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2 2 B A7, #d(-) 2 EEPB) TERE e MR FFE EYoIWEE  NN-bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid®} pentanediol& 712 A E A3t A2 ET WS 3o RgR) 4L p I p- X5 F
TG EHIPIER AZSAT. £F4VY 2AC F3 YERE HolE o] eu¥s e - F b &3 TFF 2o
mEd A M2 vl AeS etk Ft2 844k 7)9 dimerization % EEF tndAL, JlunHA S p £E3
TEY FeolvE REAY Hi A AGE TaAZon, ARFo R g8 HeEge EAEE - 23 FFY 29
ojMiERT ZAaAAT FAI, L&A Hat ArE AY Fas O FHT fixed-charged ©]29 FHFH S /AR,
ol#A %ot fixed-charged ©]-& WEE b- &3 T3 ZPon| =9 Fa0e ARRS F4o Nttt 7tuA 9
LEA T2 FBQlOl, TtRTFRY EYL TEA A& B AYE AAAFL, dEe FRES G i),
Faole AEEE FAFE AEFE YehldEr, o)s Fa0]29 AES F33tE 144 Ado] aRxoz ¥4 B
F Q7 Eolth, 53, 0|33 A &FAE I JMRAR JtuR, - €235 TFY Zo|n oA 54 e
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Abstract: In this study, crosslinked copolyimides with random (r-) and block (b-) structure were fabricated using
N, N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid and pentanediol as crosslinkers. Linear - and b-sulfonated copolyimides
were also fabricated for comparison. Ion exchange capacities of r- and b-copolyimides were very similar to each other
owing to their strong dependence of sulfonic acid content. The physical crosslinking via dimerization of carboxylic acid
groups induced a reduced average interchain distance in b-copolyimide without crosslinkers. Consequently, its water uptake
and methanol permeability were lower than those of r-sulfonated copolyimides. Simultaneously, the reduced interchain
distance increased the content of fixed-charged ions per unit volume. The high fixed-charged ion density contributed to an
enhancement of proton conductivity in the b-sulfonated copolyimide. Crosslinking caused the reduction of average
interchain distance between polymer chains irrespective of types of crosslinker and polymer structure, leading to low
methanol permeability. On the contrary, their proton conductivity was improved owing to formation of effective hydrophilic
channels responsible for proton conduction. In particular, this trend was observed in #-copolyimide containing a fixed
charged ion.
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1. M2

1,4,5,8-Naphthalenetetracarboxylic dianhydride (NTDA;
Aldrich), triethylamine (Et;N; Aldrich), benzoic acid
(Aldrich)9} m-cresol (Aldrich)2 F&te] AH&3HTh.
4,4"-Diaminodiphenyl ether-2,2"-disulfonic acid (SODA)
T eZ3E A7t foldt=E Y ¢EZFPHL Tt
o FAHSTH14,15]. 3,5-Diaminobenzoic acid (DBA;
TCH$ 7FaLA|Ql N,N-Bis(2-hydroxyethyl)-2-aminoe-
thanesulfonic acid (BES; TCD)& AH&3l7] Z 80°C X
T 22 oA Az Fo AHGHSIT ® TE It
AR 1,5-pentanediol (CsH; OH; Aldrich)& 7% %
0 A flol Agsttt 4 9FA 9 F=E Fig. |
A &I &+ Sl

2.2, ¥4 o ot M=
2.2.1. Jia=x| gg WY =ES SFE
(r-HYU-1)9| &t

oA g% &4 A3 EsN 0.96 g (9.6 mmol)
o] 718 14 mLY m-cresol & &2 A& 4T o
ofH1 0 & 0.576 g (1.6 mmol) SODAS} 0.3652 g (2.4
mmol) DBAE £1lo] Y& & mutNZT 413 &
qe AL AT F, £ =E 0.68 g (5.68 mmol)
benzoic acidE& #7131, HFEFEZ 1.072 g (4 mmol)
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Et;NHO;S o} o im ot d o Jim
R
Crosslinking Agent
?
0=C
SO4HNEt; o o o o
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243

SO
180°C, 20h ’ R O R NH,
HN o NH, + ¢ ) o+
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Fig. 1. The Reaction scheme and the structures of crosslinked sulfonated copolyimides (HYU-1 with no crosslinking agent,
HYU-2 with crosslinking agent having no sulfonic acid group, HYU-3 with crosslinking agent having additional sulfonic acid

group).
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=g Azt

2.2.2. JlusX o2 8 SE8 33 S2looj=
(b-HYU-1)9| &

NTDA, SODAS} DBAE H713te ©A49 ¥l
g 85 £F3 F3¢ EHomzrt AzHUG. F,
Aa B9Y7] st A 0.576 g (1.6 mmol) SODATHE: 14
mL m-cresol¥} 0.96 g (9.6 mmol) Et;N©|] £&H 47
Zgtrzo YA T wAA A LA
o] & 0.68 g (5.68 mmol) benzoic acid® FA 1.072 g
(4 mmol) NTDAE E=YAA aitAZT. EFE&9 9
48 g8 T, F2oM 142 wEAH SODA-NTDA
Z FAE ogaEgoel A=ZHIYT o]F, 03652 g
(2.4 mmol) DBAE 7}3l} NTDA-DBAR T4 € o}
BAEY S F7EE A ZIAT ol F, 80°ColA 4 AT,
180°C oA 20 A7t F<¢ HEEAA, EE F2& 71X
E &Z3 F5Y EYoU=E AZRIIAT. o E FT-

R 24EPE ol§3te] thgd} go] AT

IR (KBr, em™): 1710-1680 (C=0), 1580, 1470, 1390
(C-N-C), 1350, 1250 (S=0), 1200, 1080 (SO5), 1030,
983, 740-700 (O=C-N).

2.2.3.

7ln AE ¥ EE £Es 35E Ezlojo=
(HYU-2 and HYU-3)2| &M

S AzE Z £Z8 FFEAE m-cresolo] AL
AR F, 160°CE s AT ol F, 7FaLAQl 0.2559
g (1.2 mmol) BES ¥+ 0.1250 g (1.2 mmol) 1,5-pen-
tanediol & T4, 4AI1ZF & HHEAIA, 7R T RE XY
e 99 () 2 EF (b)) €238 FFY EPov=
298 Azsgch. 474 HYU-29 HYU-32 3384
thFig. 1. &%)

2.2.4. Y=} A2

AzH &3 ZdolnE §9g FEF Yo 7l
g & ZAFAENA 80°C 1A17L, 180°C 1047t
Hog dAHYANA F& AX3H) olF, Az
EtNY 8o & 247 vge 9388 3 2
FEUE AASAD. EeNE S F4012HH 2 23A
7171 8 1 M GAHEYel A SAT A8, A4z
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Fig. 2. AFM images of SPIs: (a) - and »-HYU-1 (b) »- and b-HYU-2.

Table 1. The water Uptake Values and the d-spacing Values (A) of Sulfonated Polyimide Membranes

Type of SPI Th[i:lknrll]ess Initial[g\iveight Final[ ;s]/eight Water[ (;::Il)takea d—Spac[iI;Xg] value®
r-HYU 1 30 0.75 0.972 333 421
b-HYU 1 25 1.69 2.198 332 3.67
r-HYU 2 30 0.80 1.094 37.8 3.86
b-HYU 2 27 1.98 2,616 34.5 3.71
r-HYU 3 25 1.41 1.934 425 3.75
b-HYU 3 25 1.82 2.432 33.6 3.64

Nafion 117 183 38 not measured

a. measured at 25°C in 90% RH.

e @A g 2UTRE BEE) A5k Mg BE detiz o, b3 FHolviEs A &
Ho} trh{16-21]. Fig. 2% b- % r-£E8 F3Y £ Aol AL diHeg Frkske Zlo] dEHIU.
o= F, 7tRHA % HYU- 13 £E/1E 24 VAL b-3FY Felolvi=e 5% 2E71zte vjAl%
%= 7tRAZ 7hRE HYU-29 AFM imageE veh) 2 729 4oz d9E F Utk =Y, h-FFH
3 ik HYU-39) Afele 333 Eolves] & ZYoME FANAE 7tRHA e HYU-194 o &
L& AFER IS, AFM images EFste T TR 9 T2E e AR BEHUG. oHF
gto] F9 £EE FtH FEHT Yol wA e B, b-TFY BV EdAE ZE 4=
Q). o2 Aste], r-HYU-39] A4A8HE imageE 2A ZHgol 2@ gl dojuw, Zturt AL A%
Fotol, & =RAAE At Fig. 2914 Be7 de 7tnHA @gke g vt JHes 4
£ AAY, -35Y TYolrse IAHCE 18 % EAFHE Udebils Ae #EE F YU
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Fig. 3. The characterization of »- and b-sulfonated copolyimides (HYU-1, HYU-2 and HYU-3) (a) Wide angle X-ray diffraction
(WAXD) patterns recorded at 2 between 5 and 50 by the reflection scan with nickel-filttered Cu Kea radiation. (b) The proton
conductivity measured at 80°C at 90% RH. (c) The methanol permeability measured at 25°C with 10 M methanol solution.
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Table 2. The IEC Values of Sulfonated Polyimide Mem-
branes

Thickness IEC* Proton conductivity

Sample (um)  (mequivig)  (x107 S/em)
~HYU 1 30 1.90 6.49
b-HYU 1 25 1.92 7.58
~HYU 2 30 1.45 6.53
b-HYU 2 27 1.43 5.38
~HYU 3 25 1.94 7.43
b-HYU 3 25 1.93 6.9

Nafion 117 183. 0.90 5.09

® measured using the back-titration method.
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Fig. 4. The proton conductivity of sulfonated copolyimide
membranes as a function of temperature at 90% RH: - and
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spectively. Nafion 117 (@) as reference.
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