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Table 1 Ion exchange capacity (IEC), water uptake at room temperature, and proton conductivity (o) at

100% relative humidity and room temperature of various sulfonated polymer membranes.

Membrane IEC[ meqg ] Water Uptake[ %) whv] 6[S em ™|
S8 1. 41 — 0. 050 6
SSEBSa — 50 0 032 81
Fluorinated Ether Copolymers 1.31 ~50 0 0021 82
S-BSU 1. 40 12 0.01 41
1.70 39 0.08 45
2,40 148 0.17 41
S-ISU ( crosdinked) 1.45 67" 0. 053 49
1.57 1930 0.17 49
S-PA EK-6F-60 1.93 157 011 61
S-PPBP 2.00 32 0. 010 61
S-PBs 7.50 — 0. 020° 7
S-FoP 1.40 48 0. 050 65
S-POP ( crosslinked) 1.40 33 0. 040 65
S-pp @ 2. 60 78 0. 090 62
S-PI 272 222 0.22 28
Nafion 117 0.91 30 0 06¢ 8, 65

“S-SEBS and S-PP refer to Sulfonated polystyrene-block-poly ( ethylene- ran-butylene) -block-polystyrene copolymer and sulfonated poly phenylene respectively;
bMeasured at 80°C; cMeasured at ¥4 relative humidity; IMeasured at 15 C.

—. ot available from the literature.

2 50 C
Table 2 Proton conductivity (¢ ) of various SPI membranes in water at 50 C

Membrane IEC (meq°g™!)® 6 (S"an™1)

NTDA-ODADS 3.37 030 14
NTDA-2, 2 -BSPB 28927 02 28,19
NTDA-3, 3'-BSPB 2.8 (2 80) 0 21 19
NTDA- BAPFIS 2.70 0 21 15
NTDA-ODADS/ODA( 3/1) 2.70 0. 21 15
NTDA- BAPBDS 263 02 17
NTDA- i BAPBIS 2.63 0 21 30
NTDA- mBAPBDS 263 017 30
NTDA- 0BAPBDS 263 — 22
NTDA- BSPO B lm BAPES (9 /1) 240 023 27
NTDA- BAPFDS JODA(2/1) 209 0 17 15
NTDA- BAPFDS JODA( 2/1)- s 2.09 0 19 15
NTDA-DAPPS 209 (L 98) 018 18
NTDA-ODADS/ODA( 1/1) 1.95 0 12 14
Nafion 117 0.91 0 11 17

“The data in parenthesis are experimental values and others are calculated values.



° 14 - 2007
80°C 100°C 120°C EC meqg g ' Polymer
. ® 148 2a 40
H A A 1.50 i —~ O S-PPBP (30 mol%)
X m n (eR-1] Nahontt2 =2 ® S-PPBP (65 mol%)
o 1 T T T 3 O 5-PPBP (80 mol%)
E : =< 0w S.PPBP (85 mol%)
» 10 1 . ® ] % & S-PEEK (65 moi%)
= | : =
z -2 .-..- 2 é 5
%10 { ‘ -_.E 0 b
5] .
15 103 g & Ae §
[+] J
< 10* "_’ g v o !
s 1 Re s -
a 10°% ry
" A - A - 1 " A [] ld_. i i i "
0 20 40 60 80 100 o wm e @ m w
Relative humldilyr’% Relative hum(dﬂy}%
(a) (b)
! “EC : 5;‘ 1 = .
0 NTDA-oHAPRDS T4 ] \
& NTDA-oBAPBDS/BAPBYY) 189 7
O NTDA-0BAPBDSMBAPPS(21) 183 2. MIDALZ. 0000
O WTTIA-sHAPRITS DAL ) 141 in O WNTA-1V-BEPH )
o @ NTDA-cRAPEDS0BAFBII 189 F — 4 NTDA-BAPADS {ref 14) ‘2
: o NTDA-BAPRDS 263 o E W a Nafion 117 3
Y. " Ul A > oS ;
E 2.
S
5 °
t 0o > g |
= 3
o { 3]
: 3
=
ool p
0001 38
J
@ 0.0001
2.0001 A 0 W M W 40 5 s T0 OB W 100

0 » W @ B 100 Relative humidity/%
Relative h(l.glldityl% @

21
Figure 21 Relative humidity dependence of the proton conductivity of various sulfonated polymer membranes:
(a) main-chain type SPIs from ref.[ 22]; (b) side-chain type SPIs from ref.[ 19 ; (¢ SPSU from ref.[ 48§ ;
(d) SPEEK and S PPBP from ref.|[ 6]]
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Figure 22 Synthesis of sufonated polyimides (sequenced)
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Table 3 Water uptake, water stability, and dimensional changes of various SPI membranes
Membrane IEC* wub Water stability Dimensional changes ( %)
(meqeg ') [8/100g polymel gy erapure/ C Time h AL Ay
NTDA-O DADS 337 — 50 < 2 (disolved) M M 14
NTDA-ODADS/ODA( 1/1) L% 87¢ 80 25 M M 14
NTDA-BDSA JODA( 1/1) 1. 9% 79¢ 80 55 M NM 14
NTDA-BAPFDS 270 122 80 <5 (dissolved) M M 15
NTDA-BAPBDS 263 (243 107 100 1000 16 32 17
NTDA- iBAPBDS 2 63 23 80 80 M M 30
NTDA-m BAPBDS 2 63 184 80 <2 (dissolved) M M 30
NTDA-0 BAPBDS 2 @ - Lt Dissolved — - 22
NTDA-DAPPS 2 M 105 80 200 12 15 18
NTDA-2, 2'-BSPB 2.89(2 72 22 100 2500 220 2 19
NTDA-3, 3'-BSPB 2.89 (2 80) 250 100 700 180 23 19
NTDA-BSPO B lm BAPPS(9/1) 2 40 160¢ 100 >2000 150" 7 27

dThe data in parenthesis are experimental values and others are calculated valuies; P 50 C; e80 C; 4100 °C; eroom temperature; — :
NM: not measured.

infinite ( di ssolution) ;
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Table 4 Changes of mechanical properties of sulfonated polyimide membranes before and
after seaking in deionized water under different conditions
Membrane Soaking Treament Conditions ~ Maximum of Stress/MPa Elongation at break /%

NTDA-BSPFO B /m BAPPS(9 /1)

NTDA-BAPBDS

NTDA-ODADS/ODA( 1/1)

NTDA-BAPFDS/ODA(2/1) a

NTDA-BDSA /ODA( 1/1)

No Treatment 80 2.5 27
25C, 6h 27 7.5 27
100 C, 12h 14 6.5 27
100 ‘C, 100 h 12 27 27
No Treatment 54 58 17, 86
100 C, 10min 31 109 17, 86
100 C, 10h 22 64 17, 86
No Treatment 103 102 17, 86
100 C, 3 h 32 46 17, 86
100 C, 10h - - 27
No Treatment 65 39 86
100 C, 10min 18 25 86
100 C, 30min 12 11 86
100 C, 2 h - - 86
100 C, 10min — — 86

—: could not be measured because the membrane became highly brittle.

SPI . 4

.NTDA-BSPOB /m BAPPS(9 /1)
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80 MPa, ( 6 h) 27 MPa.
100C 12h 14 MPa. , ,
100 C 100h 12 MPa, . NTDA-
BAPBDS , 10h (22 MPa). NTDA-ODADS/
ODA(1/1)  NTDA-BAPFDS DDA (2/1) NTDA-BSPOB /m BAPPS (9/1)  NTDA-
BAPBDS, NTDA-BDSA DDA (1 /). NTDA-BDSA DDA (1 /1) SPI
, 100 C 10min BT
(150 ~200°0) ,
NTDA-2,2-BSPB NTDA-BSPOB/mBAPPS(9 /1) SPI
[19.27
SPI
3.4
, HOO° HO-
Fenton , Fenton ( +
) .5 (
SPI)  Fenton , Nafion ,
5
Table 5 Results of Fentoni s reagent test of various sulfonated polyimide membranes at room temperature
Membrane Thickness/*m T, h 7, h
NTDA-ODADS/ODA( 1/1) 29 20 % 14
NTDA-ODADS/BAPB( 1/1) 37 29 k) 14
NTDA- BDSA JODA( 1/1) 21 13 20 14
NTDA- BDSA BAPF( 1/1) 4 23 2% 14
NTDA- BAPFDS JODA( 1/1)-r 3 18 2 15
NTDA- BAPBDS 35 22 2 17
NTDA- DAPPS 0 10 3 18
NTDA-2, 2 -BSPB 16 18 2 19
NTDA-3,3 -BSPB 2 13 16 19
Fluorinated Ether Copolymers 100 4 6 82
Nafion 117 180 > 168 h Unpublished data

“ 7y and T, refer to the ehysed time that the membranes became a little brittle and started to dissolve in the solution, respectively.

3.5
Membrane Electrode Assembly (MEA)
MEA ( polarization curve) . MEA ,
24

MEA [ 8]
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Recent Progress in the Development of Sulfonated Hydrocarbon
Polymers for Fuel Cell Application( II)

GAO Peng, GUO Xiaoxia, XU Hong-jie, FANG Jian-hua
( 800 Dongchuan Raad , School of Chemistry and Chemical Technology, Shanghai Jiao Tong Uhiversity, Shanghai 200240, China)

Abstract. This article eviews recent progress in the development of sulfonated hydrocarbon polymers as
electrolyte membrane materials for fuel cell application. The relationship between polymer structure and the poton
conductivity and water stability was discussed in detail. Sulfonated polymer membranes with high ion exchange
capacities ( IECs) generally have high proton conductivities at high relative humidities (= 80%) but often suffer
from their poor water stability because of over-swelling of the membranes. Some sulfonated polyimides and other
sulfonated polymers with both high poton cwnductivity and water stability have been successfully developed and these
membranes showed better fuel cell performance than the widely used sulfonated perfluoropolymer Nafion. However,
there is still a common problem associated with all the sulfonated hydrocarbon polymers developed so far that their
poton onductivities are too low (much smaller than 0. 01 S°cm I) at low relative humidities (< 30%) and this
needs to be solved to meet the equirement for practical use. In addition, membrane stability including water stability
and radical oxidative stability at high temperature is also needed to be further improved for medium temperature ( 150
~200 C) fuel cell application.

Key words: Fuel cells; Proton exchange membrane; Sulfonated polymer; Synthesis; Proton conductivity



