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Abstract : The polymer electrolyte fuel cell which used the anion exchange membrane instead of the proton exchange
membrane has attracted attention in recent years. Although this system has a subject in durability of electrolyte
membranes, there is an advantage such as the availability of an inexpensive metallic catalyst and constituent material, and
the suitability for use of liquid fuel. In this research, the anion exchange membrane which is this important material was
studied. Previously the polyether electrolyte membrane was synthesized by chloromethylation and quaternization with
amine (Menschutkin reaction) . The chloromethylation reaction was difficult to control and has used harmful reagents,
therefore an alternative method was investigated. In particular, original bisphenol monomers having various amine groups
were synthesized, and electrolyte membranes were synthesized from those monomers by easier method. The synthesized
aromatic polyether electrolyte membranes with various ammonium groups such as cyclic or long-chain alkyl ammonium
groups were evaluated. Those electrolyte membranes were shown better stability in an alkaline environment then the
membrane having typical trimethyl ammonium (TMA) group. The decomposition of the polyether main chain was also
suggested. Therefore, the renewed electrolyte membrane having polyphenylene structure without ether bond at hydrophilic
segments were synthesized. The membranes having polyphenylene structure was shown excellent alkaline stability as
compared to conventional polyether membranes. It was suggested that the stability of the polymer main chain in an

alkaline environment were important.
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Polymer IEC*

conductivity® Water uptake

(block length x,y) (meq/g) (mS/cm) (%)
QPE-1 (x6y8) ¢ 1.90 32 72
QPE-1 (x6y8) * 1.90 45 125
QPE-1 (x6y6) © 1.63 29 51
QPE-1 (x6y6) ¢ 1.63 39 84
QPE-2 (x5y11) 1.91 53 149
QPE-2 (x5y4) 1.31 38 64

* calculated from 'H NMR spectra. * measured in water (60°C).
¢ quaternized with CHsl, ¢ quaternized with (CH50),S0,.
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conductivity’? Water uptake

ion-exchange IEC*

group (meq/g) (mS/cm ) (%)
TMA 1.71 19.2 32.1
C4 1.59 2.1 9.5
C10 1.40 0.25 3.9
Pyr(C1) 1.64 10.3 22.8
Pyr(C4) 1.53 1.0 3.6
Pyr(C10) 1.36 0.18 2.0
Pip (C1) 1.60 5.1 19.0
Pip (C4) 1.50 . 1.7
Pip (C10) 1.33 - 1.4
Mor (C1) 1.59 12.0 12.1
Mor (C4) 1.49 1.5 4.2
Mor (C10) 1.33 0.22 3.1

*calculated from 'H NMR spectra. "measured in water (60°C).

‘unmeasurable.
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VEY , m-YrauaxXy ¥y ENi(cod),, 2,2’ -bipyridine
MW TDMAcH80CTHEA L. EFTANILE L
Tp-vyruuxy ¥y, m-vyruu}xXy ¥y OhEE
HLlEZ A, HHRAR) v — OFEMENIEE I K
NTERAERLIME SN L5720, p-Yr7uuxy ¥y
m-Yr7auaxXy ¥y = 2080 THAADYE S &ixd B
MrE < B TFERBIE SN, ZO0BUKENIL TN
TZDWETEEL -

CF3

F FF F
Fs
-

DMAc

K,CO;
DMAG

60°C, 2h

40°C, 3h

F FFE F F FF F cl
CF3
F3
F F
X

Ni(cod)z, 2,2'-bipyridine, DMAc
80°C, 3h

o zo- Hifk ooy

TCE, CMME, ZnCl,/THF
80°C, 120h

i oto-Hikolk

o
J membrane preparation

1. trimethylamine aq, r.t., 48h
2. KOH aq, r.t., 48h

F FF F F FF F
CF,
VeV e m W Oa Wk
F

F ’ F
X

V)
AR

(R = H or CH,Cl)

(R4=H or CHaN*(CH3)3 OH)

X8 BMAEICKAU 7L BEEBALATOYIRIT— (QPP) DERK
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R3 BRIV 7L BEEEALLETOY 7KUY — (QPP) DEEHER

. b . M! M, Degree of IEC
X prasr prasr (kDa) (kDa) chloromethylation® (meq/g)
4.2 1:2:8 1.0:25:99 14.5 319 0.8 2.0
5.9 1:2:8 1.0:26:11 7.5 138 0.9 1.8
5.7 1:1:5 1.0:1.8:73 154 142 0.9 1.3

*Determined by 'H NMR spectra.
(calibrated with polystyrene standards) .
oligophenylene moieties)

B A U T — DA A EIZNMR OFE Sl 2 6 51
MLUZZ8E &) ISk PE, HEDIECIZ» bt T
KA T~ — (p), BABEAEBp-Vrouxv ¥y
(@), m-yrauxXv¥y (r) OAA R FHEL 2.
éeht ) < —I3'H, F NMR Z-X2 L THIOME

W%, GPCrLRBENTRTHDH I L EMALE %
NZFhoiAAEEHONTZR) v —DhFEE2HK3IC
N

HOTHR L7248 v —% TCEIZAM L, CMME ¥
KR LSO THF S A M A 7 v a x F AL L 7.
RN T 2= VERANEIRINIC 7 v o x F L b & Tk
EEE S, NS, KIS, BEZEOLRMIZED
rua X FOUACRBENT S5, B4 80T - 120
RO CIZ—DDFHHFERIIH L THN—2 D7 aa x
FUFENEA X, 7 aa xF )L (DC) 120.8 ~0.9
Tho7z.

rvauaxFftEhzRY) ~v—%TCEIZIEML, &
ML= b EDOH T ZARTEHEEF v 2 DIEIZ K DR
L, $EWTHPY XFT I VKREIRIZIRE L TR b L
7z ASHERILL F3ET 5 2 L T100% Uik X hrz.
W 1IM KOHARE W48 IFMIE L, ho v 4 —AF
VERWLUOH 7 4 — DAz, K) T—FILFEH
DL 4 % }:*PJPIJ‘EL\/J\,i%’(ﬁﬂﬂ&ﬁ”’(zﬁot.
TEBLL 7= B B A (X9 1SN T

embrane
embrane
embrane
embrane
embrane
ombrane
smbrane
ambrane
:mbrane

ALLICTILINL ALIT
membrane
membrane
membrane membra
membrane membra
membrane . - bra
membrane n v bra
membrane m. 1 bra
membrane membra
membrane membra
ymbrane membrane membra
unmaneJWQHMWnelnanMW

lgﬁibtmw EREE

auclLirLd
membra
membra
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" Calculated from the feed ratio.

*Determined by 'H NMR spectra.
Degree of chloromethylation = (number of chloromethyl groups per phenylene ring in the
, calculated from '"H NMR spectra. ' Expected IECs calculated from 'H NMR spectra.

{Determined by GPC analyses

37 BKBARVIzZLU@EEEEALAETOVY
R < —OFH

BAER SR x, BBKEBILED, q, rOMABDELD

IEC iU 72 3FfiA MM L 7=, £ DR E L4177,

K4 QPPEDA F MCEBEH LV EKE

IEC*® conductivity® Water uptake
* prasr (meq/g) (mS/cm) (%)
57 1.0:13:53 1.3 36.0 37.0
59 1.0:2.0:80 1.8 80.2 41.5
42 10:2.0:8.0 2.0 117 67.6

“calculated from 'H NMR spectra. "measured in water (60°C),

A4 VZEEIZIECOBINE & 2L, &é &
WIEC (2.0 meq/g) #H 9 5% QPPIEIX, 60CHAHIC
BUWT117 mS/em EIEFISREWA F VREE AR L 7=
F7EGKKEIEC L & IZHMIL 7228, IEC (2.0 meq/
g) ZHTSH5QPPHEETE68% LK L EF 57,

FICzaaxF A bick 8L 2R ) = — 57 )L ER
B (QPE-2, [XI5) &KH30CIZI I 5 4 A VREE,
EAREIEE U 72 (#5). IKWIEC (1.3meq/g) TR
5 &, QPPIIFRITEE DA & VAEE Th 5 B EKRKIL
FREr ol 2 6 h7z. @IEC (2.0meq/g) Tl&, QPP
GAREPRLEFIZHA OGN TORIZE 2 rbE$AF
VREEIIR 2 L BN R A R L . BIKERDO R
7= L VRSSO E WA F YV EEIC K D ER
A F* MEEMEERL, £ 70MEAFRECL DA
KePmL7-tE216N5.

72, 4 & v agiEk (TMA) —2 & 720 DK FH (L)
M5 &, QPERIEC & & & IZN§ 5Dt L,
QPPIXIECIZ & 6 FIRIF DA R L7z, K 7=
=V Y OWIE BT REE A A A MREIZA S L vk
OWEEZWHT 2720 %% 6h, QPPRIZAVRERDK
DA KX AMRENhRINRIH EhTozz,



%5 QPP & QPE DS
IEC*® conductivity®  Water uptake

Polymer (meq/g)  (mS/cm) (%) A
QPP 1.3 22.5 37.0 15.8
QPP 1.8 50.6 41.5 12.8
QPP 2.0 74.4 67.6 18.8
QPE 1.3 21.2 37.0 26.2
QPE 2.1 34.1 149 39.4

*calculated from 'H NMR spectra. " measured in water

(30°C). number of water molecules per ammonium group.

7L ) BRBIIC B % QPP I & QPE-2 /D & e
ZIE - ML 2. 2 E TQPEIZ80°C D IM KOH 7Kk
AR CRHIE LT 228, RIS AN L 2 0 IR Al
- BT LR g < A A VMREEUESRNEETH 572, %
Z Tk DIRMZE 40°C O IM KOHAKEKH TORER L L,
J6E & A4 & VAR JIE F OV ICEE U 72 KR TR BN
ARBRICHE L 72, £720H 7+ — 2 OfIEZEKHh O g1t
RFIZK > THCO, NERWEI N 50, ZTORELHL
728 OH NZHAFTD Cl” 7 + — L DIETiERE Bk L 7z
AKX MEEEOZELEK10ITRT.

WFR Y 24 BRI R IC A A VREE S EA L 7
2, ZHIECI2AS50HADA XV EHIZkBEDEE
265, QPPRIZZ IR »ITIKT L, &IEC
D QPP (IEC = 2.0 meq/g) (21000 # & A fil
D 80% /& & rFi L 7. — 77 QPE-2 i 24 B[ % A%
BT A K& VBB MK U7z, 300 R DU 315 31
TWEN, A VBEENNETE L, 572 F) T 2=
LUK A HLD AN QPP L, kR T —F L
QPE-2 12N 7= Rk &R L 7z,

100 ——————————————————
B —8— QPP (IEC=2.0 meq/g)
. —O— QPP (IEC=1.3 meq/g)
E 80 —A— QPE-2 (IEC=1.0 meq/g) —
@
E 3
> 60
=
S 40
©
c
s | i
ZOM/%
0 500 1000

Time (h)
E10 7LhYREHTOREMHR

3-8 WX v X MEICK ZRIRDIEE

AW TIRAEEF v 2 PEICKDEZFRL T 5.
FEERE L NI TR HICHIETRE TS % 28, A K-S
AR L 2\ E RIS O 23 C oo, Sk O RORHE itE
At Z 3 K O R TH— L RPBEIZE 5T % 7

», WEELD TR IRED K IEE % G L 72

EOMEII TR & IXIEFRROHE T, (KElREE %
FIF L 225 oz, oK E 0%, WEFEE O 150mm
X 150mm 7> 5 250mm X 250mn N 3512 KRB L L 7=, fii
AL TW 2 KSR Z () ~> v LB B x 2L
90C—T70CALEH L TEVRE D & #, L0 EEE
57 ARNEMHHT 58 EDOURENA 7-.

QPE-1 (TMA) 5.0z # DMAc 120ml IZVAfR X &, & v
F 7L —=1F55CTWL D ENIEL TRKL 72, %
RN EH L, BEEE2 L4 YLy =2 T25 2T HIE L 72
FER, HOE X1340~98 um CEHJE X 58 pm) LJEA
DL PET . THERIRDOFEIZL D, BIHSE
S CIRIBENRNS—THh 72720 Th 5. LiL, Hhi
DS ($9150mm X 150mm) 1%, 53~63 pm & IEFIZH—
KIRAMD I ENTET.

5. ¥

INETQPEMIFRIRAR Y v —%2 oo X FLLL
72D BMAL LU TEELL Tnv=28, 7 o a X FIALKS
I EEL < AFHAREAHHAL T3 Z &h 5650k
EatL7z. ez, 73V EHT3H-5T ) ~v—
%Y 27 x/—)L (DHDPE) & &7 I » @ Mannich X
X DAR L., 2O/ v—4EHAL, 7IVET
N FALANC & O U L3 %, & O EfH 2 QPE AR
AT U7z, BEA AT VB ARDERINITE A 0B
L, BET7TILELY VEZ YL, BRT7VEZY A
BEEA LT URMILE LTHY 5 QPEEA AR L TR
fliL7z. 7IAFLIEOEAIROGKELKF X, T
U 7) BRI COREMENE E L2, LA LKA +
MEEEAE LK F XS 20FEMAMTIE AN &2
INE N F BT T — FOUKEE DR G R
Iz, ZZTHASIZZ—TAEREEERVRY
T oL URSEAEA L -EREE (QPP) A H72IA
JR U7z, QPP AEY 72 =L Vv ORIE G #ED -9
BWEKRR AR A, BEhOARNA F VR 5hR I
FHZN, QPEMX D EWA * V8 A RTEN K
TdH -7z 40C 1M KOHAKE R T DR EMERRE T,
QPE B FERF I T A 4 V{AEE A K E KN L 22,
QPP 2 1000 8% & @A A VEEEEZ R L, &
WEREM AR 7.

il

i

942 7= DI R BN E A0 = 22 8 & 7= 4RI -
FEIC B SR T A VAR ORIIEASYE 2 — v
TRLE B & — ARV < O 7
LET
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