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Synthesis and Characterization of Fluorinated Polybenzimidazole Proton
Exchange Membranes for Fuel Cell
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TCorresponding author :
canutech@hanmail.net Abstract >> A fluorinated polybenzimidazole (FPBI) was synthesized from 3,3-dia-

_ minobenzidine (DAB) of tetraamine, 2,2-bis(4-carboxyphenyl)hexafluoropropane
Ei\fzzzd 2(1) JFZ';l:j;yr’y’Qgé; of aromatic biscarboxylic acid, and 4,4-sulfonyldibenzoic acid of aromatic biscar-
Accepted 28 February, 2017 boxylic acid in polyphosphoric acid (PPA). A FPBI was easily cast and made into

clear films. The structure of condensation polymers and corresponding mem-
branes were analyzed using GPC (gel permeation chromatography), *H-NMR (*H
nuclear magnetic resonance) and FT-IR (fourier transform infrared). TGA
(thermogravimetric analysis) analysis showed that the prepared membranes
were thermally stable, so that elevated temperature fuel cell operation would be
possible. The proton conductivity of the FPBI membranes increased with in-
creasing temperatures in the polymer. A FPBI membrane has a maximum ion
conductivity of 45 mS/cm at 90°C and 100% relative humidity.
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3,3-Diaminobenzidine (DAB), 2,2-bis(4-carbox-
yphenyl)hexafluoropropane, 4,4-sulfonyldibenzoic acid,
polyphosphoric acid (PPA), N,N-dimethylacetamide
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6™, N,N-dimethyl formamide (DMF, 99.0%), F-<~
ERFE(KCO:)2 AFdststof ] Helsto] ARt

2.2 n&x M
HES7] Uil HIE=} ofl F5+

dine (428 mg, 2 mmol), W= H|A
Q] 2,2—b1s(4—carboxyphenyl)hexaﬂuoropropane (470 mg,
1.2 mmol), WEFE H|A7FEAIE o A =9] 4,4-sulfo-
nyldibenzoic acid (244 mg, 0.8 mmol)E- polyphosphoric
acod (PPA) 8 mLoj| 591 $of] HAme)7|oA &35l
t} & ¥R8-E3Ql 3,3-diaminobenzidine} 2,2-bis(4-
carboxyphenyl)hexafluoropropane} 4,4-sulfonyldibenzoic
acid®] & H]g&+= 5 : 3 : 20]th WhU)9 22 E
80CE $EAT F YT Su B3 o
sozn 14 g0

201 3,3-diaminobenzi-
RN NIS

[\]
i
>,
\l
™
offl
r$
HN'
i)
O{N
ot
filo
ﬁ

o Mg B48

B3] o) WSEE 2 S5 SRS 1 Lol A7)

steich AHE SUAE SRS 100% 2okt
-0 710 iz

oA HEStil SFFES

HaN s, NHe I CF3 =,
@U + Hooe{ H—< /CO0H +HOOC u/%§\\r_%c00H

HoN NH

Polyphosphoric acid (PPA)
180°C

24h

\L)\IEI /b< H_\ \N

FPBI:X=06, Y=04
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Table 1. Molar ratio and molecular weight distribution (M, My,
M. and PDI) of the FPBI

Polvmer Molar Mn Mw Mz Mw/Mn
ym ratio’ | [g mol'l] [g mol'l] g mol’l] (PDI)
FPBI 3:2 7,124 56,019 181,956 | 7.86

*fluorine : sulfone segments

T T T T T T
4000 3000 2000 1000
Wavenumber(cm'1)

Fig. 1. IR spectrum of FPBI
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Fig. 2. "H-NMR spectrum of FPBI
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Table 2. Solubility of FPBI

Solvent Solubility”

NMP

DMAc

DMSO

EIEgE:

DMF

MC

Methanol

THF

Chloroform

acetone

“++ = very soluble; + = soluble; - = insoluble

Table 3. lon conductivity of the FPBI membrane and Nafion-
117

Ion conductivity (mS cm'l)
40°C | 50°C | 60°C | 70°C | 80°C |90°C

Membrane

FPBI 22 26 29 31 37 45

Nafion-117 55 62 71 93 106 127
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Fig. 3. TGA datas of FPBI membrane and Nafion-117
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