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“Abstract” Novel side-chain-type sulfonated polyimides (SPIs) were prepared from
1,4,5,8-naphthalenetetracarboxylic dianhydride (NTDA), 2,2’-bis-4-sulfophenoxy benzidine
(2,2’-BSPOB) and common nonsulfonated diamines and their properties were compared with
those of SPIs derived from 3,3’-bis-4-sulfophenoxy benzidine (3,3’-BSPOB), 2,2’- or
3,3’-bis-3-sulfopropoxy benzidine (2,2’- or 3,3’-BSPB) and 4,4’-bis(4-aminophenoxy)biphenyl-
3,3’-disulfonic acid(BAPBDS). The former showed the higher proton conductivity than the
latter. For example, 2,2’-BSPOB-based co-SPI membrane with an IEC of 1.89 meq/g displayed
proton conductivities of 0.46 S/cm at 100 %RH and 413 K and 0.05 S/cm at 50 %RH and 393K.
The side-chain type SPIs bearing sulfophenoxy groups were superior to ones bearing
sulfoalkoxy groups concerning the water stability from the viewpoint of proton conductivity and
mechanical property.
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Tablel Water uptake (WU), dimensional change in water, viscosity, degradation temperature (T),
proton conductivity (s) and methanol permeability (Pyg)of SPI membranes

SPIs IEC e Thickness WU® [wt%] Dimensional change® Tq o’ [mS/cm] Py’
[meq/g] ' [um] in water At, Al, ['C] inwatr 70 S0RH% [10°cm%s ]

2,2'-BSPOB 2.63 (2.68) 6.0 28 191 1.29 0059 298 260 93 23 -

2,2'-BSPOB/BAPB(2/1)-r 1.89 (1.94) 5.6 30 78 0.39 0026 300 170 30 7.0 1.9
109° 0.66°  0.032°

2,2'-BSPOB/BAPBz(1/1)-s 1.56 (1.55) 4.0 44 57 0.24 0.024 - 120 14 22 -
73 0.35° 0.036°

3,3-BSPOB/BAPB(2/1)-r 1.89(1.94) 2.7 29 55 0.24 0034 310 140 17 2.0 15
78° 0.3° 0.042°

2,2'-BSPB/BAPB (2/1)-r 202 6.2 27 72 047 0.043 250 150 15 2.8 -

3,3-BSPB/BAPB(2/I)-r  2.02(1.73) 112 27 57 0.26 0.008 - 140 16 1.6 0.92

BAPBDS/BAPB (2/1) -r 189 104 4 57 0.14 0.049 300 130 29 54 1.3

Nafionl12 0.91 - 50 - - - - 140 59 30 4.0

At inthickess, Al : in plane
( ): experimental value, a: 0.5 g/dL and 35 °C, b: in water at 25 °C, e: in water at 100 °C, c: at 60 °C, d: at 50 °C and 30wt% methanol
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Table2 Effects of aging in water at 130°C

Polyimide Treatment condition Sloss Weightloss Thickness M S E Toughness
[mol%] [wt%] [mm] [GPa] [MPa] [%]

2,2'-BSPOB/ No treatment — — 45 2.5 204 50 \
130°C, 192h 11.9 11.8 38 2.0 76 8 \4

BAPBQ2/1)-r .ot 2 - o ) -
20 v 13000 134 , v
2,2'-BSPOB/ No treatment — — 47 \
1 Vv

BAPBz(1/1)-s
2,2-BSPB/

BAPB(2/1) -r  100%RH,130°C, 96h 15 9.4 29
BAPBDS/ No treatment — — 40
BAPBz(2/1)-r 130°C, 192h 8.1 7.3 53

M: young’s modulus, S: maximum stress, E: elongation at break
IV: break when folded back, V : not break when folded back

iR o720 - 7=, BAPBDS % SPI ® 100 °C, 300 h KZIERER CTIE, &AD 2410 T
A I FROMAGRIZE D HFEBETHAR SN, £0O% 300h £ TIRTFMOETITIR
bh$ Y, 22-BSPOB % SPI b AL BEEANEE CVWLHAESELH D,
2,2’-BSPOB/BAPBz(1/1) (IEC=1.56 meq/g)?> 192 h & 300 h ALIEZ D S IEHIHR 11.5~13.4
mol%, EHEHE 6.2~86 wi% Th-7-, LYV EWV IEC 2> 2,2°-BSPOB/BAPB(2/1)
(IEC=1.89 meq/g) DEEIE L 11.8~132 wt% THh ¥ . IEC 2H#l#H+ 5 Z & TEEEKIZM
M T& 7z, BIRVMEEIZDOWVT, &£TO SPHIAIZ L A2 HEEDOE TIXIFEALRDL
Nigholz, WEMWIGT) 38~76 MPa F2EE 2 #E4% L, FFlZ. 2,2’-BSPOB & SPI 13 300 h 4L
%Y 64~71 MPa & &N /1 & R LTz, BEZ OB HEITWTHho SPT b
3M%ENEL A I FEHBOMAKSRIC L 25 TFRETHPEETNHILNEZD
B0, 2L O SPLIZEZ VT T BE2 o0 2%, thiFRLTbHEIN D Z & 722<
BETEAR % {5 L 7= (Toughness V),

130 °C MEABRBELBICL S e b (nEEOEEZHF~ 7, 2,2-BSPOB,
3,3°-BSPOB. BAPBDS H & M3 EA SPI Tid 130 °C MEALEE S 7 2 M REED
ERFIER 53, #F12, 2,2°-BSPOB % SPI T/ 300 h LEEE% L 7' M MREEMMET L
RN EW S BT & R L7z, BSPB & SPI TIX 96 h ALERIRIC 7 10 h AZEE DR
THRLI., MIEEOBBENRBEIND Y, 7=/ FURBEITT LV aX MEHL VRE
Th B,

4, i

B2 T = ) %R 22°-BSPOB % SPI &k LTz, 136 A= B iEm Him & 0
HIEEFmICKE BT 5 RAFAERE %2R LTz, 2,2°-BSPOB/BAPB(2/1)iEfl DL E
A SPL XY bRWEFIRTEVWT 0 h AEF AR L, 100 %RH, 140 °C T 0.46 S/cm,
50 %RH, 120°C T 0.05 S/cm & 100 °C YL EO®mBTEN- T v N M EEER LT,
2,2°-BSPOB »»5 3L EA SPI i 130 °C, 300 h MEKREER 70 M AEE KT
9, BUOBEEIS ) 64~71 MPa & #ERE+ 5 & v ) B 2k 2~ L7-, iR PEFC A
D PEM & L THIFFTE B,
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