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Two types of novel sulfonated diamines bearing sulfonic acid groups directly
bonded to polyimide main chains (main-chain type) or in the side alkoxy chains
(side-chain type), and the corresponding sulfonated polyimides were successfully
synthesized. Water vapor sorption, proton conductivity, membrane stability toward
hot water, size change with water uptake of the sulfonated polyimide membranes
were investigated. Membranes of the sulfonated polyimides prepared by the proper
molecular design exhibited much better water stability and higher proton
conductivity compared with the conventional polyimides based on
2,2’-benzidinedisulfonic acid.
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Fig.1 Chemical structures of SPIs.
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MARKIER a, O TRL Fig.2 TG-MS spectra of NTDA-2,2’-BSPB.

Table 1 IEC, Water Uptake, Proton Conductivity of SPI Membranes at 50°C

Intensity {-]
N W S
[=) [=] (=)
[%] sso1 1ySram

~
(=]

o]
(=]

SPIs IEC WU [%wiw] o [S cm"]

[meq g“] RH70% 92% 96% 100% inwater 70% 92% 96% in water
NTDA-BAPBDS 2.63 (2.43) 24 40 44 48 ‘103 0.009 - 0.044 0.20
NTDA-BAPBDS/TFMB(4/1) 2.23 25 39 42 46 75 0.01 - - 0.032 0.15
NTDA-BAPBDS/TFMB(1/1) 1.52 16 25 27 30 51 0.0003 - 0.002 0.033
NTDA-BAPBDS/BAPB(4/D) 220205, 23 32 35 37 58 0009 - 0044 Oll
NTDA-ODADS/ODA(3/1) 2.70 2.31) 31 46 49 54 113 0.017 - - 0.24
NTDA-QODADS/QDA(YD,...... 195 21 30 34 35 80 - 0032 - 010
NTDA-DAPPS 2.09(1.98) 23 44 55 72 105 0.01 - 0.049 0.18
NTDA-2,2’-BSPB 2892.72) 25 53 71 99 220 0.05 -0.13 - 0.17
NTDA3,3-BSPB ... .289(276) .. .27 56 71 96 250 0033 011 _ - 020
Nafion 117 0.91 10 15 17 19 35 0.026 - 0.068 0.11
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Fig.3 Sorption isotherms of water vapor

for SPI membranes at 50°C.
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Fig.4 Sorption isotherms of water vapor

for SPI membranes at 50°C.
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Fig.6 Proton conductivity of SPI membranes as a function of water uptake at 50C.
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ZRLE, +3ICKMUAERECTIE, 7o b cBIIULERAKS M) v 7 ABRERE
NTREBY, cDEWVE, Yo brIFy VY —BEOEVWCLLEELLND,
NTDA-2,2’-BSPB IR D 7' v ks MREEE DR ERFEN % Fig7 IR T, BEO LR L&
W, EEEIIRAICEMNL, 20%, BIF—EBIZR>7-, &\ RH TOREEDRE
EFHEIX . 80%RHTOZEN L VD LKENo7-, 2 D SPIEIX.105°C, 80%RH T 0.2S/cm
Z LT, 120C, 50%RH T 0.05S/cm &R0 BWEEELZA L, 1000CLLEDEET
80-50%RH TOREIBHFERHICE L TWHEEZ LN D,

3.4 TAKME L AKEIZED 1 XEA

SPI IED KT T BTHAME (WAME) X, BEREZ 80COB A F o KICEBEL, B
MEEZR) EFTORBEMICL VML, EREOBEOH EELEIT, BE 1200 &
BV 72 & SRR+ 2 03E 2 & Lz, Table 2 12 80°CKHF TD WU & itk
HOERERT,

EHEFER SPIIX, Figl WL EBELTT LI, ANVKVBERST I EORKE
LTS 7= VRICHEALTWBEEAL T 1 L FNUAD T 2= LBRIZEA LTV
AT 2ENETED, AVKAUVBEIETFRIKOBRETHY, FA T 2DRL
RO T I OEBENIZZ AT 1 X0\, Table 2 13, 7 I UEEMEBRVITLE,
LTLTC=TFTNVERET VIRV TAREHEED SPL IV REMAMICENRLSZ L%
ARLTWD, ZTHiT, AVKVBY T IVEREOEEERBE VT YA I FEEOMASL
BB INDED, £, JUVF P TTARTHIZEARNEICE BEFECT. 5HF
HOBMBEZ VST WD EEIOND, #A T2 T —FAKEE 20807 =
L& ¥ 7 V72 #E3E O NTDA-BAPBDS 7% 80°C T 1000 BfEi UL BN =AML H L=,
—JF. #4771 TRIE/:#1% D BDSA 75 @ SPI |3, NTDA-BDSA/ODA(1/1)D D X
21T, BRbLEWVIAEE R L,

A SPI 13, ANVEKUVEBENRT I VEOEA L TWVWE 7= L BIZ7uRF IR
EALTHALTWY

E0OT. HAF2 LR Table 2 IEC, WU and Water stability of various SPI membranes

IEC wuU® Water stability

RELTZERL I, SPIs B : —
ST I OB [meqg’] [*%g/g]l T[C] Time ) [h]
B EREmANS NTDA-BAPBDS 2.63 107 80 >1000
AT 5., %1, 100 >350
NTDA-2,2’-BSPB  i*  NTDA-BAPBDS/TFMB(4/1)  2.23 82 80 1440
80°C T 4000 FFRE LA L 100 150
DB bHE VAN S  NTDA-BAPBDS/TFMB(1/1)  1.52 - 100 >350
KL, ZDHXA 7D NIDA-BAPBDS/BAPB(4/1)  2.20 73 100 >450
SPI /X, Bi/AKMEDRY  NTDA-ODADS/ODA(3/1) 2.70 - 80 10
A I FEHEFEREEHE  NTDA-ODADS/ODA(1/1) 1.95 87 80 25
BAKEDO T B RX  NTDA-BDSA/ODA(1/1) 1.98 79 80 3
ANV BRIEE &Y NTDA-BAPFDS/ODA(1/1) 1.71 78 80 26
I S BEEE L NTDA-DAPPS 2.09 - 80 200
T, ALK ERENRY 100 16
Y FIRTF ¥ XV NTDA-22-BSPB 2.89 ; 80  >4000
EEBHL TS 100 >1300
REPEZSRIR S 1. By NTDA-33-BSPB 2.89 . 80 1000
MAEIZ. ZDI s 100 700

MOoMEEICERT

o= a) in liquid water at 80 °C for 5 h.
BIEBELLNS, 1

b) Elapsed immersion time when the samples began to loose the mechanical
strength, >: stability test is going on.
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ZE{R 70%RH FHE TR OKF CEBICZEL SPLIEDOEE o & WU, % L T 70%RH
RERLLELEODKPFTOEDY A LA, LAl % Table 3 177, EHH SPI
TiX, NTDA-BAPBDS X NTDA-BAPBDS/BAPB(4/1)» & 9 iz, EiE (20C) kF ToD
A RAEITEFRITH - -, ISR SPI TiX. NTDA-DAPPS % IEC 2M& < WU b/
S EFWY A4 XL &R LA, NTDA-2,2’-BSPB & NTDA-3,3>-BSPB i WU & K
T, At B2EBELREL, ALIXZE 0o THY ., BEFmICKELEELERS R
CITIEEAEEE L2, FELVWRFEOY A AEBbEZ TR LT, 2 b D SPI EDS,
RIFEOBNEAFTO Y 2R TWNWAZEEZRBLTRY, SBEOFREPIHLETH
%,

Table 3 Density, Water uptake and dimensional change of SPI membranes at room temparature

SPIs IEC RH 70% in water Dimensional change
meqg'] o (gem®) WU o (gem®) WU  AtJ-]  AlLJ]
NTDA-BAPBDS 2.63 1.399 24 1.274 75 0.16 0.15
NTDA-BAPBDS/TFMB(4/1) 2.23 1.406 25 1.294 67 0.14 0.13
NTDA-DAPPS 2.09 1.405 22 1.305 53 0.10 0.11
NTDA-2,2'-BSPB 2.89 1.438 20 1.142 208 2.20 0.01
NTDA-3,3'-BSPB 2.89 1.402 20 1.130 220 1.80 0.11
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IZ7R9, NTDA-ODADS/ODA(1/1)& ¥ NTDA-BAPBDS 7> 5 {ES L 72 MEA D523 F W
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Fig.8 Potential vs. current density for single cell of sulfonated polymer.
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1) FHEHEBR LSO 2BED SPI A/ LT,

2) XV T VFUTATHEMEDLI VBN ALR AT I UL OEHERKEE O SPI,
NTDA-BAPBDS X, BDSA & ® SPI {ZHE~RE L BmWlAKMEEZ R L7, AISHE D SPI,
NTDA-2,2’-BSPB i3, J bENZMAMEEZ R L, A AL U v FR ALV OFEERE X
biILb,

3) WSRO SPI X EHEREA SPL L VRV WU IZL 2L TEWT e b &M
™7, $IZ. NTDA-2,2°-BSPB iZ. 80-105°C DiRE. 80%RH T 0.2S/cm O /W7 1 b
MEEMETRL, REEMAOE S FEMRERE L L USHARHIRIND,

4) NTDA-BAPBDS H 5 1ER L7~ MEA iZEBEN - REEMEEEZ2 R LT,
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