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=5 2 AFXe A dsi-EF X4 Sol2ndute] AlxE $Iste] isophthalic acid (IPA), 1,6—
hexanediol (HDO), terephthalic acid(TPA), maleic anhydride MA) ] €8 353 "ol o8] IPA—co—
HDO—co— (TPAMA) (HTM) 35845 Jai8ich 9 IHTM 35384 oflsh #h8-2 trimethylamine O &
siglom, UV 7k whe-2 Bajo] golemdute Alzsidtt THTM 353812 73 2 9ed4e FTIR, 'H
NMR, TGA #4& Fate] 18ISt B3k IHTM Sol2u8hhe] g, o] w3k A7 AE, AdEss
S, 27 9 LCR "HE SHeglon, duhhr disi-55 X9 a8 A3 aiglth 2o oleushew
A7NAE, ANAEEE 242} 1.10 meg/g, 1.98 Q - cm?, 0.009 S/cmE 53814 VEbten], duhbg dSA-35
5 AR T - EE AgES 9 ouXESES 47 96.5, 74.6, 70.0%°131Th

Abstract: The IPA—co—HDO—-co— (TPA/MA) copolymers for all-vanadium redox flow battery were
synthesized by melt condensation polymerization using isophthalic acid(IPA), 1,6—hexandiol (HDO),
terephthalic acid(TPA) and maleic anhydride (MA). The amination of chloromethylated IPA—co— HDO—
co— (TPA/MA) (CIHTM) copolymer was carried out using trimethylamine, and the anion exchange
membrane was also prepared by UV crosslinking reaction. The structure and thermal stability of
IHTM copolymers were confirmed by FTIR, 'H NMR, and TGA analysis. The anion membrane properties
such as water uptake, ion exchange capacity, electric resistance and electrical conductivity, were measured
by gravimetry, titration and LCR meter. The efficiency of the all—vanadium redox flow battery was
analyzed. The ion exchange capacity, electric resistance and electrical conductivity were 1.10 meg/g, 1.98 Q +
cm?, and 0.009 S/cm, respectively. The efficiency of charge—discharge, voltage, and energy for the all—
vanadium redox flow battery were 96.5, 74.6, 70.0%, respectively.

Keywords: IPA—co—HDO—co— (TPA/MA) copolymers, all—vanadium redox flow battery, melt condensation,
anion exchange membrane, water uptake, ion exchange capacity, electric resistance, electrical conductivity.

N o B 5 Aol 77} AE T Sl e A8 AR

tlsA— 55 Aol viel] =A] Al FEO R At ok

A A o= 31 o)) FEdo] vhebdel uket 44 ofd 7¥ak 2= Qi) 3|, B4 24 0] Falel] o3t Edlo] zlojof she] e
S 5= Sl el el 77 Sl A| Hgiek 31 oy Eapdo] 9235} uho] |27} 7Fsslol itk B4, S-goly) HESR-

Az AFebell 24 9k FFS 7] vheell 7, F, Bk 2 A

FAH| 9} 3 g ALY el Tl -
Ei-55 A

719 shhes vl NASA, 9] 4k

4] (redox flow battery, RFB)+=

o] g Sk
A7 oA A

gk

Al AAET A2

TTo whom correspondence should be addressed.
E—mail: tshwang@cnu.ac.kr

593

HAo] Blal 7o) iago] k- ofR] gfo] 2 =< sidolth
A, 73 24 N 5= 5 T ATk ©] Al 7] A 2ok Fel=
o7 &gl FEE A vXE o]wFhle) dist ATt Ehis)
S A =

Al e S5 ARl 288k ol Bk Daramic, Selemion
A1 CMV B, SelemionAt AMV 2} 72]37 DufoneAk] Nafion 5©]



594 AAA - 2 - 3

QItk BlEsA-5 5 X o] 2u gk HR Holg<4 23 it
A =45 AREREL Qlo] AEFIIE =8 Uk, kel s+
ok star A7 148 W kAl A, sk 9 71A1A Edo] ¢
ol dR)2] 4 Ul 71 Aol Fast ks sp Alx 7o) A
SelemionAFe] CMV 23} SelemionA}
AMV 22 VRBeIA UqAdo] wto DufoneAke] Nafion Bl v}
F ol Falol] eJ3k ofuix] F&o] vk o] glrE !
wpx] 2 AellAE o) 5L] Ts /NAsle] VRBE SAE A
== olewdlEkS AFsl] $18lo] st oR kgt WEET1E 7t
A glem Exwugs) vkg ofylg) vk3o] 7153 isophthalic
acid IPA) ¢} 1,6—hexandiol (HDO), terephthalic acid(TPA) %
maleic anhydride MA) & ©1835}0] [PA—co—HDO—co— (TPA/MA)
(MHTM)E gd3}aL chloromethyl methyl ether (CMME) 2}
trimethyl amine (TMA)-S o]&3lo] FE3A|ol| o172 T9lsi]
aminated IPA—co—HDO—co— (TPA/MA) (AITHTM) <°]& w$h
ukS AZEgit) sk o]50] LxEIS 915e] FTIR, 'H NMR 2
HEHS #5160 H TGA 48 3ol s Sl
kA A|lzsk AITHTM Sol2wdhee] 38, ol 2wdhas W%

5 A RSES S48510m, VRB 8482 Ak

4

Alek gl 2. B 28o) ARE3) isopthalic acid (PA)E Tokyo
chemical industry (Tokyo, Japan)AF2] 99% SE5AIekS ARSI,

Table 1. Synthetic Conditions of IHTM Copolymer

1,6—hexandiol (HDO), terephthalic acid (TPA), maleic anhy—
dride (MA), Aldrich(New York, USA)AF] =% 99% S5A12kS:
AM3IIT). B3t chloromethyl ethyl ether (CMME, 95%), trime—
thylamine (TMA, 45% in Hs0)< Aldrich(New York, USA)ARS] &
FARS ARSISITE BEst UV ZXAIR AR hydroxy dimethyl
acetophenone (¢} HP—8% A3 3} 2 4 6—trimethylbenzoyldi—
phenyl phosphine oxide (13} TPOZ *¥hH -2 Miwon specialty
chemicalAke] 97% LFAloks: ARSI 7hiAE ARG pen—
taerythritol tetraacrylate (©]3F PETAZ #3%h &= trimester”} 10~
40%7} Z3F Aldrich(New York, USA)AR] Alokgg AR319)0.
™ hydroquinone (013} HQZ &h 2 Aldrich(New York, USA)A}
O] % 99% EvAlokE ARSI A% S fleh &0l dimethyl
acetamide (18} DMAc® &)+ Duksan Chemical (Seoul, Korea)
AR =5 99% SEAIokE AREBISIk ol 2wEke] JIAE TR AL
€% nylon—6,6 mesh Yamanaka IndustryAF2] 57| 60 um2] Al
F& ARSI 7TER Aok 13 AlekS: A Glo] AREsISict
BEEH2| . IPA-co-HDO—co— (TPAMA) (HTM) 355
A dsl7] I8l Table 17 8- W o® 20| S35
< F3to] FsISIt 47+ Z=ka w7 ol RSl B Qs deEAE ¢
I A4 7971 Blelr] gho] Frgal] A Wik s2sigict §o] £
AR G- SFFHS ol83lod 220 Colld] 8AIRE LRF 12} RESATA
o} 3 A W9E F3= Dean—Stark FAE 018310 A7t
22 HEgolME 255 140 T2 Wil MAS TPAS ¥ &
220 CE A S23tal 8AIRE &2t HEGAIFHLE o] wf 314l

Code No 1st step 2nd step Temp. (C) Reaction time (hr)
" IPA(mol/L) HDO(mol/L) TPA(mol/L) MA(mol/L) HQ(mol/L) 1st 2nd 1st 2nd
IHTM-1 1.0 3.73 0.33 0.67 0.001 220 220 8 8
IHTM-2 1.5 3.73 0.33 0.67 0.001 220 220 8 8
IHTM-3 2.0 3.73 0.33 0.67 0.001 220 220 8 8
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Figure 1. Synthetic scheme of IPA—co—HDO—co— (TPA/MA) copolymer.
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Table 2. Amination Conditions of Chloromethylated IHTM
Copolymer

Code No. CIHTM(g) TMA(g) DMF(g) Temp.(C) Time(hr)
AIHTM-1 50 30 100 30 1
AIHTM-2 50 30 100 30 2
AIHTM-3 50 30 100 30 3
AIHTM—-4 50 30 100 30 4
AIHTM-5 50 30 100 30 5

Table 3. Comparision of Characteristics for AIHTM and AMV
Membranes

Item AMV  AIHTM Membrane
Thickness (um) 130 150
Water uptake (%) 20 55
Ion exchange capacity (meq/g) 0.9 1.10
Electrical conductivity (S/cm) 0.007 0.009
Electrical resistance (Q + cm?) 2 1.98
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Figure 2. Amination of chlorinated IPA—co—HDO—co— (TPA/MA) copolymer.

Polymer (Korea), Vol. 35, No. 6, 2011



596 AAA - 2 - 3

o] elolet w7k Hykele] 218 AGNO;© & Faled 4] (] )
3] Solewstute] o] ew kg ek Aptsigict P

IEC (meq/g) = Wagno, xCagno, g ®)
dry

A7V Wy 71358 2] T, Vagnoes A2 AgNO3z9| -3,
Cagnos= 27800 AREE AgNO3 §99] FLolt},

ato| MIIME SH. ofusld oleuwdute] WrAES S5t
7] 951 HIOKI AFe] Model 3522—50 LCR meter (Japan) & ©|-&
3] 2—compartment celll] 24A17F F<2F 0.5 N NaCl =20
FAAZ 15 emX 1.5 em 2719 SolewdHks st - 05 N
NaCl Hal|olg A ¢ vhe] 7148 S (/) 3k, NaCl dsid
L] Agks SRl A (3ol gJal Sol&mdkte] H71A
g gk eIk’

ERQ-cmd)=(R-R) - A 3)
HIIMEE £, ofsel Solemdle] A/ HEg S4sl]
sl AT Sol2wshe] A71AE 3k o]gsle] o 4 (4o
A&l NS ARSI
L
Slem) = @
o(S/cm) e

A7V L2 B Tl (em) & ERACE 3 ERS 2He] W7)A%
@o]i A= wko] a2 (cm?) < VRt

gtol VRB WM &8 AIE. Sol2wdhe] VRB &8 AIFS
Il MaccorAke] Maccor 40008 o830 &8 2742 XS
T} ol&wshute] nkgo] Qlofui= WAL 6 cmo]1l & - RS A1F
gk ujl 2.0 mol/L V(AIV) £ 3 mLe} 2.0 mol/L VA €4 3 mLE
carbon feltel] U8} AFHZIE o] 231 carbon feltol] Ho Q=
Zlo] 715 ebds] AASE Sl A3e JSIct F - v Al A
o] Hae} FAHE 22 1.6 Vo 0.8 VE 11785190 ARdss
20 mA/cm*OE 3lo] FHFHAS 1003] WHEsle] [HTM o]&wdhat
o) W EaT} U EE 9 Atas-S ek

2ot H EE

FxERl IS IHTM s3] e SRish] Sl
FTIR AFEHS EA5190=t] 21 277} Figure 3l YRt 9k
Figure 3(a)¢lA] ¥i= ulo} 2o] 30603} 2941 cm™' H-ZellA] IPA
¢ C-He} MAS] C—H @ HDOS] CH, A1%%1% 937} VR
3450 2 1712 em™ "ol HDO #2hl OH @ C=0 S49])=17} Vet
Uiz 1435, 1058 cm ™ 'olk] Z12F C—0—-C tha} njehd A52s
)37} VERtE B8 1637 em ok MAS] C=C o523 937}
LER K= 207 Hol ITHTM %53 $HdEIke-s E.1e 4= 93]
t} 3k Figure 3(b)+= IHTM 353A12] ofla} ukgo] 23t ol
9] =RJodRE BRIsE| $18l] F243H FTIR 2~ZE- 2 Figure 3(b) |
A 1= ule} o) omisl | el we IHTM 353l LR
o3 N (CHa) 30l 218+ 51227} 1000 em™' F-2olx] vER}az 700 em ™

EgH, #3548 A63, 2011

of}2] C—Cl B9z} Alghs 2102 Hol THTM 35 aAle] okl
5} Whgo] 1= QLS-S gR1g &= QIolck A [HTM 3532
AAQ] T2 FR1S gJele] 'TH NMR AFEY 2AS a9l=] o=
6.5~9.0(m, 5H, aromatic H), 5&=2.4~2.8 (m, 2H, CHCD), &~1.7~
2.0(m, 2H, CHy), 5=4.0~4.3 (m, 2H, C=CHy) 3]=17} LR }= 70
F RO HTM 35347 =SS thrlghi glish 4= Qlgich

QM. opyiske ol el vist udS Erlsk] St
o] TGA B4 31511 -1 A7} Figure 49 YeR} 9ltk Figure
4oflA] Bz vlgl o] [HTM Sol&w ke 100~150 CoflA] 2te]
Agallell oJall oF 5% F=o] T} Lofwkom, 150 T odel]
A of17]9] gee] ogt ARslzt AlRtEglom oF 10%2] 57t
27} Qofyith $hH 345~550 Colld] HTM 358 FAK:S] &
Hell 213l ©F 40% F7tAv} Yolwtom, 550 T ool F3t
F o= Z10= Hol IHTM uhe] sz} ¢ds] o] 35S &
Qg &= QgL

a8 5. 582 olwdiute] o] ] vig- Stk Ql
Aole}. wpebr] B AFelM L Alxst opnske ol wdute] S8
S =519t 1 A3} Figure 50 YR} 9tk Figure 5ol B
e} o) ol wghe] S=g-2 oldl A7k} TRkl IPA2)
7t Sl wet SV AES Bolon, IHTMS g8

<

&

-N(CH;);

Transmittance(%)

4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)

Figure 3. FTIR spectra of IHTM anion exchange membrane:
(@) IHTM; (b) CIHTM; (c) AIHTM.
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Figure 4. TGA curves of IHTM anion exchange membrane: (a)
IHTM-1; (b) IHTM—-2; (¢) IHTM—-3.
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Figure 5. Water uptake of IHTM anion exchange membrane:
(@) IHTM-1; (b) IHTM-2; (c) IHTM-3.
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discharge efficiency; (b) voltage efficiency; (c) energy efficiency.
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