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INTRODUCTION -

Polymer electrolyte membrane fuel cells (PEMFCs) have attracted much attention in the past decade -
because they provide cleaning, quiet and portable power for vehicular transportation and for other
applications [1, 2]. The key component of a PEMFC is the polymer electrolyte membrane. At present,
sulfonated perfluoropolymers such as DuPont’s Nafion are typical membranes that are used in practical
systems due to their high proton conductivity, good mechanical properties, and high thermal,
electrochemical and chemical stability. However, the high cost, low conductivity at low humidity and/or
high temperature, and high methanol crossover are the major drawbacks for these perfluoropolymers. The
development of low cost and high performance polymers as alternative materials is strongly desired. Recent
researches have demonstrated that six-membered ring sulfonated polyimides are promising membrane
matenials for PEMFC application [3-9]. In particular, highly sulfonated polyimides derived from the
diamines with pendent alkoxy-sulfonic acid groups (side chain-type) showed extremely high water stability
and high proton conductivity [6, 7]. In this paper, we report on the preparation of wholly aromatic side
chain-type sulfonated polyimides as well as their thermal stability, proton conductivities, water stability,
and methanol permeability.

EXPERIMENTAL , o
Sulfonated polyimides were synthesized by one-step polymerization of
1,45 8-naphthalenetetracarboxylic ~ dianhydride (NTDA), side chain-type sulfonated diamines
3,3°-bis(4-sulfophenoxy)benzidine (BSPOB) and common nonsulfonated diamine monomers in m-cresol in
the presence of triethylamine (Et;N) and benzoic acid at 80 °C for 4 h and 180 °C for 16 h. The resulting
highly viscous mixtures were diluted with additional m-cresol and precipiiated from acetone. The fiber-like
precipitate was filtered off, washed with acetone for a few times, and dried in vacuo. Films were prepared
by casting the sulfonated polyimide (in triethylammonium salt form) solutions onto glass plates and dried at
80 °C for 10 h. The as-cast films were soaked in methanol at 60 °C for 6 h. Proton exchange was performed
by immersing the films into 1.0 N hydrochloric acid at room temperature for two days. The proton
exchanged films were washed with deionized water and then dried in vacuo at 100 °C for 20 h.

RESULTS AND DISCUSSION

High molecular weight BSPOB-based polyimides (Scheme 1) were successfully prepared by
conventional one-step polymerization method in m-cresol in the presence of triethylamine (Et;N) and
benzoic acid.  The resulting polyimides showed extremely high inherent viscosity.
NTDA-BSPOB/mBAPPS(9/1), for example, had an inherent viscosity of 8.9 dL/g in DMSO at 35 °C
(concentration: 0.5 g/dL). TG-MS measurements revealed that for NTDA-BSPOB/mBAPPS(9/1) the
decomposition of sulfonic acid groups started from around 270 °C indicateing fairly high thermal stability

of this copolyimide.
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The copolyimide membranes were
fabricated by the conventional solution
cast method. The as-cast films were in
their triethylammonium form and
converted to their proton form by
soaking the films in 1.0 N hydrochloric

actd Zluttor;h with ma?étlc stI;ng tfor cH \Q\ @ %
two days. The completion of proton Y= ﬁ o) g O‘C
exchange for all the samples was HyC™=""CH, C\_Jﬁ\ O

1 TrMPD BAPF , m-BAPPS
confirmed from their 'HNMR spectra. i

The proton conductivity of BSPOB-based polyimide membranes was investigated. For
NTDA-BSPOB/TtMPD(9/1), at high relative humidity (RH > 70%), the membrane showed fairly high
conductivities (> 107 S/cm), whereas at low RH (e.g. 20%), the conductivities are in rather low level (in
the order of 10* S/cm). In the whole humidity range, no significant reduction in proton conductivity
decrease as the temperature increased up to 160 °C, which is very favorable for use in medium-temperature
(120 — 150 °C) fuel cells. In liquid water, NTDA-BSPOB/mBAPPS(9/1) showed a conductivity of 0.18
S/cm at 25 °C and increased to 0.31 S/cm at 70 °C which is higher than that of Nafion 117.

The water stability test for the sulfonated polyimide membranes was performed by immersing the
membranes into deionized water at 80 °C or 100 °C (boiling) and the stability was characterized by the
elapsed time when the hydrated membranes lost mechanical properties. Table 1 lists the water uptake,
water stability, and dimensional stability of BSPOB-based copolyimide membranes. It can be seen that
despite the high ion exchange capacity (IEC: 2.40 meq/g)) NTDA-BSPOB/mBAPPS(9/1) could maintain
film form after being soaked in deionized water at 100 °C for more than 3000 h indicating very high water
stability. Furthermore, the area change in planar direction of the membrane is less than 7 % at 100 "C which
is much smaller than many other sulfonated polymers.

Table 1 Water uptake, water stability, and dimensional changes of sulfonated polyirhide membranes at 100 °C.

Polyimide® IEC Water uptake ~ Water stability Dimensional changes [%] Ref

[meq/g] [g/100g polymer] (h] AL AA ~
NTDA-BSPOB/mBAPPS(9/1) 240 160 >3000 150 7 e
NTDA-BSPOB/TrtMPD(9/1) 2.49 143 600 - 110 32 3
NTDA-BSPOB/TrMPD(2/1) 2.10 7° >720° 22° 32" e
NTDA-BAPBDS 2.63 107° 1000 16f 15¢ 9
NTDA-3,3’-BSPB 2.89 250° 700 180 14 6
NTDA-2,2°-BSPB 2.89 222° 2500 220f 0 6

*BAPBDS, 3,3°-BSPB and 2,2’-BSPB refer to 4,4’-bis(4-aminophenoxy)biphenyl-3,3’-disulfonic acid,
3,37-bis(3- sulfop'opoxy)benz1dme and 2,2’-bis(3-sulfopropoxy)benzidine, respectively.
b80 °C; 50 °C; measured at room temperature. e: This study.
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REYRMBFRRE M (PEMFCs) BT HABIRMLEE. LRMEENRE FERE, FH
MEBILABNEFTAHE ZREAER, fELHEORFHEZKEN, 2] PEMFC FHIKEAT
HRREYHMEE. B, BALEREY (. #FAF K Nafion B RMTIRYTLASLERN A
F—2REME . HAZXREMBAERENRTSHE, RRAMER, REFNHR. BAFENL
FREME. AMMRER, EREEUREERTRTSEEZR TR, HEHPREETERZRR
 MEEIEAER S, HERE T HNATEE. FRNMRIEESSERRFNRSYEMERERRAE
FBA SRR EMHLELT. BFR, MXFRENATALHFRNBRURBRLERERETHENHT
PEMFC K—FEAEH3-9]. LHR—K MMmERENE LR -Kas (SRR slane
R R R B AR R 7 AR A MR KRR T S e [6, 7], AXAH T —Feri FRME
RIRURBIRREH &, DA SRURBT R OHIR R, RT SR, MM PEETERE.

LR

PR B RG R t— iR & TN, BARH 1,4,58-25MUR FF (NTDA), iU B (L ik sa ik
3,3°-X (4-TEMREREE) BR % (BSPOB) F—iedkffife —femik, LARMFREAMERA, £=4
B RE R T R7E 80 °C R 4 /METARJEFE 180°C MY 16 MHEREHETH/. REH
BB EN RSN FRRR B EAET. FEREAMARRLEEAS T8 4
FETESRET TR, ARREEZETHE, BARNRIRBRTRER (Z4KE) B
WIEBEFER b, 7EMEAE D 80 C TR 10 /MR, BIBHIETE 60 C MBS R 6 /. REHRNE
M=ZEAEE 1.0 N MERFRPREFRETR TR, RTENEREETKEREERS
RAESHT 100°C T4 20 . | |

H#R5WR

=9 F RN BSPOB L EBL AL  (Scheme 1) H—BIETERIFEIARI, HE=ZHUERK
FENAATHEER. RN REBT AT RS ERE, f1in: NTDA-BSPOB/mBAPPS(9/1)
IR EWRER (05 g/dL) £ 35 °C WA AN 89 di/g . TG-MS Wik 1E B K
NTDA-BSPOB/mBAPPS(9/1) F A E I SRR T 270 °C , XHFRH T ZRBEBREHR VLR E
Bt tE.
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FTSUEATRETE (B BEX ‘w ., bﬂ@;if}@
FEMEEY (=o/Py) . 7E30°C F 50 o e Zg@ O M -G,
°C &, NTDA-BAPPSDS/mBAPPS(2/1)f] apE Xy =9/1,311,211

Py BT /DT E IR0 B AR DA R _
Nafion 117 . HH A LAFEE] NTDA-BAPPSDS/mBAPPS(2/1)#1¢ {H AT Nafion 117, {BH-T NTDA-
BAPPSDS/mBAPPS(2/1){I T S B AN BUK, HoEEDTHERMNBULRBRILE.
KRR RS RBERBEEAZETKY, HHERREBET (80 °C 5 100 °C) HEAT
WE, HREEHKDPFHRBHMERESGEBENFKEPKE. LRRY, KEREERERE
¥, tiin: BAPPSDS/mBAPPS(3/1)}E 80 °C M EBET/K AR 600 N ARAEHE, 4HL T BLEF I
KEE, RTIREI—FEELE 100 °C MEBFKE 5 /B ERFRER T MEHm KT LUE B RR
EYNEFEHRAER (EC) HBEI%E. Fl: NTDA-BAPPSDS/mBAPPS(2/1)EE4E 100 °C )8
TKPREF 200 LR AR, X—FRKXKIHT BAPPSDS/mBAPPS(3/1).
F BURESYBENEFRRAR, RTIEE, FEETRIANHENLE.

Membranes IEC o (S/cm)® Py (10%cm?/s)® é=oc/Py(10* Ref
[meqg’] 90%RH Inwater  30°C 50°C  Scm®s) (30°C)

NTDA- ) .

BAPPSDSmBAPPS@) 13 0071 007 084° 16’ 83 c

NTDA-BAPBDS 2.63 0.031 0.19 1.14 - 18 4.5

NTDA-2,2’-BSPB 2.89 0.11 0.18 1.05 2.06 13 5,7

Nafion 117 0.91 0.085 0.12 221 332 48 5

®Measured at 50 °C; ® Methanol concentration in feed: 8.6wt%, ® 10wt%; “This study.
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