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Development of Aromatic Polymer Electrolyte Membrane
with High Conductivity and Durability for Fuel Cell
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This report describes a design, preparation and evaluation data of a novel polymer electrolyte mem-
brane, which have been successfully developed for the use in fuel cell vehicles (FCV). This membrane is
prepared from the aromatic block copolymer, consisting of alternating hydrophilic stiff sulfonic acid-bearing
segments and hydrophobic flexible polymeric sub-units. A bicontinuous microphase-separated morphology
of the membrane has been attested, contributing to its excellent water resistance with keeping high proton
conductivity. The JSR membrane exhibits actually the same chemical stability as a conventional poly (per-
fluorosulfonic acid) one, while outperforming the latter in power output of the fuel cell, life time and tem-
perature range. In particular, a cold start of FCV has been first demonstrated at -20 C, using this material.
A manufacturing of the JSR membrane in the semi-industrial scale is established. This technology has been
officially approved for the extension through the public road examination. The Award of the Society of
Polymer Science, Japan (SPSJ) in 2006 was given for developing novel aromatic polymer electrolyte mem-
brane with high performance for the practical use.
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Figure 1 Chemical structure of poly (perfluorosulfonic acid) membranes.
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Figure 2 Ideal phase-separated structure with good balance of properties.
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Figure 3 TEM of phase-separated JSR membrane.
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Figure 4 Water resistance data of sulfonated poly
(phenylene)s.
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Figure 5 Comparative equivalent weights of sulfonated repeat units.
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Figure 6 Synthesis of block copolymer.

S0, SO;R SO;R O SO;H
—>
Protectlon Polymeniauon Deprotecnon
: et
n

Protecting Group

Polymerization Activity

—R (Stability of Protecting Group In polymerization process)
CH; CeHyy CH; g
—CH; — H,C—HC — H,C—HC =
on, CH,4 C,H; —CH, CH; °
CH, CH; CH; CHj; 2
CH T TS ) =
3 - CH; C,H; ="
H —N :u
=]
Imposmb'le C,Hs =
protection — NH-C4H, — N<
C,H;

Figure 7 Relationship between the polymerization activity and the ease of deprotection

reactions.

JSR TECHNICAL REVIEW No.116/2009



3R FEEIRDOFFNTHRIGT B (p-7 ==L >) 38R
DOEATEEDTELRY, F72, KRERTIVFIVGH O
BERS T REPHONLEZRL TS —F, B
PRAEDBOSYER, 3k b SR B> 280 e 218 # > 10 b
EREESSEIH ORI RS, L LeAS, ZOk
L=FF 7RO HE, 2FXRVFN(2,2-F AF VT
OE V) SRR EATEED MR CE, BSOS DD
T, IR G R T IBLOR G BSOS 23 H IS HEAT 3 B PR i
HThrIla L7z, CORRNLZEENE, ARV
FOVIED IR R T B THD, VAR EEHSORFIC
IrboldfiEahns, MEHRRELT, FARYFIS-
(2,5-Y 200X AN) R B Y 2V RV BT 25V 5K
wEflEIh 7oy 7 LB EREGROLIHE )~ — ik
ThHHILr ML,

BOKPEDIE 2V R Bk lL, FEARMII S F kT
VETVI T T AF v RO B EN B A RO
ETHY, EEMATRE) T LML T TOmf K
e T KA E LT, TIF, 438, ZATVHA
FRIVLIAEEPSRINL 220 72, Wk OBk
PGS, TR B 2R m R, R,
IMTiREELZ BRSO ELDEE L7z, S5
AT 2=V DEIR—IEED2,5-2 rauaNy ) 7 )y
R L IL AT REL 42250 F Kl 70 a R AV HS
BATEMEEL BNz, (RO)ITTRL 7R 2D

hW7z7ayrtmakid, BETEZRET (KD

TEM CRL7MGHEEOEN 740y —%R T IR

5.

3.3 FKM/ Bk DB B
A BERE L T O FER4OD W F, 1) ANV R

R —/IEAN RV BRI —DHIK, 2)IEAN K BAR

Vv—T a0, 3) KT a0, 4) 8

BEGetE, ICXoTHESNTW5D, ST 20 5 BER &

EEN 7Y —DWDODDTEMD Bl 5% (X8) 12

AT INSOHBINFEEASEDE, S

HEEEN 740y =S BB T H2L05b 0 5. Zhbo—

HOBE DD, ANVACEREAERK, JEAN K EREAK

DOWHAS (K3 TR T RN e > T BT LS T ff 7

ELTC, BUFFLWEL 740V —THLI LM TE

7.

3.4 FRUCRIERT
PGB E ORI T L7 S BRI U F o &

N7 D,

1) i BE /B B AV R S M 3 L 72 52, 5-3 yaa Ry
7)Y oD AR FRFHEAE ) —DEIE,

2) RANRYFINVE ATV OREILLL TORR N3 R%E
WL, PREEFEA/ BRI AN Ry B~ —
DEA SO,

3) rauNRy Y ANVEKEE S HTL )y s BAROE KT

7Oy HEA ORI BEEE ORI

Figure 8 TEM with examples of morphologies appeared in block

copolymers.

JSR TECHNICAL REVIEW No.116/2009



$E2,5-70uNRy S 72 ) AVKR YA Ry TV FETLRGSTEOMENEHEEDRERLIEBIEFT

PHOT Ty LB SROBE T, &, ZTORRLELT, #b%Vw, LA, HFHREOT
BN REN 70T —-DFBEZOHEPEELT, Mol KDEGEEEFHOHIEIZDEEDN S, (M10)I12id &K
ANVKRVERT Oy 7 Db, TayshEA T, FEOREPIZEEN AN BUKBLHAEIRED T 3o/ KD
AL TR O LB OME L. B, WhOLIRMKE, 27y RBELLTRL.

AHKE, HEREOT Ao/ KOEIE, FheEh,

4 EREREOMEE HK)=—1 gh7:00.50 g TTvHERBEOK2EHFIEL T
4.1 JObvicEE BTLDbh o,

BAZE L 72JSREKIZ, MK MECE N 7= 85 F & o 72 (K1) IZJSRIEEHE R D 7 35 I o s 45K BT oD A I 5 3

0, GEROBHVECE A7y HERBU R THEIREIC TOlmBERFED L EEZ /R, JSREUZ 7Yy R B
ANVKY WA THIENTEIz. TORE, Bmwra N, IR THIR G BEIIIE R, IR RS I E
MARES RSBl T I WIRFTES.  (IX9)IZJSRIE NTwa, 7y FRBIIBERPTOM A S, 0 THFE
L7y F M (Nafion®112, Difg, HEEEEEL TR @ BRI L 2D L, JSREETIEZ D iz R
TUANAREE O ARG Z R T, WO I FIREEIZ—20 CITHINL, —20 CTHHREHB CTEDE
BV TH 7y HE RN, BBLZ20-50%H V7 Tk HEHT (1238 58) MR L TV BZEZRL TV A, JSRIE
AREEREEIRL T0%. 1Z(M9) TRLZZIANZ Ty F LB TOR T I ARE

FEVZIRU 72 ENZTSRIED 20V R & A 313 2V R 7 R PEDOFBLOMIAHK, FHE KRS L WIEEDHVES
BEDH/NSL, BEE, SOICEREICHFAETELIE, T, KRB TIZBWTHIRC BT (SR8 RE) 2R L 72
5, TUNAREF YAV LR T WIEERIRL T WIREVZ L, ZOFT =705, JSRIEMEHOFCVOIK
Wb, TOZLIZEBRE O 2V R MR EBIC &KL T W otk Blon et AvRIg S 7.

JSR Membrane 2 018
5016
(50) (0) () (0 () 2 014 SR Membrane
2 012
2 0.10 I N W=
o U. x
2 0.08 4’/\/
Fluorinated Membrane I: S 006 Fluorinated
o Y Membrane
£ 0.04
S
@ S 002
@ 2 0.00
@ 60 70 80 90 100
Temperature (°C)
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Figure 19 Semi-commercial plant and an example of product.
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