC|OFE M8 Al HRT 16A|ZH0
N (EIEAE 2 3.751/m2.hr) TMPE 0.025barS 2 ZHEE|QICt O] & HRTZH
dagol wep S7HE FEHAO FAUCZ TMP= 0.15bar0 A 0.33bar77HA|
A BItStYICE YA HEFH Gl ENk4=0] SMP= 181.43 mg/Let 125.72 mg/L
O] EPSE 370mg/Let 67.14mg/LE EEZ|Of MIHoZ U2 SMP HAHEE
O HAE|QUCE M2tA EpSQt &2 O|ME F4HS0[ AFMBR A[AHIOM Of 2K
ol H= 7|04 = %'\'.: HO2 ALRE|QULCE HRT 16AIZH0IAM COD HAHEL

85%MK| Z7tStU S, HRT &4 Al |7|8 F5t20| 7K w2t CoD HA
82 Ct& 7:.%6} oL r 2 L} COD MAEL < 84%= 3|=2|ACt HHS 7|
2 7|7tS0 YME HO|R ZtALY OE RE2 o 50%ReD OE =82 <
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Biofouling control in a membrane bioreactor through the
addition of cell suspension of quorum quenching bacteria
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Selective removal of dissolved silica with key ion transport
through ceramic nanofiltration membrane
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Study on the structure and properties of the LCST-type
styrenesulfonate-based draw solute for the forward osmosis

Jihyeon Moon, Kyutae Seo, and Hyo Kang*
BK-21 Four Graduate Program and Department of Chemical Engineering,
Dong-A University, Busan 49315, Republic of Korea
*E-mail: hkang@dau.ac.kr

The thermo-responsive ionic liquids (ILs), tributylalkylphosphonium styr-
enesulfonate ([P44#][SS], where # is number of carbon atoms in tribu-
tylalkylphosphonium) and tetrabutylammonium styrenesulfonate ([Nas4][SS])
were synthesized for application as draw solute in forward osmosis (FO). The
[P4444][SS] aqueous solution showed lower critical solution temperature (LCST)
type phase transition in aqueous solution, which is essential for recovering the
draw solute or water from the diluted draw solution. The LCSTs of the 50
wt.% aqueous solutions of [P444][SS] was observed to be approximately 33 °C.
The water flux and reverse solute flux of the [P44][SS] aqueous solution, was
approximately 8.51 LMH and 1.66 gMH, respectively in active layer facing the
draw solution (AL-DS) mode at 50 wt.%.
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Exploring the reuse of laundry wastewater: treatment and
cleaning strategies of ceramic ultrafiltration membrane

Soyoun Kim, Chanhyuk Park*
Department of Environmental Science and Engineering,

Ewha Womans University, Seoul

*E-mail: chp@ewha.ac.kr

One of the most promising strategies for maintaining stable water sources
for on-site wastewater reuse is greywater reclamation, particularly laundry
wastewater reclamation [1-3]. This study proposes an efficient strategy for the
pre-treatment of laundry wastewater, which reduces membrane fouling and
improves flux recovery after membrane cleaning. The fouling behavior, organic
retention, and flux recovery rates of ceramic ultrafiltration (UF) membranes
were comprehensively investigated using synthetic laundry wastewater. Under
identical applied pressure and temperature conditions, a fouling resistance
that corresponded to the water permeate flux and normalized flux was
explored. Total organic carbon (TOC) retention was also tested to investigate
the feasibility of using ceramic UF membranes as an effective pre-treatment
for laundry wastewater reclamation. Furthermore, four different cleaning strat-
egies for the fouled ceramic membranes were systematically compared, in-
cluding deionized (DIl) water, alkaline, acidic, and combined alkaline and acidic
chemical agents to provide an in-depth understanding of the potential recov-
ery rates of the membranes relative to the initial state. The filtration and
treatment performance of real laundry wastewater samples collected from a
university student dormitory was compared with synthetic laundry wastewater.
This work provided valuable information on fouling behavior and cleaning
strategies that could advance ceramic UF membrane pre-treatment technology
for sustainable laundry wastewater reuse. Despite the challenges associated
with the organic fouling and the potential of incomplete flux recovery in en-
gineered systems, our findings provide insights into fouling mechanisms and
cleaning strategies that could enable the optimization of engineered waste-
water reuse systems.
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Alumina ceramic techniques for microplastics removal in
drinking water: Effect of humic acid
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Synthesis of dual-responsive imidazolium-based ionic liquid
and its application to draw solutes of forward osmosis

Yeonsu Cho and Hyo Kang*
BK-21 Four Graduate Program, Department of Chemical Engineering, Dong-A

University, Busan 49315, Republic of Korea
*E-mail: hkang@dau.ac.kr

Imidazolium-based magnetic ionic liquids (MILs) with dual responsiveness, a
series of 1-alkyl-3-methylimidazolium tetrachloroferrates (Cn,-FeCls, n = 4, 8,
and 12, where n denotes the number of carbon atoms in the alkyl group of
1-alkyl-3-methylimidazolium), were synthesized to assess their ability as draw
solutes for forward osmosis (FO). The LCSTs of the C4-FeCls, Cs-FeCls, and
Ci2-FeCly solutions of 20 wt. % were about 76, 43, and 55 °C, respectively.
The respective magnetic susceptibilities were 5.92 x 10°, 453 x 107, and 4.12
x 10° emu cm™? at 300 K. The water flux of Cg-FeCl, was about 17.30 LMH
in active layer facing draw solution modes at 20 wt. %. Therefore, we first
studied the effect of the structural transformation on draw solute properties
and examined the applicability of dual-responsive MILs as draw solutes for
FO.

- 116 —



ZAE ZH PO-23

M
5

P O|2HELRY ARTX| E50 O[X= B &

X

fob
ol
1Bl

NI

Analysis of the effects of the Electrolyte membrane ion

conductivity on the Fuel cell Performance
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Effect of Side Chain Length of lonomer on Perfluorinated
Binder Using Molecular Dynamics Simulation
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Molecular dynamics study on the permeation properties as
a function of the number of gas molecules absorbed into
the polymer matrix

Young Jin Seo, Chi Hoon Park*
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Accurate evaluation of hydrogen crossover in water
electrolysis systems for hydrated membranes

SeungHwan Kim', Jieun Kang' and Jeong F. Kim'"%*

'Department of Energy and Chemical Engineering, Incheon National

University (INU), Incheon, South Korea

’Innovation Center for Chemical Engineering, Incheon National University,
Incheon, South Korea
*E-mail: JeongKim@inu.ac.kr

In fuel cell and electrolysis systems, hydrogen crossover is a phenomenon
where hydrogen molecules (H,) permeate through a membrane, lowering the
overall process efficiency and generating a potential safety risk. Many works
have been reported to mitigate this undesired phenomenon, but it is yet diffi-
cult to accurately measure the rate of hydrogen crossover, particularly when
the membrane is fully hydrated in water. In this work, we investigated the
pressure decay method as a simple, convenient, and low-cost method to
characterize hydrogen crossover through hydrated membranes for water elec-
trolysis systems. Five different ion exchange membranes were analyzed: Nafion
212, Nafion 115, and in-house sulfonated poly(arylene ether sulfone) 40-60.
We rigorously confirmed our method and data by comparing it to the ANSI
dataset with the current state-of-the-art equations of state (EOS) to account
for the nonideality of high pressure hydrogen systems. The error from the gas
non-ideality was less than 0.03%. As expected, the rate of hydrogen crossover
showed high dependency on the temperature; more importantly, hydrogen
crossover increased significantly when the membrane was fully soaked in
water. For dry membranes, the proposed pressure decay method corroborated
well with the literature data measured using other known methods. Moreover,
for hydrated membranes, the obtained data showed high similarity compared
to the GC method which is currently the most reliable method in the
literature. We attempted to predict the hydrogen permeability of hydrated
membranes using the Maxwell-Eucken model. The model based on the given
thermodynamic parameters overestimated the hydrogen permeability, which
can be used to estimate the morphology of water.
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Preparation of polyetherimide hollow fiber membrane and
evaluation of gas separation characteristics according to
air-gap distance
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H.-Selective Gas Permeation via Polymer Hybridization into
Graphene Oxide Nanoribbon

Hyungjoon Ji and Dae Woo Kim*

Department of Chemical and Biomolecular Engineering, YONSEI University,
Seoul 03722, Republic of Korea
*E-mail: audwi105@yonseiac.kr

Gas separation performances of graphene-based membranes have been im-
proved by controlling the alignment of nanosheets or incorporating fillers be-
tween the nanosheets. Herein, the width of the graphene nanosheet was
shortened into nanoribbons, and polymers were intercalated between the
stacked graphene oxide nanoribbons (GONR). The macroporous scaffold of
entangled GONRs was preserved after polymer intercalation, thereby blocking
the crystallization of polymers. GONR/polymer hybrid membranes were fab-
ricated by shear-aligning the scaffold-containing hydrogel by a bar coating
method. The nanochannels within the GONRs were enlarged by intercalated
polymers, which allowed ultrafast H, permeation through the membrane.
Meanwhile, CO, permeated through the membrane relatively slowly due to
the interaction with polymers.
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Chitosan/Ag(l) thin-film composite membranes with high
CO/N, separation performance by facilitated transport

Su Bin Min'? Miso Kang? Yu-Jeong Han', Isaac An', Bo Ryoung Park’,
Jong Hak Kim? and Jeong-Hoon Kim'*
'C1 gas & Carbon Convergent Research Center, Chemical & Process

Technology Division, Korea Research Institute of Chemical Technology,

Daejeon 34114, Korea

’Department of Chemical and Biomolecular Engineering, Yonsei University,
Seoul 03722, Korea
*E-mail: jhoonkim@krict.re.kr

Carbon monoxide (CO) is a high-value feedstock used for synthesis of vari-
ous basic chemicals in chemical industries. A large amount of CO is produced
by various industrial processes as a by-product of off-gases containing Ny,
CO,, CH4 and H,. To recover CO from other gases, CO/N, separation is an
important process because CO and N, have similar kinetic diameters and boil-
ing points. In this paper, we report chitosan (CS)/Ag(l) thin-film composite
membranes with high CO/N, separation performance by introducing AgNOs
as the CO carrier into a chitosan selective layer coated on the polysulfone po-
rous support. Gas separation performances of CS/Ag(l) composite membranes
were systematically investigated by adjusting the AgNOs content and thickness
of the selective layer. The highest CO/N, selectivity of 19.7 with CO per-
meance of 13.2 GPU was observed for the 0.25 pm-thick CS/Ag(l) composite
membranes with 5 M AgNO; content. The mixed-gas test under various feed
compositions of the CO/N, mixture (50/50-95/5%) obtained CO purity of 87—
99% for the optimized CS/Ag(l)-3M composite membrane.
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Understanding of Relation Gas Transport Properties with
Free Volume Elements in Fluorinated Polyimide Membranes

Nam Gyu Lim and Hyo Won Kim*

KENTECH Institute for Environmental and Climate Technology, Department of
Energy Engineering, Korea Institute of Energy Technology (KENTECH),
Naju 58330, Requblic of Korea
*E-mail: hwkim@kentech.ac.kr

Gas transport through dense polymer films is strongly influenced by the
size and distribution of thermodynamic voids. Here, we study to figure out
the correlation between free volume elements and gas diffusion features of
polymer films. We synthesized fluorinated polyimide (#1) films made by differ-
ent imidization processes. We observed the unveiled relation the gas transport
with film properties, which could be explained by the free volume character-
istics like PALS and BET. Also, we engineered I films with targeted free vol-
ume elements, resulting in improved selective H, diffusion properties and en-
hancement of H, permeability and selectivity. We propose a correlation be-
tween gas transport properties and free volume theory, providing a new per-
spective on polymeric membrane design and improving gas separation

efficiency.
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Understanding of water vapor permeation properties using
nanocellulose-based membranes

Hyeok Jin Kwon, Do Hyeong Kwon and Hyo Won Kim*

Department of Energy Engineering, Korea Institute of Energy Technology,
Naju-si 58330, Republic of Korea
*E-mail: hwkim@kentech.ac.kr

Water vapor removal in gas separation is challenging for membrane-based
processes due to its unique transport through dense polymer membranes,
which causes plasticization. Therefore, developing polymeric membranes that
are permeable and tolerant to water vapor is crucial. Nanocellulose-based
(NC) polymers are promising candidates with hydrophilicity and crystallinity
control being important factors for improving membrane stability and water
vapor permeation. NC membranes exhibit faster water vapor permeation at
low humidity compared to commercial ones like Nafion® which is highly
permeable. To understand these unique behaviors, we characterized various
material properties to find the correlation between the physical properties
such as diffusion channels and the water vapor permeability properties such
as solubility and diffusivity.
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Intrinsic Defect Control of Polycrystal Graphene Through
Nucleation Density Control

Jun Kyu Jang, Jun Hyeok Kang, Chaewon Youn, Yu Jin Kim, Hayoung Jeon
and Ho Bum Park*

Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea

*E-mail: Badtzhb@hanyang.ac.kr

Porous single-layer graphene has been spotlighted as a promising mem-
brane material due to its atomic thickness and low gas transport resistance.
While many studies have been conducted on gas transport through intrinsic
defect of graphene, it still remains a challenge to control the defect sites that
can act as pores in which the molecular sieve occurs. In this study, poly-
crystalline graphene (PCG) with controlled intrinsic defect density was synthe-
sized by controlling the methane concentration in the initial graphene growth.
The prepared PCG showed a difference in grain-boundary density due to a
difference in nucleation density. As line defects originate from grain-bounda-
ries, the more grain-boundaries formed refers to more intrinsic defects there
exist. The defect controlled PCG transferred to polycarbonate (PCTE) mem-
brane after polydimethylsiloxane (PDMS) coating showed a significant differ-
ence in the separation performance of small gas pairs.
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Polyimide Membrane Incorporating Exfoliated Few-layer
Graphene Flakes for Improved Gas Barrier and Mechanical
Properties

Jae Gu Jung, Juhyung Moon, and Ho Bum Park*
Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

Polyimide (Pl) is a widely used membrane material in gas separation due to
its cost-effectiveness and outstanding thermal/chemical stability. To improve
the mechanical and gas barrier properties of Pl, various studies have made
use of carbon nanomaterials including graphene as fillers. Graphene flake (GF)
is produced via liquid-phase exfoliation (LPE). While the method is
cost-effective. there are several limits such as low GF concentrations (i.e.,
yields) and insufficient clarification of the LPE mechanisms. Herein we con-
ducted the shear-based LPE with a short operation time of just 2 h at 263 K
in Polarclean. As prepared GF was then loaded onto the commercial PI,
Matrimid® 5218, which showed excellent potential as an efficient filler to im-
prove the gas barrier properties as well as the mechanical properties of the
PI.
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ZIF-8/6FDA-DAM Mixed Matrix Membrane with Different
Filler Shape for Hydrogen Separation

Minsu Kim, Dae Woo Kim*
Department of Chemical and Biomolecular Engineering, Yonsei University,
Seoul 03722, South Korea
*E-mail: audwi105@yonseiac.kr

The morphology of the filler materials can greatly affect the performances
of the mixed matrix membranes (MMMs). Compared to low-aspect ratio fillers,
high-aspect ratio fillers show great advantages when hybridized into polymer
matrix. Therefore, we synthesized two different types of filler materials: ZIF-8
nanoplates (NZIF-8) with an aspect ratio of 20 and ZIF-8 isotropic particles
(IZIF-8). Both fillers were incorporated into 6FDA-DAM (Pl) to form MMMs.
NZIF-8/PI MMMs had higher mechanical properties such as hardness and
modulus than IZIF-8/PI MMMs. Even the 20 wt% NZIF-8/PI MMM showed
great thermal properties, withstanding high temperature of 300°C for 24 hours
without any deformation of the film structure. Different filler shape also led to
different separation properties. 20 wt% NZIF-8/PI MMM exhibited fast hydro-
gen permeability of 1813 Barrer with hydrogen/propane selectivity of 260.
Ternary mixture test of hydrogen/propylene/propane separation was further
conducted with various proportion of the gases under different temperatures.
NZIF-8/PI MMMs showed consistent performances for all the measurements,
which surpasses the one of IZIF-8/PI MMMs.
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Preparation of Pd and Pd-Cu alloy membrane and
Hydrogen Permeation Performance
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High-performance, TFC MMMs based on
UTSA-16 and a comb copolymer matrix for CO, capture
process

Bomi Kim, Hyo Jun Min and Jong Hak Kim*
Department of Chemical and Biomolecular Engineering, Yonsei University

*E-mail: jonghak@yonsei.ac.kr

MOFs have been intensively studied for CO, capture process due to its spe-
cific interaction with the target molecules. Herein, UTSA-16 acted as a func-
tional filler in thin-film composite mixed-matrix membranes (TFC-MMMs) for
gas separation. TFC-MMMs were successfully fabricated with an irregular mi-
cron-sized UTSA-16 filler and a functional CO;-philic comb copolymer
(PTHFMA-co-POEM, PTO). Defect-free membranes with a selective thickness of
300 nm exhibited CO, permeance of 1070 GPU, CO,/N; selectivity of 41.0 and
CO,/CHy4 selectivity of 17.2 when filler loading was 10 %. Excellent gas separa-
tion performance was obtained due to improved dispersibility of particles in
the solvent mixture and increased interfacial compatibility.
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Ti;C,T,.-MXene polydimethylsiloxane based mixed matrix
membrane fabrication of high performance H/ N, gas
separation

Ishag Ahmad Dohyoung Kang, Hobin Ji, Seung Hyun Song and
Euntae Yang*
Department of Marine Environmental Engineering, Gyeongsang National

University, Tongyeong Si, Republic of Korea.

*E-mail: yet83@gnu.ac.kr

Gas separation through membrane received a tremendous concentration be-
cause of its simplicity, lower cost efficiency, footprint, and eco-friendliness.
However, performance limitations of polymeric membranes due to their in-
trinsic physicochemical properties is still remain a great challenge to mem-
brane technology in filed of gas separation. One promising strategy for break-
ing through the limitation of polymeric membranes is to fabricate mixed ma-
trix membranes by incorporating nanofillers into polymer matrices. Recently,
2D MXene has gained interest as a promising nanofiller candidate due to its
excellent physicochemical properties and rich surface chemistry. Herein, we
synthesized multi-layer (ML-MXenes) and single-layer (SL-MXenes) MXene
nanosheets to employ as nanofillers for improving the performance of PDMS
membranes. We fabricated PDMS membranes with different 2D MXene load-
ing (0.0 wt%, 1.0 wt%, 3.0 wt%, and 5.0 wt%). Then, we examine the gas sep-
aration of the prepared membranes using an Hy/N, gas mixture. In the per-
formance evaluation, the PDMS membrane containing ML-MXene of 3.0wt%
exhibit the excellent gas separation performance.
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Effect of molecular weight on gas transport properties and
plasticization resistance of 6FDA-based polyimide
membranes

Joo-Eon Kim, Mi-hee Ryu, Ahrumi Park, and Jaesung Park*
Green Carbon Research Center, Korea Research Institute of Chemical
Technology (KRICT), Daejeon, 34114, Republic of Korea

Polyimides were synthesized via ring-opening reactions from two dianhy-
drides, 6FDA (4,4'-(Hexafluoroisopropylidene)diphthalic anhydride) and BTDA
(3,3'4,4'-Benzophenonetetracarboxylic dianhydride) in a 7:3 M ratio followed
by polymerization with DAM (2,4-Diamino mesitylenelne). By adjusting the re-
action time and nitrogen flow rate, we were able to synthesize polyimides
with controlled molecular weights ranging from 60,000 to 160,000 g/mol.
Pure-gas permeabilities of membranes were measured using a series of gases
having different kinetic diameters, including H,, CO,, N, and CHa4. As the mo-
lecular weight increased, gas permeability increased noticeably and gas se-
lectivity decreased. Particular attention was given to CO, and CHs (50/50)
mixed-gas measurements at upstream pressures ranging from 4 to 40 atm.
The CO,/CH4 mixed-gas results exhibited that higher molecular weight poly-
imide membranes were significantly less susceptible to CO,-induced plasti-
cization

Keywords : Polyimide, Molecular weight, Gas separations
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High oxygen-permeable perfluorinated sulfonic acid
ionomer binder with enhanced for polymer electrolyte
membrane fuel cells

Sichan Lee, Juhee Ahn, Jun Hyun Lim, Seungyong Park, and
Chang Hyun Lee*
Department of Energy Engineering, Dankook University, 31116 Cheonan,

Republic of Korea
*E-mail: Chlee@dankook.ac.kr

The polymer electrolyte membrane fuel cellPEMFC) performance is limited
by the oxygen reduction reaction(ORR) on the cathode side in the membrane
electrode assembly. Owing to the ORR rate being relatively very slow com-
pared to the hydrogen oxidation reaction at the anode it has a decisive effect
on the overall reaction rate of the PEMFC. To improve the ORR reaction rate,
rapid mass transfer of the reactant such as oxygen gas moving through the
electrode layer must be achieved. In this study, a perfluorinated sulfonic acid
ionomer designed to have high gas permeability via a supercritical method
was applied as an electrode binder to improve the mass transfer behavior in
the electrode layer. The relationship between ionomer electrode binder dis-
persion characteristics and electrochemical PEMFC performances was system-
atically investigated.
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Importance of perfluorinated sulfonic acid ionomer
membrane material selection for polymer electrolyte
membrane fuel cells
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Chang Hyun Lee*
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Polymer electrolyte membrane(PEM) is the important factor determining the
performance of polymer electrolyte membrane fuel cells(PEMFC). PEM materi-
als should satisfy a good gas barrier property and a high proton conductivity
to improve PEMFC performance. Perfluorinated sulfonic acid(PFSA) ionomer
which consists of a hydrophobic poly(tetrafluoroethylene) main chain and per-
fluorinated side chains with a hydrophilic sulfonic acid group at each terminal
is used as a representative and widely PEM material. In this study, a mem-
brane was prepared by controlling the particle size of the dispersed PFSA ion-
omer via the supercritical method, and the effect of the chemical structure
and equivalent weight of PFSA ionomers on membrane properties was
investigated. And their effect was analyzed on electrochemical properties and
PEMFC performance.
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Super-stable and Efficient Electrocatalyst in High Current
Density Alkaline Seawater Splitting Derived from ZIF-based
Phosphorous N-doped Carbon

Hyun Ji An, Hayeon Jeong, So Yeon Lee, Jung Tae Park*
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Hydrogen is being considered as a potential substitute for fossil fuels due
to its high energy density and low greenhouse gas emissions. However, the
widespread use of freshwater electrolysis is limited by the scarcity of water
resources. One possible solution is to develop cost-effective electrocatalysts
and electrodes that can withstand seawater splitting without succumbing to
chloride corrosion. To address this issue, we synthesized an N-doped car-
bon-coated CoFe phosphide electrocatalyst from ZIF as a stable option for al-
kaline seawater splitting. The N-doped carbon coating prevented electrode
corrosion and allowed the active site to function efficiently for an extended
period. By adjusting the amount of ZIF, the electrocatalytic performance of
CoFe LDH@PNC was optimized to achieve ultra-low overpotentials of -44 mV
and 233 mV at 10 mA cm™ and -255 mV and 329 mV at 1000 mA cm™ for
HER and OER in 1 M KOH, respectively. Furthermore, it achieved the in-
dustrially required current densities of 500 and 1000 mA cm™ for overall alka-
line seawater splitting at a record low voltage of 1.99 and 2.24 V, respectively.
Remarkably, at a high current density of 500 mA cm?, it remained stable for
1,000 hours, demonstrating the viability of stabilizing transition metal LDH for
seawater splitting by introducing N-doped carbon with abundant active sites.
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Comparison of polymer electrolyte membrane water
electrolysis performance of perfluorinated sulfonic acid
ionomer polymer electrolyte membrane according to thickness
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Perfluorinated sulfonic acid (PFSA) ionomer, a component of polymer elec-
trolyte membrane water electrolysis (PEMWE), is mainly used in polymer elec-
trolyte membrane (PEM) with excellent proton conductivity and chemical re-
sistance, and this PFSA ionomer is the most important part that determines
the performance and durability of PEMWE. As for the performance of PEMWE
using PEM, proton conductivity improves as the thickness becomes thinner,
but gas crossover occurs through the membrane, resulting in poor cell
performance. On the other hand, the thicker the membrane, the lower the
proton conductivity, resulting in poor performance but better durability. In this
study, the mechanical and electrochemical properties of the membrane ac-
cording to the PFSA membrane thickness were evaluated, and the PEMWE cell
test was compared and analyzed.
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Perfluorinated sulfonic acid ionomer membranes with
improved gas barrier behavior for polymer electrolyte
membrane fuel cells
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Republic of Korea
*E-mail: chlee@dankook.ac.kr

Polymer electrolyte membrane (PEM) is one of the key materials affecting
polymer electrolyte membrane fuel cell performance. The representative PEM
materials are perfluorinated sulfonic acid (PFSA) ionomers composed of a hy-
drophobic poly(tetrafluoroethylene) main chain with excellent chemical resist-
ance and perfluorinated side chains with a hydrophilic sulfonic acid group at
each terminal. Despite their many advantages such as excellent proton con-
ductivity and chemical durability, the PFSA ionomers have problems such as
fast hydrogen crossover and weak mechanical toughness under low humidi-
fied conditions. In this study, we synthesized PFSA ionomers with different
particle sizes via the supercritical method, and their effects of ionomer particle
size on the membrane properties were systematically analyzed.
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Preparation and characterization of organic solvent
nanofiltration membrane for alchol recovery and organic
solvent separation
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Study on SEBS hybrid membrane with polystyrene particle
to improve ion exchange capacity

Gede Herry Arum Wijaya, Seong Heon Kim, Kwang Seop Im and

Sang Yong Nam*
Gyeongsang National University

*E-mail: walden@gnu.ac.kr

The electrodeionization (EDI) process is a method that improves ion ex-
change capacity compared to the conventional method by mixing two meth-
ods, the electrodialysis method using cation/anion exchange membrane used
in the water treatment process and the ion exchange resin method using cati-
on/anion exchange resin. The module used in this process is manufactured in
the form in which an ion exchange resin is filled between the cation exchange
membrane and anion exchange membrane, and a high amount of ion ex-
change capacity of the cation/anion exchange membrane is required for
high-performance and miniaturization. Therefore, in this experiment, to reduce
the movement of ions that can act as a cause of water quality deterioration,
cations with high ion exchange capacity were studied by finding the proper
equivalent ratio of ion exchange resins to improve the performance of ion ex-
change materials while having low water permeability coefficient. An exchange
polymer was synthesized and prepared, and an ion exchange membrane was
prepared using the polymer. After that, various thermal, mechanical, and elec-
trochemical characteristics were evaluated.
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Electrolysis system of ammonia in anhydrous condition
with anion exchange membrane

Hyeokjoo Lee, Jun Hyun Lim, Juhee Ahn, and Chang Hyun Lee*
Department of Energy Engineering, Dankook University, Cheonan 31116,

Republic of Korea
*E-mail: chlee@dankook.ac.kr

Hydrogen has recently been spotlighted as an eco-friendly energy source.
However, hydrogen is difficult to transport and store. Currently, one of the ef-
fective ways to store and transport hydrogen is to use ammonia as a hydro-
gen carrier. Ammonia has a high density of hydrogen per volume and can be
liquefied easily. In addition, ammonia is widely used as a fertilizer and already
has a storage and transportation infrastructure. There are two major methods
for extracting hydrogen from ammonia. It can be decomposed into hydrogen
and nitrogen through thermochemical decomposition or electrochemical
decomposition. In this study, a system for electrolysis of 99.9% high-purity an-
hydrous ammonia using an anion exchange membrane is introduced.
Anhydrous liquid ammonia electrolysis performance and efficiency of anion
exchange membrane were analyzed.
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Preparation and Evaluation of Commercial Anion Exchange
Membrane’s Membrane Electrode Assembly
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Preparation of anion exchange membrane with added

particles for fuel cell system application
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Delamination-free blended membrane for saline water
electrolysis system with low energy consumption

Kyeonghwan Hwang, Jin Pyo Hwang, Juhee Ahn and Chang Hyun Lee*

Department of Energy Engineering, Dankook University, Cheonan 31116,

Republic of Korea
*E-mail: chlee@dankook.ac.kr

A cation exchange membrane (CEM)'s Na® transport behavior and chemical
durability are important because it influences a hydrogen energy consumption
of a saline water electrolysis (SWE). Commercial double-layered membrane for
the SWE based on perfluorinated backbone has sulfonic acid group (S-layer)
to reduce ohmic resistance by accelerating Na* transport and carboxylic acid
group (C-layer) for good chemical resistance about a feed solution at cathode.
But in long term operation, an overall performance can be reduced by de-
lamination between S-layer and C-layer. In this study, a nano dispersion (ND)
being consisted of sulfonic acid group and carboxylic acid group simulta-
neously was made by a supercritical fluid (SCF) method. In addition, a sin-
gle-layered thinned membrane was prepared by using the ND to lower hydro-
gen energy consumption.
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The effect of short side chain perfluorinated sulfonic acid
ionomer-poly(tetrafluoroethylene) pore-filling membrane
properties on polymer electrolyte membrane water
electrolysis performance
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Department of Energy Engineering, Dankook University, Cheonan 31116,

Republic of Korea
*E-mail: chlee@dankook.ac.kr

The polymer electrolyte membrane (PEM) influences the performance of
polymer electrolyte membrane water electrolysis (PEMWE). Perfluorinated sul-
fonic acid (PFSA) ionomers such as Nafion® are widely used for PEM
materials. However, Nafion® has problems such as relatively low proton con-
ductivity and high gas crossover due to its long side chain. In addition, fully
hydrated PEMWE operating conditions aggravate the membrane’s mechanical
strength and dimensional stability, resulting in gas crossover and low cell
performance. In this study, a pore-filling membrane was fabricated by filling
short side chain (SSC) PFSA ionomer into porous poly(tetrafluoroethylene)
(PTFE) support to reinforce the physical properties and reduce the thickness
simultaneously. Additionally, PEMWE cell performance evaluations were
conducted.
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Understanding of Energy-related lon Transport through lon
Exchange Membranes

Yu Jin Jo, Hoang Thai Bao Ngo, Hyeok Jin Kwon and Hyo Won Kim*
Department of Energy Engineering, Korea Institute of Energy Technology,
58330
*E-mail: hwkim@kentech.ac.kr

lon exchange membranes (IEMs) play a crucial role in a wide range of ap-
plications related to electrochemical energy generation, conversion, and
storage. Understanding ion transport through these membranes is the first
step in optimizing their electrochemical systems. However, it is often over-
looked the role of selective ion transport properties through the IEMs. In this
study, we describe the fundamental principle governing ion transport by using
IEMs as well as the various material properties that can affect ion selectivity
and permeability. To do so, we have attempted to correlate the structural
characteristics of these membranes with ion transport properties such as sol-
ubility, diffusivity, and permeability. Additionally, we have proposed new types
of IEMs that are suitable for energy-intensive multivalent ion systems.

- 151 —



ZAE LH PO-58

Fabrication of a pore-filled anion exchange membrane with
electrical treatment for a high performance non-aqueous
vanadium redox flow battery

Jae-Hun Kim, and Jung-Je Woo*
Gwangju Bio/Energy R&D Center, Korea Institute of Energy Research

*E-mail: Wooj@kier.re.kr

Fabrication of high-conductivity anion exchange membranes (AEMs) is cru-
cial to enhance the performance of non-aqueous vanadium redox flow bat-
teries (NAVRFBs). In this work, AEMs with high-conductivity were fabricated by
aligning ion channels of the polymer electrolyte impregnated in porous poly-
tetrafluoroethylene (PTFE) under electric fields. It was observed that the ion
channels of the polymer electrolyte were uniformly orientated in the atom-
ic-force microscopy image. Its morphological change could minimize detour-
ing of the transport of BFs ions. The results showed ion conductivity of the
prepared membranes was improved from 12.7 to 33.1 mS cm. The dimen-
sional properties of the fabricated membranes were also enhanced compared
with its cast membrane owing to the reinforcing effect of the PTFE substrate.
In terms of a single cell performance, the optimized membrane showed in-
creased capacities, with a 97% coulombic efficiency and 70% energy efficiency
at 80 mA cm™. Furthermore, the optimized membrane made it possible to
operate the NAVRFB at 120 mA cm™. lIts operating current density was 120
times higher than that of a frequently used AHA membrane for RFBs.
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Thiophene-derived metal organic framework on
nickel-cobalt layered double hydroxide for high capacitance
hybrid membrane supercapacitor
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Konkuk University, Korea
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Recent discoveries highlight the importance of energy storage devices. This
work presents a simple two-step method to fabricate a high capacitance su-
percapacitor based on nickel-cobalt LDH with the addition of thio-
phene-derived MOF. Higher capacitance is achieved when changing the sol-
vent from aprotic to protic, and the distinctions between each solvent and or-
ganic linkers are presented through various techniques. Also, various electro-
chemical measurements are performed to calculate the areal capacitance of
the fabricated material. NiCOLDH@E-TDC-MOF has areal capacitance of 10.41
F/cm?, followed by NiCoLDH@D-TDC-MOF 6.35 F/cm?, and NiColDH 2.93
F/cm?  Hybrid  supercapacitor device fabricated with  NiCoLDH@
E-TDC-MOF//AC has energy density of 1.02 Wh/cm? and power density of 1.6
W/cm?. This work highlights the effect of solvent on thiophene linker
(2,5-thiophenedicarboxylic acid, TDC) and its corresponding morphology with
various electrochemical performance.
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PTFE reinforced polystyrene-divinylbenzene based cation
and anion-exchange composite membranes for
electrodialysis and energy conversion process
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Jeong-Hoon Kim'*
1C1 gas & Carbon Convergent Research Center, Chemical & Process

Technology Division, Korea Research Institute of Chemical Technology,
Daejeon 34114, South Korea
2Yonsei University, Department of Chemical and Biomolecular Engineering

*E-mail: jhoonkim@krict.re.kr

In this study, we prepared the PTFE reinforced polystyrene-based cation-
and anion- exchange composite membranes for the application of electro-
dialysis and energy conversion processes. Herein, styrene(St) and benzyl chlor-
ide(VBC) as basic monomers, respectively, and divinylbenzene (DVB) as a
crosslinking agent, and benzoyl peroxide (BPO) as an initiator were used to
make monomer solutions for cation and anion exchange composite
membranes. respectively. The porous polytetrafluoroethylene (PTFE) as a re-
inforced substrate, which has excellent chemical resistance and mechanical
strength, was filled with the two monomer solutions and then thermally
polymerized. The synthesized precursor membranes were sulfonated with sul-
furic acid or aminated with trimethyl amine to prepare the composite mem-
branes including cation exchange group (-SOsH) and anion exchange
group(-NR3). The poly(St-co-DVB)/PTFE and poly(VBC-co-DVB/PTFE) composite
membranes were evaluated through ion exchange capacity (IEC), electric re-
sistance (ER) and water uptake (WU).
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Polystyrene/PE based cation/anion exchange composite
membranes crosslinked with divinyl benzene
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Technology Division, Korea Research Institute of Chemical Technology,

Daejeon 34114, Republic of Korea
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In this study, we prepared the cation/anion exchange composite membranes
for the application of fuel cell and electrodialysis. Herein, styrene(St) and ben-
zyl chloride(VBC) as basic monomers and divinylbenzene (DVB) as a cross-
linking agent, and benzoyl peroxide (BPO) as an initiator were used to make
monomer paste solutions for cation and anion exchange composite
membranes. respectively. The polyethylene (PE) mesh substrate, which has ex-
cellent chemical resistance and mechanical strength, was coated with the two
monomer solutions and then thermally polymerized. The synthesized precursor
membranes were sulfonated with sulfuric acid or aminated with trimethyl
amine to prepare the composite membranes including cation exchange group
(-SOsH) and anion exchange group (-NR;). The poly(St-co-DVB)/PE and
poly(VBC-co-DVB/PE) composite membranes were evaluated through ion ex-
change capacity (IEC), electric resistance (ER) and water uptake (WU).
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Preliminary study of thermally induced phase separation
based on PVDF membrane

Gede Herry Arum Wijaya, Hyun Woong Kwon, Kwang Seop Im, and

Sang Yong Nam*
Gyeongsang National University

*E-mail: walden@gnu.ac.kr

Thermally-induced phase separation (TIPS) is another alternative to prepar-
ing hollow fiber membranes to have higher mechanical strength. This method
also can be used in high polymer wt% dope solutions as using an extruder.
Non-solvent induced phase separation cannot produce temperatures sufficient
for dissolution. A separation membrane was prepared using the thermal in-
duction phase separation method using high temperature. PVDF concen-
tration is increased PVDF dope solution hardness and viscosity are increased
together. PVDF concentration is increased quenching PVDF solution is
changed to semi-transparent. PVDF + DBP can be used at less than 44wt% in
the TIPS method, this is higher than the NIPS method. TIPS method can be a
good alternative to produce hollow fiber membranes with high polymer
content. There is a need for several improvements such as further mod-
ification of polymer, blending polymer, and adding inorganic particles.
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Evaluation of chemical stability of water treatment

separtion membrane using thermally induced phase

separation method

Dong Jun Lee', Kwang Seop Im' Seong heon Kim', Jae Young Jang?,

1%

1

Sang Yong Nam

'Department of Materials Engineering and Convergence Technology,

Engineering Research Institute, Gyeongsang National University, Jinju 52828,

Korea
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Preparation and Characterization of Nanofiber Support for
Secondary Battery Using Polybenzimidazole

Jun Ho Park, Kwang Seop Im, Sang Yong Nam*
Department of Materials Engineering and Convergence Technology,
Engineering Research Institute, Gyeongsang National University, Jinju, Korea
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E2|#=0|0}CFE (Polybenzimidazole, PBl)= ¥ 0| 23t 0|F 12| 3}et=
EM 22|, 2t 540| f%3510] Lt, ®7|, 2SS 52| Tt 20k0|A
28E|1 UCE O|XTX|0AM S| 22|He| Fo A 7|52 & 2[&0229
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2 AdFoME 22| 3tEA E40| 23 PBIE 0|85t H7|HUAE ST Lt
L AF XX|HE HZESIRACE PBI2F DMACE 0|83t DE2X SHS K=t
of, 8H=E =AF7| {5t0] LICIZ O[&SIRALCt Lt HRE 0|83 Ctad
XIXIME MZESH2| I5t0] HMI7|HWALE O| 851, nE2Xt &AW, HMI|HAL SF
2|3 gAEE S RSO PRl Lt M9 XIX|ME M=sIIACH FAFHEAL 0|
42 0|83t =A0| WME pBl Lt HF XX|HQ EEZXE HESIU2H,
FX EH2 TGA, DSCE 0|83%t0 HHESIULCE HHEZLS 018510 M=E 22
ool ABEE =S, 7t 3 =Xe[7F THE PBlI A[X[HQ| &= FT-IR

Keyword: PBI, electrospinning , DSC, FT-IR, SEM
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Improvement in Synthesis Reliability of High-Performance
MFI Zeolite Membranes for Gas Separation and
Pervaporation Processes

Khikmatullo Sodikov', Aafaq ur Rehman?, and Churl-Hee'*
'Reaction & Separation Nanomaterials Laboratory, Graduate School of Energy
Science and Technology, Chungnam National University, Daejeon 34134,
Republic of Korea
*E-mail: choch@cnu.ac.kr

There have been many experimental studies on ZSM-5 membranes for the
application of gas separation and solvent dehydration. Despite the good per-
formance of ZSM-5 membranes, there is inconsistency in terms of their syn-
thesis reliability. In this study, experimental investigations were conducted in
order to find out the reasons behind the low synthesis reliability of ZSM-5
membranes by changing synthesis conditions such as synthesis time (24, 36,
48, and 72 hours), temperature (180°C, 200°C, 220°C). So far, the factors that
are contributing to the disparity in the performances were assumed to be the
growth rate and high mineralization rate in the gel solution during the hydro-
thermal synthesis. In the near future, for further investigation, it is planned to
set one synthesis temperature and time and then manipulate coating solution
concentration between 0.1 and 0.5 wt.%, heating rate from 0.1 to 5°C/min,
and molar composition of the gel solution for the hydrothermal synthesis
process.

Keywords: ZSM-5 membranes, synthesis conditions, gas separation, solvent
dehydration, synthesis reliability.
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Polyketone support polyamide membrane for organic
solvent reverse osmosis (OSRO) separation

Seoungwoo Kim, Eunjoo Koh, Yong Taek Lee*

Department of Chemical Engineering, Kyung Hee University, Yongin-si,

Republic of Korea

*Email: yongtlee @khu.ac.kr

Organic solvent reverse osmosis (OSRO) membrane can be applied to alco-
hol/alkane mixture separation process. We developed a new OSRO membrane
using polyketone (PK) support, which the PK support has good organic sol-
vents resistance and strong interactions with polyamide (PA). The PA layer on
the surface of the PK support was formed by the interfacial polymerization
(IP) using 1,3-phenylene diamine (MPD) and 1,3,5-benzenetricarbonyl tri-
chloride (TMC).

The OSRO membranes with a NaCl rejection higher than 95% were used for
membrane performance. The molecular weight cut-off (MWCO) of membranes
was determined by exclusion of various alcohols from alcohol/MeOH mixture
solutions. MeOH, EtOH and Acetone were separated from alcohol/toluene

mixture solutions.
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Preparation of semi-alicyclic homo- and blended polyimide
membranes using alicyclic dianhydrides with kink structures
and their gas separation properties

Chae-Hee Seo'?, Jae-young Eo'?, Si-Woo Lim', Hyo-Jun Min? Jong-Hak Kim?,
Jeong-Hoon Kim'*
1C1 gas & Carbon Convergent Research Center, Chemical & Process

Technology Division, Korea Research Institute of Chemical Technology,
Daejeon 34114, South Korea
2Yonsei University, Department of Chemical and Biomolecular Engineering

*E-mail: jhoonkim@krict.re.kr

Aromatic polyimides are promising membrane materials for gas separation due
to their excellent gas separation properties. Herein, two soluble semi-alicyclic
polyimides were synthesized via a one-step thermal imidization process with two
semi-alicyclic dianhydrides possessing kink structures: bicyclo[2,2,2] oct-7ene-
2,3,5,6-tetracarboxylic dianhydride (BCDA) and 5-(2,5-dioxotetrahydrofuryl)-3-
methyl-3-cyclohexene-1,2-dicarboxylic anhydride (DOCDA), and a flexible ar-
omatic diamine: 4,4'-Oxydianiline (ODA). Their homo- and blended membranes
were prepared in various mixing ratios and their gas permeation properties
were investigated for five gases (H,, CO, O, Ny and CH.) and selectivity for
five gas pairs (Ha/CHs Hz/Np CO,/CHs; CO/N, and Oz/N,). The homo-
polyimides (BCDA-ODA, DOCDA-ODA) exhibited amorphous structure without
crystallinity and good solubilities in the casting solvents. BCDA-ODA showed
larger d-spacing/FFV values, higher gas diffusivities/gas solubilities than
DOCDA-ODA, resulted in higher gas permeabilities and lower gas selectivity,
which were remarkably affected by feed temperature. Also, the gas perme-
ability and selectivity of the blended membranes were dependent upon the
BCDA/DOCDA mole ratio. The good gas separation performances of homo-
and blended membranes were observed for H,/CHs H,/N, CO,/CH4 and
0./N;, which are comparable to those of commercial membrane materials
such as P84®, PSF, CA, Matrimid®, etc.
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Structural changes of isoporous cellulose acetate
membranes with the vapor induced phase separation

conditions

Ju-Yeong Lee', Jung-Hyeon Seo, Hong-Tae Lee, Tae-Kyung Kim, HoSik Park
and Young Hoon Cho**
'Green Carbon Research Center, Chemical Process Division, Korea Research
Institute of Chemical Technology (KRICT)
?Advanced Materials and Chemical Engineering, University of Science &
Technology (UST)
*E-mail: yhcho@krict.re.kr

This study explores the impact of vapor-induced phase separation (VIPS)
conditions on the structural changes of isoporous cellulose acetate (CA)
membranes. The porosity and pore size of the membranes are affected by the
temperature and humidity conditions applied after casting the CA dope
solution. We prepared porous CA membranes with varying VIPS conditions to
control their pore structure, and immersed in a water bath to eliminate re-
sidual solvent. Besides investigating factors that influence membrane proper-
ties, such as the use of pore-forming agents to control porosity and pore size,
we found that VIPS conditions have a considerable effect on membrane
properties. This implies that precise control of the membrane fabrication envi-
ronment is essential to ensure the reproducibility and reliability of the fab-
ricated membranes.
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The active layer coating for PVDF membrane by
polyelectrolyte multilayer coating

Jin Hyeok Kim, Hoon Ki Min, Sung Yun Yang*
Department of Polymer Scienece and Engineering, Graduate School of

Chungnam National University, Daejeon, Korea

*E-mail: sungyun@cnu.ac.kr

Last the few years, we have been studying polyelectrolyte multilayer films to
give the multifunctional coating film by layer-by-layer to the surface. And we
obtained the result that the desired properties can be imparted to the materi-
al according to the conditions of the polyelectrolyte multilayer film by lay-
er-by-layer. Especially, as water treatment problems are emerging recently, we
prepared a PVDF membrane to improve those problems and modified the
surface. We studied the degree of water flux and filtration using nanoparticles
according to the thickness of polyelectrolyte thin film. Also we analyzed the
surface shape of the coated film using AFM and SEM. As a result, the water
flux and filtration change with the thickness of the film, which can be effec-
tively applied not only in water treatment but also in other fields.
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High CO, separation performance of Thin-Film Composite
Mixed-Matrix Membranes based on MOF-808

So Youn Lee', Hyo Jun Min', Jae Hun Lee**, and Jong Hak Kim'*
'Department of Chemical and Bimolecular Engineering, Yonsei University

Hydrogen Research Department Korea Institute of Enerqy Research
*E-mail: jhlee@kier.re.kr, jonghak@yonsel.ac.kr

Thin-film composite mixed-matrix membranes (TFC-MMMs) are effective and
low-cost technology for gas separation with high gas flux and selectivity. In
this study, we report highly CO,-selective TFC-MMMs comprised of modified
MOF-808 and a rubbery copolymer, PBE. With a simple method, the flexible
PBE chain partially filled in the pores of the MOF-808, thereby adjusting the
size of the pores and improving the interfacial property between MOF-808
and PBE. Fabricated TFC-MMMs showed good compatibility with MOF-808
particles, enabling low thickness even at a high loading of fillers. Among fab-
ricated TFC-MMMs, the one with 40 % loading of MOF-808 showed the CO;
permeance of 1069 GPU and CO,/N; selectivity of 52.7 whereas the one with-
out MOF-808 showed 431 GPU and 36.2 for CO2 permeance and CO,/N; se-
lectivity, respectively.
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For gas seperation, fabrication of PEBAX membrane with
Amine-modified Halloysite nanotubes(HNTSs)
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For gas seperation, fabrication of PEBAX membrane with
Amine-modified Halloysite nanotubes(HNTSs)

Yae seong Kim', Keong Min Kwon®** Hyun Kyung Lee', Se Ryeong Hong?**
'Department of Chemical Engineering and Materials Science, Sangmyung

University,
’Kyedang College of General Education, Sangmyung University

For CO, seperation, polymercic membrane has been used commercially. But
the trade-off occurs between permeability and selectivity. To overcome this
problem and upper-bound, attempts at adding filler and modified filler in pol-
ymeric membrane are applied for various method. In this study,
HNTs(Eco-friendly) that can have easily modification due to hydroxyl group
was used as a based-filler and modified from CO, friendly AEAPTMS
(N-[3-(Trimethoxysilyl)propyl]lethylenediamine) that two of amine groups(-NH)
in back bone. The synthesized material was mixed into PEBAX 2533 as a
based polymer, to analyze the gas permeability and characteristics of the
MMMs.
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Effects of Double Layer Casting on Protein Fouling in PES
Filtration Membranes with Improved Pore Structure

Chang-Hun Kim'? Youngmin Yoo', In-Chul Kim', Seung-Eun Nam',

Jung-Hyun Lee? and Young Hoon Cho'?*
'Green Carbon Research Center, Chemical Process Division, Korea Research
Institute of Chemical Technology (KRICT)
’Department of Chemical and Biological Engineering, Korea University

*Advanced Materials and Chemical Engineering, University of Science &
Technology (UST)
*E-mail: yhcho@krict.re.kr

Polyethersulfone (PES) is a commonly used material for water and bio-puri-
fication membranes, thanks to its hydrophilicity and ease of nonsolvent in-
duced phase separation (NIPS). However, lab-made PES membranes often ex-
perience severe flux decline due to structural pore clogging and cake layer
formation. We discovered that loose ultrafiltration membranes can be subject
to fouling due to the formation of a dense skin layer caused by water in-
trusion during membrane fabrication. To investigate the effect of surface po-
rosity on protein fouling, we prepared two membranes with the same se-
lective layers but different sub-layer structures using single and double layer
casting methods. This study highlights the importance of not only chemical
modification but also physical optimization of the membrane structure in pre-
venting membrane fouling.
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High Performance Membrane Adsorber with
Polyimide/UiO-66 Nanocomposite Membrane by In-situ
Crystallization

Byung Kwan Lee, Ye Jin Han, Young Jae Kim, and Ho Bum Park*

Department of Energy Engineering, Hanyang University, Seoul 04763,
Republic of Korea
*E-mail: Badtzhb@hanyang.ac.kr

Membrane adsorbers technology is receiving enormous attention to alter-
nate the traditional bead-based chromatography. However, it has still several
obstacles such as low adsorption capacity to widespread use. Here, we sug-
gest membrane absorbers that have tremendous adsorption capacity by
in-situ crystallization of metal-organic frameworks with high porosity and de-
signable functionality in the feed solution pathway. Polyimide (e.g.
6FDA-DAM: DABA) with in-situ growth MOF gives mechanical strength and
flexibility. The micron-sized channels within MOF particles provide fast water
permeation while the porous MOFs reject solutes by high adsorption capacity.
This strategy will have a significant impact on the manufacture of nano-
material-embedded membranes and widely used in practical applications such
as medical, food, and protein separation in the future.
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Membrane fabrication using selective laser sintering 3D
printing technique

Seongeom Jeong and Sanghyun Jeong*

School of Civil and Environmental Engineering, Pusan National University

*E-mail: shjeong@pusan.ac.kr

Membrane technology is used for separation in different fields. Many re-
searchers are being conducted to fabricate membrane using various methods
with improved performance. Three-dimensional (3D) printing technology can
make most of geometrically complex shape or feature in a range of materials
across different scales. 3D printing technique is expected to fabricate mem-
brane simpler than other conventional fabrication techniques and improve
membrane efficiency by making well-aliened pore structure and incorporating
functional materials[1,2]. In this study, we fabricated the membrane using se-
lective laser sintering (SLS) method. These 3D printing membranes were de-
signed using Fusion 360 computer-aided design software and printed at a di-
mension of 10 x 10 x 0.2 cm. Fabricated membrane surface was observed
using scanning electron microscope and membrane performances were eval-
uated in terms of ion rejection efficiency.
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The effect of mild reduction on the water vapor
permeation in graphene oxide membranes

Seung Yeon Yoo and Ho Bum Park*

Department of Energy Engineering, Hanyang University, Seoul 04763,

Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

The exceptional water transport of graphene oxide (GO) has gained much
attention in dehumidification due to its low permeability of gases and fast
water vapor transport. While there have been many theoretical studies on the
transport pathway of water vapor through GO, few experimental efforts have
been made on the reduction degree and the non-oxidized regions. In this
study, the water vapor transport of GO membranes is elucidated by precisely
controlling the sp® and sp? domains through mild reduction. Interestingly,
mildly reduced GO exhibited a significant increase in water vapor permeability
at the threshold point of the sp® domain ratio, resulting in unprecedentedly
fast water vapor permeation under mixed-gas conditions. The findings could
help understand the role of sp® regions in the transport mechanism of water
vapor in GO membranes.
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A Study on the Industrial Application of PTFE Membranes
Manufactured by Electrospinning Technique as Dust
Filtration Media
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Effects of surface anion modification of PVDF membranes
for efficient virus removal

Seonbeen Hwang, Eunjoo Koh and YongTaek Lee*
Department of Chemical Engineering, KyungHee University, Yongin-si,

Gyenggi-Do, Republic of Korea
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Development of a Spiked Membrane for Physical Cell Lysis
to Recover Intracellular Bioproducts

Jiwon Mun and Youngbin Baek*
Department of Biological Engineering, Inha University, Incheon 22212, Korea
*E-mail: ybbaek@inha.ac.kr

Cell lysis is required to recover an intracellular product at initial stage in
downstream process. Chemical method such as dissolution using organic sol-
vent is widely used to produce bio-based chemicals. However, the use of or-
ganic solvent can degrade the product and provide an environmental hazard
[1]. The objective of this study was to develop a spiked membrane , manufac-
tured by vertically deposition of carbon nanotubes (CNTs) on the membrane
surface for efficientl cell lysis. It is known that vertically aligned CNTs can
physically rupture the cell membrane [2]. CNTs were modified by an oxidatvie
method with sulfuric acid / nitric acid solution and by tip sonication, followed
by deposited on the membrane surface using a vaccum filtration. Results
showed that >1 log of cells were inactivated for 3 h of filtration condition,
which was observed by confocal laser scanning microscopy image with
live/dead staining. It would suggest that a spiked membrane can be used for
bioproduct recovery such as bioplastic manufacturing process.

References
[11 Nandakumar, A; Chuab, J; Sudesh, K, Renewable Sustainable Energy Rev.,
2021, 147, 111237.
[2] Lee, B¥; Baek, Y# Lee, M; Jeong, H; Lee, HH. Yoon, J; Kim, YH, Nat
Comm., 2015, 6, 7109.
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Hydrothermally rearranged Regenerated Cellulose
Membranes

Yelim Ha, Jun Hyeok Kang, Inho Park and Ho Bum Park*
Department of Energy Engineering, Hanyang University, Seoul 04763,
Republic of Korea
*E-mail: badtzhb@hanyang.ac.kr

Regenerated Cellulose (RC) membranes, which are widely used in diverse in-
dustrial applications, have excellent antifouling performance due to their
hydrophilicity. RC is a material modified by converting the ester group of cel-
lulose acetate (CA) with a hydroxyl group, and CA can be hydrolyzed by im-
mersing the alkaline solution. However, a decrease in bovine serum albumin
(BSA) rejection occurs by directly immersing CA because the alkaline solution
deteriorates the structure. Herein, we report how to rearrange chain formation
by adding hydrothermal treatment before the hydrolysis step during the prep-
aration of membranes. The hydrothermal treatment step before hydrolysis can
provide structural integrity to the membrane as well as fine-tune the pore size
and it achieves 98% BSA removal and a flux recovery ratio (FRR) of greater
than 90%.
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Zwitterionic Hydrogel Electrolyte Building Separated
Positive/Negative lon migration Channel for Aqueous
Zn-V,0s Batteries with High Reversible Zinc Anode

Joon Hyub Lee'?, Jong Hak Kim? Jung Hyun Lee'*
'Korea Institute of Energy Research (KIER), Energy Storage Laboratory

Yonsei University, Chemical and Biomolecular Engineering

*E-mail:_ junghyun279@kier.re.kr

Ideally, the hydrogel electrolyte should exhibit suitable ionic conductivity,
mechanical strength, and inhibit hydroxide formation due to hydrogen evolu-
tion reaction(HER) for long cycle lifetime. In this study, a zwitterionic
2-Methacryloyloxyethyl phosphorylcholine(MPC) monomer is co-polymerized
using acrylamide and bis-acrylamide (as a crosslinker agent). Synthesized
P(AM-co-MPC) co-polymer exhibits a excellent mechanical strength and HER
inhibition effect, high ionic conductivity properties. The intrinsic zwitterionic
groups on MPC chains can provide separated ion migration channels for pos-
itive and negative ions, which largely facilitates electrolyte ion transport. Thus,
A Quasi solid-state Zn-V,0s p ouch battery with a fabricated zwitterionic hy-
drogel electrolyte exhibits a very high rate performance and cycle number.
Also, the fabricated pouch cell still operated at various bending angles and
cutting.
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