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=5 97 I3 7IAR AmelA et FEE Auy 9l SebA aramid ATTHES) AR SAJo] ¢k U]
7krRs o] 978t sulfone AIHER 0]Fo47 FEHAS olg3lo] AF AxE wrozA2 S-8/15dE ATet
ot o= pRAe] SIEE A7) S8l of7)E Zh= sulonated ether sulfone W&} p—phenylene
diamine 781 terephthaloyl chloride® QAg A% ¥hgA1A olgloz Ttsld F5IAE sk, olR S
epoxy group2 g8k )= trimethylolpropane triglycidyl ether (TMPTGE) 8} & 71uE %3 124} Asiaqt
o2 Axgglor, A7A2) TS HIFEsE 7t vhAle) Wk 'H NMR, FTIR, 2 274 ojale] &5t 2or
Aefeke o] 2w g dT Fg, Al RALE Fo] 5412w, sulfonated ether sulfone TEEA|S] $iE0
FIESE ol2udEH, P8, FAolAN ) kel Zlo] #EElt) Sulfonic acid sulfone AITHES
60 ERE 2= AL Haduke] 74 o) 2wghgao) 1.88 meq/g, THES 110 wt% ©J5H) $X1F Hom, 7t
F & A0 RAERES ghe ATIFE 100%, 25 Col 7.4 X 1072 S/emelgith.

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 7.4 X 1072 S/cm (25 C,
RH=100%).

Keywords: sulfonated ether sulfone, p—aramid, crosslinked polymer, proton exchange membrane, fuel cell.
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Sulfonated Poly (ether sulfone) 3 p~Phenylene Terephthalamide A7
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Alef. 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)+ ¥HXx2
BAgle] ARl SR AR toluene (Samchun Pure Che—

NEE 28k

7hL FFEA PEeRlY Az 9 54 A 107

it
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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® 5788 A ¢ 4% S53to] ARSI
Triethyl amine (Aldrich, 99.5%) # W42 AR chloroform
(99%, Samchun Pure Chemical Co., Ltd., Korea), dichlorome—
thane (99.5%, Samchun Pure Chemical Co., Ltd., Korea), isopropyl
alcoho] (IPA, 99.5%, Samchun Pure Chemical Co., Ltd., Korea)
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Scheme 1. Synthesis of S—=DCDPS and S—DADPS.
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Scheme 2. Synthesis of diamine—terminated random copolymer.

Table 1. Monomer Feed Ratios for Random Copolymer
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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 M7

PPD S-DADPS TPC M} IECC M

Samples (mmol) (mmol) (mmol) (g/mol) (mmol/g) (g/mol) Samples (mmol)  (mmol)  (mmol) (g/mol) (mmol/g) (g/mol)
S-PPTAR:2" 24 0.6 2 344 1.16 1720 S-PPTA2:3* 1.2 1.8 2.5 555 216 6105
S-PPTA 6:4 1.8 1.2 2 449 1.78 2245 S-PPTA 22 15 15 2.5 502 199 5522
S—-PPTA 4:6 1.2 1.8 2 555 216 2775 S-PPTA 21 2 1 2 414 180 2070

“Ratio of PPD: S—DADPS. “Molecular weight of repeating unit (M, of X unit X
molar ratio of PPD+ A4, 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+1/(1-1, r=2/(2.4+0.6)).

oM, #3538 A2%, 2011

“Ratio of PPD: S—DADPS. “Molecular weight of repeating unit (M, of X unit X
molar ratio of PPD+M4, 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. 4Theoretical molecular
weight (3, 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—ds.
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Figure 2. 'H NMR spectrum of diamine terminated random co—
polymers in DMSO—ds.
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Table 3. Characterization of Crosslinked Membranes

Samples IEC (mmol/g) Proton conductivity ~Water
Theory Experimental (S/em) T* uptake (%)
CS-PPTA2:3 188 1.94 74X107 110
CS-PPTA 22 171 1.78 6.3%X107° 73
CS-PPTA 21 129 0.83 7.8x107 22
Nafion 117 091 10x10™ 17

“Measurement condition: 25 C, RH=100%.
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Figure 6. TGA thermograms of aramids and their crosslinked
ionomeric copolymers.
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