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Abstract: Acid-doped sulfonated poly(aryl ether benzimidazole) (S-PAEBI) copolymers were synthesized by a direct
polymerization technique and a doping with phosphoric acid as a dopant, and the polymer electrolyte membranes were
fabricated from them by a solution casting method. To optimize the reaction condition, the degree of sulfonation and
doping level were varied in the ranges of 0~60% and 0.7~5.7, respectively. Physiochemical properties of the doped
membranes were investigated by AFM, TGA and the measurement of proton conductivity. It was found that proton
conductivities depend on doping levels of membranes. Conductivity determined at the condition of 130°C and no humidity
was 7.3x107 S/cm for the H3;PO4s-doped PAEBI membrane with a doping level of 5.7.
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2.1. Ao

GFA AZ8-9] 4,4-difluorodiphenylsulfone (DFDPS,
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HE oF 50 go E-LS EFEA R o 60°C7HA A
A YA o] EFEA oF 11 g8 FHUEFS
A7t AAEE AN T oY A3 2 A A
ZAE AXR BN Q4 1A 2L AU o] A
BES oF 50 g8 & o] oA &AL 2 N
FAJUEE T892 pH 77HA 88 F 479
2 AAqH-Ax BAHE AANE YEF o FH Y
S-DFDPS @A & 4& + Uth25]. AxH dFA=
120°Ce A% AxAoNA 2447 o4 Azxd F !
NMR #4& T3t 1&H3

T

2.2.2. BHPB (5,5'-bis(2,4-(hydroxyphenyl)benzimi-
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Scheme 1. Synthesis of 5,5-bis[2,4-(hydroxyphenyl) ben-
zimidazole] monomer.
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80H
S-PAEBI-XX

Where, (n+m)/k=1.01 (in mole); XX=100n/(n+m)

Scheme 2. Synthesis of sulfonated poly(aryl ether benzi-
midazole) copolymer (S-PAEBI-XX).
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E #237] Y384 Nanoscope-IV
(Digital Instruments Inc)E& F3 YAHVH(AFM;
atomic force microscope) +41°] 1 x 1 um® &4 ¥
of 24 ®(tapping) =N Y=} TA Instrument
2950 EFFEA7|(TGA; Thermogravimetric analysis)
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Table 1. Degree of Sulfonation of S-PAEBI-XX Determined by the 'H NMR Analysis

Sample code Monomer mixing ratio (mole) Degree of Reduced viscosity
(S-PAEBI-XX) BHPB DFEDPS S-DFDPS sulfonation (%) (dL/g) in DMAc
S-PAEBI-00 1 1 0 0 1.39
S-PAEBI-20 1 0.8 0.2 \ 19.2 1.46
S-PAEBI-40 1 0.6 0.4 37.8 1.30
S-PAEBI-60 1 0.4 0.6 54.8 1.62

~

d

I Z

00 o8 2 76

J

Fig. 1. 'H NMR Spectrum of 5,5bis[2,4-(hydroxyphenyl)
benzimidazole] monomer.
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S-PAEBI AZXE& Y34 vl ¥& 3EH 2 IH
Sl ¢S HAHFOEN ¥ =9 BHPBE &
Hate Zlo] vi¢ FR3, mahs B AFdAe o
Al Al . BT et Hxe 12 749 A
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Fig. 2. 'H NMR Spectrum of sulfonated poly(aryl ether
benzimidazole) copolymer.
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Residual weight (%)

20 -

~—— S-PAEBI-00 (control) AN
-~~~ S.PAEBI-20 (sulfonated) T
""""" S-PAEBI-ZO/HJPOJ (doped) 1

7)) M NN I | [ I T
100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 3. Weight losses of various S-PAEBI membranes on
TGA with air flowing at the heating rate of 10°C/min.

olate] =y As)d e S-PAEBI20C.ZRE ¥
H 28R e 10 M| A4 FEA HAATL A
29 A 50A7t B4 AT F Y AxdtA AHEEA
o 384N & F gRel, *Eﬂ% 3314
S-PAEBI-00 A& =] A9 <F 450°C 2 500°C &
AHoA ol (aryl) 1F Wl Z0]H|T}E(benzimidazole)
I5Y g sgHs F%F a0t 44 #EEHAU
o £E7)7} o 20%& &H%¥ S-PAEBI-20 AsfA
o] 7% 9 450°Col ©|27]74A] S-PAEBI-00 Aafd 2t
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AL FAANAZT T B1F vl QTH30). S-PAEBI-
200 ¢14to] = H S-PAEBI-20/H;PO, A o] 7
2 100~200°CY] &% WA & &1 AdE=
% 7447 22U, ol ey 4 3)F @)
o AAE B Exle Fdd g% Aoz RIHAG
[31].

r°|'

M

il

Acid dimerization, 2H,PO, — H,P,0, + H,01 (3)

Formation of triphosphoric acid,

HEQ + HPO — HEQ, + HO! 4

Fig. 4. AFM tapping phase images for PAEBI, S-PAEBI
and H;PO4 doped S-PAEBI membranes; (a) PAEBI con-
trol, (b) 20% sulfonated S-PAEBIL (c) 60% sulfonated
S-PAEBI and (d) H3POs-doped 20% sulfonated S-PAEBI
membranes.
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3 Yehged, ole g Qs A (3)F 4
A ‘?l%:rLJ—ﬁ %6}04 A&z & 52 A
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T AR 5% E MPAE Bole A
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B AzH 182 HAsd o] W AFM AE UE
Uitk 94714, AEA B2 FEL 1o 2 944
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Fig. 5. Acid doping levels with various degree of sulfona-
tions at different H;POs concentrations.
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