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Abstract: Aromatic copolyamides were prepared and their applicability to proton exchange membrane
was studied. The copolymers contain two segments; thermally stable and mechanically strong poly (p—
phenylene terephthalamide) (PPTA), and easily processable and good film—forming polysulfone. For
the copolymers, different ratios of amine—terminated sulfonated ether sulfone monomer, terephthaloyl
chloride, and p—phenylene diamine were sequentially reacted. The obtained copolymers were mixed with
trimethylolpropane triglycidyl ether (TMPTGE), thermally cured, and converted into proton exchange mem—
branes for fuel cell application. The reactions at each step and the molecular characteristics of precursor
copolymers were confirmed by 'H NMR, FTIR, and titration. The performance of the membranes was
measured in terms of water uptake and proton conductivity. The water uptake, ion exchange capacity (IEC),
and proton conductivity of the membranes increased with the increase of sulfonated ether sulfone segment
content. Membrane containing 60 mol% sulfonic acid sulfone segment showed 1.88 meq/g IEC value. Water
uptake was limited less than 110 wt% and the highest proton conductivity was up to 7.4X 1072 S/em (25 C,
RH=100%).
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7H]az Qlt). ¢lE- E9, sulfonated polysulfone (SPSF), sulfonated
polyimide (SPI), sulfonated poly (ether ether ketone) (SPEEK),
sulfonated polybenzimidazole (SPBI), sulfonated poly (phenylene
oxide) (SPPO), polyphosphazene -2 71 ]2 & 4= Qt}®
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Al2F. 4—Dichlorodiphenyl sulfone (Aldrich, 98%), sulfuric
acid (fuming, 30%, Aldrich), 3—amino phenol (Aldrich, 98%),
potassium carbonate (Aldrich, 99%), 1,4—phenylenediamine
(Aldrich, 99%), terephthaloyl chloride (Aldrich, 99%), trime—
thylolpropane triglycidyl ether (Aldrich, tech. grade)+= HE2
AAGle] ARgslel gHl= AR toluene (Samchun Pure Che—

mical Co., Ltd, 99%) ¥} dimethyl acetamide (DMAc, 99%,
Samchun Pure Chemical Co., Ltd., Korea), dimethyl sul—
foxide (DMSO, 99%, Samchun Pure Chemical Co., Ltd., Korea)
= calcium hydride® -5 AAS 3 743 SRH3te] AT
Triethyl amine (Aldrich, 99.5%) ¥} ZA-gwll2 A2 chloroform
(99%, Samchun Pure Chemical Co., Ltd., Korea), dichlorome—
thane (99.5%, Samchun Pure Chemical Co., Ltd., Korea), isopropyl
alcohol(IPA, 99.5%, Samchun Pure Chemical Co., Ltd., Korea)
= HE9] AGAlglo] ARgsIsith

S-DCDPSQ} S-DADPS Ch2i|2| &HA.*** 4—Dichlorodi—
phenyl sulfone @Al <<E315 A17]7] I3l Harel vfel go] \E
259t} 4—Dichlorodiphenyl sulfone®} 2F13AH6E0 mL, 30%
S03)& 500 mL round—bottom flaskel] ¥-2 ¥ 6417 E2F 110 C
sleflA] mRkEISATE Sulfonic acid 152 78-¢+ JARF Wk X3
Higol ofato] FatER=t)], MASAEE: o83k ¥1-3-& F3l sulfonation
HEgo] ZYEr), RES-E-S A2 07 23] & 2k S5HT5 718
a1 #E2] NaClZ salting outAAF O ZH 3] HHES A
< 7 Utk 2ME v BES=S 10 N NaOH 802 A3}
AA Fa1 b 381 NaClZ salting outA]AZE: FHESELQ] NaCle
Slel7] 18l S=rsl IPAZF 30/70(v/v) O 4191 gl 23] o Al
ARE et AR RESES FdES & xSl o5t sul—
fonated dichloro diphenyl sulfone WIS Lo =82 2+ 60%
gEo] ek

919] Rkg-2 &3l Folx proton?] olF FE<! ionic TS 7H
sulfonated dichlorodiphenyl sulfone ®&A) (sodium salt form)
4.91 g(10.0 mmol)-& 3—aminophenol ¥4 2.40 g(22.0 mmol)
¥} potassium carbonate 1.80 g(13.0 mmol), DMSO 40 mL,
toluene 20 mL$} 37 Dean Stark trap<- £l 2l Akellelld] 160 C
oA 8AIZF WESAIZ] B~ B3} tolueneS €3] AAS T 170 C
oAl 12413 W& Al71H 3] Wakss X|3kg-5 oA dch
(Scheme 1). ¥+ % 2283 NaCl3} KCIS- HEIE 53l de] FaL vt
SES [PA°) FAAA sulfonated diaminodiphenyl sulfone ©HEEA|
(sodium & potassium salt form) & 431tk Potassium saltE
$lollal sodium salt form ©Z1Fe] W=EAIE wH57] ¢4l acid form
07 W7 vk thA] sodium form @& o] 0k 71217] $)

HN OH

Il
o

Na0,s 10.0 mmol

22.0 mmol

(1) DMSO 40 mL.
Toluene 20 mL
K,CO; 13.0 mmol
160 °C 8h
170 °C 12h
(2) HCI(37%) 20 mmol

SO;H

QOQEGOQ

o
l (3)0.1 M NaOH

Scheme 1. Synthesis of S—DCDPS and S—DADPS.
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3 24A13F 52 30 CoM A% F acid form 2 WH=7] 98] HC
15.7 mmol(37%, 1.49 g ¥} sulfonated diaminodiphenyl
sulfone T 5 g(7.85 mmol) & WRE ¥ FEJSkaL S5l Al
2A7%S ek g8l 01 M NaOH 4843} sulfonated
diaminodiphenyl sulfone SIS WHE 9 [PAC] A7 dE
< Azl S dglor 82 oF 85%° |3t

opRicz WCislE MY IFEHC M. FIEFTES 3l
Scheme 22] ¥k$-3} 7+o] aromatic amide?] segment$! 1,4—
phenylene diamine®} ionic ~155-2 7} sulfonated diamino di—
phenyl sulfone THFA|2ke] S E 243 o] weHaaks =4
319131 repeat unit®] & 28317 21&l Table 104} 7o) oRlz}
terephthaloyl chloride®] 3-8 %230l S—PPTA (sulfonated
I ekl Q= PPTA) & $/38isict. =17t 6:4, 2
ok 2000, = 43| Y&l 1,4—phenylenenediamine 1.8 mmol
3} sulfonated diaminodiphenyl sulfone T 1.2 mmols DMAc
20 mLell 3521 $- Hkg- Foll W= HCLE: S8 AT ] $18l triethyl—
amine 0.56 mL (4.0 mmol) & Fo1FaL 30+ &<k X1, 0.22
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Tk 9k 10383 A= 9aL 2.0 mmol®] 1,4—phenyl-
enenediamines 3718l FO2H 1A ofloR UTSIAIAT
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& eI
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Scheme 2. Synthesis of diamine—terminated random copolymer.

Table 1. Monomer Feed Ratios for Random Copolymer
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% Ao =2 Ea) 33| droppingA A FACE 2417 E9F wHA A
Z % 1,4—phenylenenediamines golF ¥ 3087 HEgo] 713y
F337 2.0 mmol®] 1,4—phenylenenediamines 71sll=0] &
] ol o2 WesiAlA ek vEgo] Ek $ 200 mLe di—
chloromethane®ll 27111 filter ¥~ triethylamine®l] 2Jal AE
saltE AAET7] 218l methanolell =21 ¥ chloroformel] A137dsk
I filterst ¥ 74333k 81% 2] 55 YERISIT

Table 20X} o] T=kA|] ks d3lo] o] 2w ehg=fa)
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Scheme 3. Synthesis of diamine—terminated sequence modified
random copolymer.

Table 2. Monomer Feed Ratios for Sequence Modified Random
Copolymer

PPD S-DADPS TPC M, IECC M

PPD S-DADPS TPC M} [ECC MY

Samples o) (umoD)  (mmoD) (g/mol) (mmol/g) (gmo) Samples (o) (mmob)  (mmoD) (@/mol) (mmol/g) (g/mol)
S—PPTA 8:2¢ 2.4 0.6 2 344 1.16 1720 S—-PPTA 2:3¢ 1.2 1.8 2.5 555 2.16 6105
S—-PPTA 6:4 1.8 1.2 2 449 1.78 2245 S—PPTA 2:2 15 1.5 2.5 502 1.99 5522
S—-PPTA 4:6 1.2 1.8 2 555 2.16 2775 S—PPTA 2:1 2 1 2 414 1.80 2070

“Ratio of PPD: S—DADPS. ®Molecular weight of repeating unit (4, of X unit X
molar ratio of PPD+ 4, of Y unit X molar ratio of S—=DADPS). ‘Measured
after soaking in 0.1 M NaCl solution 24 h and then titrated with 0.0129 N
NaOH solution using phenolphthalein as an indicator. Theoretical mole—
cular weight (M, of S—=PPTA 8:2; 344X (1+n/(1—0), r=2/(2.4+0.6)).

Eg|H, #3548 A23, 2011

“Ratio of PPD: S—DADPS. *Molecular weight of repeating unit (M, of X unit X
molar ratio of PPD+4, of Y unit X molar ratio of S—=DADPS). ‘Measured
after soaking in 0.1 M NaCl solution 24 h and then titrated with 0.0129 N
NaOH solution using phenolphthalein as an indicator. “Theoretical molecular
weight (M, of S=PPTA 2:3; 555X (1+1/(1—n), r=2.5/(1.2+1.8)).
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Figure 1. 'H NMR spectrum of diamine terminated macromo—
nomer in DMSO— d.

5 AFE12] NMR spectrums 9 4= ATk

Figure 1< proton®] ©]& E%<] ionic 155 7F sulfonated
diaminodiphenyl sulfone ©& (sodium salt form) <] 'H NMR
spectrum= YERHRIAL Sulli= DMSOS ARESIIT) i Hlak
= 2|3}k HES-w =)= sulfonic acid ©319) proton®] 8.17 ppmel|
A] singlet, 7.6 ppmell4] doublet, 6.8 ppm®l4 doublet®Z L}E}
131 aminophenol”]el] 215 proton®] 7.02 ppmolA triplet, 6.36
ppmeIA doublet, 6.23 ppm@lA singlet, 6.19 ppm doublet .2
A3 AH8)E JeER}l diamine ¥ 7} 5.25 ppmeollA singlet
O THE proton?] 28] HIE2] AEH|2 vERdel wet S-DADPS
7 & RS Rojsr) 2 ATelid= Kevlard 1A mem—
brane © & AMg3l7] whie] para HEle] S—DADPS7/F™* #2182
o AziElo] VS Alsial ot Al work—up #Fdelld product
£ 37t A sk

olRlo=z witislEl MY ZFEAC| Y 2 2AM. Figure 204
15105 ppm¥} 10.1 ppmellA] ofrle]= Astef] oJét 1.9} oFy
o] oo FojQivh= 21 5.24 ppm¥} 4.90 ppme] oFl I
o5 1%t 4= Qltk. p—Aramid AKE2] o] WoldS= H-
bonding © % <13l 10.5 ppm {22 opije|= 9|77} of2] A= 2
A= A FRIEII g8t AwHE 47171 ol Stk

oFhte] obl 935= 5.24 ppm3} 4.90 ppmeiA ERIE 4= Q=
t] S-DADPS?] 3go] Wold4= 5.24 ppm<] I3 2317 A
A= 248 #1e F 99lrk S-PPTA 8:29] 739 S—=DADPS?] o}
9l 9317} PPDE] oyl 9]3RT} o ds] 1 & AHlE Hol=d] 3
F 27t Felle B8l S-DADPS?] wkgAdo] PPDHL} 2
7] witel AlE oM vERR= 2 gRIgE = QIS

o213k REg/34] Aol AdES] Ballwell & FES 713 p—
aramid AR=2] SRl 40% oPdd 79 437} Sot film casting
<= 3l &fel] ol el QlofA] ofeol ST

olFIe= UCISIEl Modified Random Copolymer2| & 3 2A.
S—DADPS®} PPDO] Hke-d Aol Q1% gelie wAlE 7iAdstaL

Polymer (Korea), Vol. 35, No. 2, 2011



110 7214wl .

a a ! 2 : SONa b
RSN ¢y 8 185 > PN

S-PPTA8 : 2

S-PPTAG : 4

3

2
| 1 SPPTA4:6
110 105 100 95 90 85 80 75 70 65 60 55 50 45
ppm

Figure 2. 'H NMR spectrum of diamine terminated random co—
polymers in DMSO— d.
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Figure 3. '"H NMR spectrum of diamine terminated modified
random copolymers in DMSO—dj.
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Figure 4+= diamine terminated
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Figure 4. FTIR spectra of diamine terminated modified random
copolymers.
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Figure 5. FTIR spectra of diamine terminated modified random
copolymer, its compound before cross—linking, and the film after
cross—linking.

modified random copolymer2] FTIR spectrum®]t}. 1600 cm ™
oA opn= Agte] N—H Age] =7} vehdar 1250 cm ™ ol A
sulfonated ether sulfone A|-7HE?®] %)= diphenyl®] ether band
o] £4= w7} 1150 em™ ' elxlE= sulfoned] S=0 &5+ W7} veht
= 708 FR13 4= QJIgie) B3k sulfonated 155l 23k asymmetric
stretching®] 1080 cm™ ‘oA, symmetric stretching &< w7}
1020 cm ™ ellA YERR= 212 E)188I) Sulfonated 138l ©]%
F e S-DADPS?] o] BETS 939 intensity 7} A
A A5 2RIE = St

Figure 5 ¢4 % diamine terminated modified random
copolymer®} 97101 7}wA|Ql TMPTGEE Eol5:31S wl, 181
4 7l 3 7wl wEe] FTIR spectrae|ch 7Fu ARl TMPTGE
9] epoxide ~1Eol 28t asymmetric stretching ©] 900 cm™ ‘ol
symmetric stretching 4= W7} 835 cm™ oA e = 28 3ol
stk & 7t Feoll= 7hRkS-S 53l epoxide T155¢] diamine

terminated modified random copolymer2] % Wete]] Q= opl}
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w280 24 900 cm 2} 835 cm elAle] 9T} AR AL

gho A koS g1k 4= gigich
S =. ke IAe] GElEE 8l Sullell 10% (wiv) 5%
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