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® Isophthalic acid (IPA, BIH{LZ, > 99.0%)

® 3.3’-Diaminobenzidine (DAB, Sigma Aldrich, 98%)

® Polyphosphoric acid (PPA, Sigma Aldrich, ~105%
H3PO.)

® Sodium hydrogen carbonate (NaHCOs, B # (L7,
%)

® Dimethylsulfoxide-d (d-DMSO, BIH L%, NMR A,
99.9%D, 0.03% tetramethylsilane (TMS) & &)

® N, N-Dimethylacetamide (DMAc, FOtAHEE, Fob4F
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® Styrene (St, & L7 A /L AFDEHIZE, Friytsstk)

® Divinylbenzene (DVB, & L7 A /L AFEHISE, Purity
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® Benzoyl peroxide (BPO, BHHL ¥, Purity > 75.0%)

® Sulfuric acid (JRHiRE, BRI, Frtk)

® Jodomethane (CH:l, & =7 A /L ARG HIER, Fnot4s
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® -Hexane (nCeHe, PHHLY:, B 1 8%)

® Potassium chloride (KCl, & L7 A /L AF0EHIEK, fn
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® Sodium nitrate (NaNO;, & L7 A /LA F0HEK, Fodt
Frfk)

® Silver nitrate (AgNO3, Sigma-Aldrich, #i/%>99.0%)

® Sodium chloride (NaCl, P #{b77, k)
7K (H,0) 1387k S 324 [ (Milli-Q Advance, Merck)
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HAEEIT-T2, EEH D poly(St-co-DVB)/PBI-NF # 5
2R th TR 52 LT, ARV A%
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Fig. 1 Synthetic scheme of polybenzimidazole (PBI).
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Fig. 2 1H-NMR spectrum of the synthesized PBI
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Fig. 3 Scheme of synthesis of cation- and anion-exchange membranes (CEMs and AEMs). CEM: Sulfonated poly(styrene-co-

divinylbenzene); AEM: Quaternized poly(4-vinylpyridine-co-divinylbenzene).
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VESLL 72 PBI-NF & A A AZHANE O &%, A
BB (SEM, JCM-7000, H A1) & TN
15kV THIZEL, WERBHIA — 77 ra—s—
(JFC-1600, HA®E 1) ZH T Pta—h a1 To7, SHi
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DM TREZEIT ST,

Power supply

= e @
Coulomb Meter '
i

AEM
Magnetic stirrer

Fig. 4 Schematic of apparatus for the electrodialysis
experiments.
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(D=800nm) &MF-5, 25 Ep O P FLEEIE ~0.3 mm
(D =200 nm, 400 nm) &~ 1.2 mm (D =800 nm) CTH->7-,
FrA—LRBEBLKEZ, WTFhLoEMIZHOWVWTYH
20 /100 cm? A THo7,
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Fig. 5. Typical SEM images and fiber diameter distributions
of the hot-pressed PBI-NF sheets with various average fiber
diameters.

(a) PBI-NF (D =200 nm), (b) PBI-NF (D =400 nm), and
(c) PBI-NF (D = 800 nm).

Fiber diameter distribution of the PBI-NFs in the sheets
obtained by SEM image analysis.

e 10 um

— 5 M

Fig. 6. Typical (a) photograph, (b) surface and (c) cross-
sectional SEM images of the prepared AEM containing hot-
pressed PBI-NF reinforcement (D = 200 nm).

Fig. 7. Cross-sectional SEM images of the prepared CEM
containing hot-pressed PBI-NF reinforcement (D =200 nm)
(a) before and after (b) sulfonation.
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\CHKT 5 3413 e T OB — 78 HBIL 722805 7,
NEFAET VR VALEIZ LY, I 4 FREY =0 A
HENEASN CWDZ AR LT,

TERE#L72 AEM OB DA A ZHANE D &
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KESHZTND, E5IZ, PBINF OFIELIZEST, A
A AZHRE D PEE AN T o THRE IR S HERFS LD
ZEERERRLIZ,

VL EORERIT, B ALERE 1T 72 PBI-NF £4LE
TR MBI TR A R D T LA R L TNV,

—_

Quaternized

2413 P(4VP-co-DVB)/PBI-NF

Absorbance / a.u.

Hot-pressed
PBI-NF

1594

3500 3000 2500

| L
1T

Il
1500

Il
1000

Wavenumber / cm™!

Fig. 8. Typical FTIR spectra of the prepared AEM containing hot-pressed PBI-NF reinforcement (D = 200 nm).

Table 1 Physicochemical properties of the prepared anion-exchange membranes

Membrane Reinforcement  IER/Reinforcement IEC wC Cx Thickness  Resistance 0[]
(NF diameter) [wt%] [mmol/g] [%] [mol/L] [mm] [W cm?] ¢
PBI-NF
AEM-1 (D =200 nm) 77/23 1.7 33 5.1 14 1.4 0.94
PBI-NF
AEM-2 (D = 400 nm) 78122 1.5 39 3.8 26 3 0.98
AEM-3 PBI-NF 67/33 11 49 22 53 26 0.97

(D =800 nm)
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Fig. 9 Typical stress—strain curves of the prepared AEMs
containing hot-pressed PBI-NF reinforcement.
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Summary

Ion exchange membranes (IEMs) are widely used in various fields, such as salt production, chlor-alkali production,
water treatment, chemical/pharmaceutical/food-processing, and battery/fuel-cell technologies. One promising approach
to improve the performance of IEMs is to reduce the electrical resistance by making IMEs thinner. In the commonly-
used IEMs for salt production, thick polymer woven fabrics have been used as a reinforcement. Recently, IEMs based
on porous polymer thin films as a reinforcement have attracted much attention, particularly for battery applications. Our
previous work reported that highly porous silica nanofiber (SiO,-NF) sheets was a promising substrate of IEMs for
increasing the ion-exchange-component ratio in the membranes, subsequently reducing the electrical conductivity.
However, inorganic materials such as SiO; are inherently brittle, leading to poor mechanical properties of the NF sheets.

In this work, a representative super engineering plastic, polybenzimidazole (PBI), was used as the NF material.
PBI-NFs with diameters ranging from 200 to 800 nm were prepared by electrospinning. Thereafter, the as-spun PBI
NF sheets were hot-pressed to improve to increase the NF connectivity and then used them as a stable NF reinforcement.
Anion-exchange membranes (AEMs), composed of poly(4-vinylpyridine-co-divinylbenzene) (poly(4VP-co-DVB))
containing quaternary pyridinium groups, were prepared by radical copolymerization and successive quaternization.
The hot-pressed PBI-NF sheets were used as a porous substrate, and immersed in the monomer solution composed of
4VP, DVB, and initiator for radical copolymerization. Their structures and physicochemical properties were
characterized by scanning electron microscopy, Fourier transform infrared spectroscopy, potentiometric titration,
electrochemical impedance measurements, dynamic state transport number measurements, and tensile tests. AEMs
containing hot-pressed PBI-NFs showed low electrical resistance and good transport number. The prepared membranes
showed approximately five times higher tensile strength compared to the ones containing SiO»-NFs, indicating that the

hot-pressed PBI-NFs are a promising reinforcement.



