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L2 BE2,5-Z((ZHEE)IERE)1,4-Z
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M2 LA =0, i AR (110 g, 1
mol) \ZHEHEE (72 ¢,2. 4 mol) MIHIZE (1 L) I
P 1 S, S8 I 30% Ay R R e K
VWL (33 g,2.2 mol) Il 12 h. S h 58 52, ¥ )
BER, A REAGIRE. Sk, T 55 R
2,5-Z((H A ) W Bk ) -1, 408 i (1)
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ML LA = HHP, mA 2,5- = ((ZHE
Fo) W AL ) -1, 4- 4 1 (1) (48.8 ¢,0.2 mol) |
K,CO,(61.1 g,0.42 mol) . % % iy 3£ % (62 g,
0. 44 mol) fll DMAc (1 L) 5t $f, I 78 120 C 2 )
48 ho ¥ =i A 2 Lo K il i g, TR A
FEL™ . A5 3 A 4 P H K FE 45 4 3 kAR
FEERE A 2,5-Z ((ZH ) W) -1,4-
OO AR AR ) R (2) (21 ¢,12% ).

] 500 mL $L R mA 2,5-Z ((ZH &
o) W F ) -1, 4- (O ik OR SBRE) R (2)
(10 g,0.021 mol) . 10% i4 Pd/C (0. 64 g,3 mmol
FKEN 50% ) F 95% £, 1 (200 mL) | i £ 4
HEEIMA 60% HyKEWE(T. 1 g,0.084 mol) , 4K
J& IR RN 9 he J g SE 5 2 BRGT UE R BN
RAEZR|MAHNVINE. S8 THREMHE2,5-
O W ) -1, 4- (O R AR A )
# (DMAPB) (7.2 g,84% ).
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L SPI-40 B4 R 4% NTDA (2. 682 g,0. 01
mol) . ODADS (1.441 g, 0.004 mol ), DMAPB
(2.439 g,0.006 mol) . # HI iz (1.587 g,0.013
mol) .= Z % (1.214 ¢,0.012 mol) il A F A <
R4 20 mL i) H /5 v, I 2 80 C g k. S
4 hJ5 TR 180 CHigHk 8 h. [ 58 &2, B A
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Jeie W k. 45 20 1 ok ik g, R B R 3 RS L E
80 CTFHZETH6 h.
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TC = LM W W 5 - 52 6 56 B2 BOCH IR AL 500
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1.5 FERIRAE

21 4b % 3 43 #1 ( FTIR ) B Bio-Rad Digilab
Division FTS-80 X ##li , #% % I 9% ('H-NMR) i
Brucker-400 %Y 4% f 3 # 3% A 00 3. A5
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B (THEHE A 10 K/min, Z RS, i & 100 mL/
min) . 5 59 AL PE BE 1 Instron-1211 #2457 2 1
A A, P I A9 A B R S mm/min. A
Fb 191 f4 B i 22 /0 3 YR DA LABRAS S 4 4H.

JiE 5 7K it (water uptake, WU ) ]+ 1 7K 5 ¥4
M. AR S0 C LB 7 /KPR 2 E &AL A
AR PR E RS TR BT R W, B2 T4 12 h
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WU = (W, - W,)/W, x 100% (1)

W IR AE 25 B 7K S R PR3 24 b, K
JE2 0. 1 mm J# b5 K RAVKE EE 24 0.001 mm (T
3 RO S 0 e 96 285 M5 14 8 1) A D 1) B9 RS, 23 )
IR LR e g AR 25 AP T 0 TR A A D7
o) Kb 324 LA e IF A 30 (2) F(3) 35 AR
o] A 1) ROF 922 4 Ar AT AL

At = (t -1,)/t, (2)
Al = (1 -1,)/1, (3)

JoT A% i A% AR AR SOk [28 ] i O vk s, H
H A2 B BT A 2 B8 Y H BHL. 52 58 7E Solartron
1255B i % 4% ( FRA ) /Solartron 1470 H, jth M) 32 £
JC b HEAT . B AN F it 0 B T 38 i TEEE Bt
i ( National Instruments) A543 HLAH % |, i B 4%
{4 Zplot/Zview ( Scribner Associates Inc. ).

9% 385 AR SOk [ 28 ] A J7 125 2R 47 Ik
o1 2 DXEFRAYBLEEF 2 A B AR AL, P 5 b a) DL fr
DR ES. A B 3 73 50 2 A [A) (A B B K R
(¥ 0. 0634 g/mL) FZEWK , B HE. 4 h )5,
BB AR WOTIC S ] ¢y, B UM €3 0
B EAT IR AR 0 e, BER% 1 h B I BOF
Xof H o B A7 k. A SR S YR, R (B
B2 24 g/ mLL) TR ) B 45 6 47 9 B2 Bl I ) (B2 Sy
) AT A5 B R kOO A S (4) BT HE,
T 3] A PP 98 3 R

(4)
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DMAPB 45 8} b 4% i 55 Wy i i AL B2 13 3] — &
BN F AL BE R (X = 40% ,50% ,60% ,70% ,
80% ) fifi Ak B Wt 0. e SPI-X. SPI 45 fisf 1k 2 It WV iz ,
X F8 (0 2 fif Ak — e 1) B JK A 43 b & & (LA NTDA
FERAE). B 2 3k SPI gy FTIR 3% &, 1718 cm ™'
(v,,(C=0)),1670 cm ™! (0,0, (C=10)),1340
em ™' (v, (C—N)),1072 em ™' (v, (S=0)),
1024 em ™' (v, (S=0)). WNLLAMEE K E , 145
THIRREY.
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Fig. 2 FTIR spectrum of SPI
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F 15t T SPI M &k &E. 5 HEMiLE
i ST B A Ak A AL, 04 5 S0 D il b 3R 0k I
FEE By B 7K ek B A BB ) 15T 3 K, B % K
M 8.32% (SP1-40) 3% /i1 5] 36. 8% ( SPI-80). X &
DRI A 204 il £ J3E 338 T, ol ] iz K 1) 35 1A 5 5 7K X8
2 MR, A YRR R s Bk, T K R TR T
&L FECR AW S oK E . AL E KT 50%
ER AW B S RN AN R N
PRI Ay Bl o 28 3K B 8 9 /0N, 43 ) 9 A A 7 08
VAN e o TN R 1 BB N 9 R+ I
TR BT R TR 2 ) S 2R T Ak SR I I e 1Y

B 7K A A RO A2 A s AR T — Al 1 2R Tt
Jig. 33X O MBS b B AU R R 2 (R Y RS
TR HRIG 9 T A3 18] AR B AR O AT/ T 43
i ] % 25 () () B 5 A2 BR L T 8 1 — &R 43 AT
W 7K Tt T A, 5 | R i b 3R T I i R K R
Rk, DT A 2509 o B 1 i i
2.4 BEURmMTEMNSBEMBERMEE

1Mo T SPIRRAEARNR B T LB FKh
M B FAE % R 1 rh ] LUA B BT 1%
2 I R 8 T o T a2 PR A IR R R AR
TR R EE A 5K S G AR T B TP
U5 i =3 T 7 L A A (== o O < <
—SOHA] i # iy F2 B2 19 fn, £ {5 £ —SO0,H 1y
BRis gl e 7 RS 0, e A 5 BUTR 1L g )
P 1G98 FE AR [R) R BE R, BE A SRS i Ak BE Y 15 n
P 4% i 2R AE 1 I 3 2 R S R G Wi AL B
T B, K ', BRI s 2 K IR HE R,
SR K DX [H) B 3% 22 B R 0 32 i A v, 1 BT A% B R
RUER it B N B o 7 - 5 A N = 1 R
(1) R0 6 11 5 7K [] B 3 K, DRI O 4Rt R 1 B 6 BT
el A, 5 A i Ak REBEE e R L, B
R T SPI By T 1% i 22 A AR X 322202 i Tl
BE L RR T A AT SRR I Y i TS Bk, X
{45 SPI (19 85 3¢ HX R B2 2ok o, SR 4 T &0 85 7 1Y
gy, T 3O 1% R AR R R S g
e TH 6 T — 38 40 AT WK A sk R 3 14T, 5 B0 b
SR 0 i B 7K o R G W IR MR G R B TR O
— 2 BEAR T REE 1 0T 1% i R

1R S SPT & 51 B A BE e e, il
BE T AR TR AL SR E W e s T RN R
FERAE20 CF R H 23S RECN 2.05 x
10775 5.11 x 10 "em’/s, JL A% T Nafion 117
— B G IF L Bl AR 43 B Y H BB

Table 1  Properies of SPI-X membranes

Crosslink Water Dimensional change Proton conductivity (S/cm) Pyt x107
Membrane
degree® (% )  uptake(%) At Al 20 C 40 C 60 C 80 C (em?/s)
SPI-40 40 8.32 0. 06 0.02 0. 00090 0. 0020 0. 0032 0. 0035 2.05
SPI-50 50 10. 2 0. 06 0.02 0. 00085 0. 0021 0. 0032 0.0174 2.15
SPI-60 40 15.7 0. 06 0.03 0. 00612 0.0125 0.0171 0.0193 2.32
SPI-70 30 25.6 0. 08 0.03 0.0798 0. 0834 0. 0966 0.102 3.40
SPI-80 20 36.8 0.10 0. 04 0. 0875 0. 0987 0.123 0. 146 5.11
Nafion117 — — — — 0. 0958 0. 122 0. 151 0.172 20
BAPBDS-based SPI* — 58 0.20 0.04 — — 0.117 — —
BNPNDS/ODA(7/3) — 44. 4 0.14 0.08 — — — 0.270 98.0

*Crosslink degree; theoretical value;”P,, ; methanol permeability

;¢ Ref. [12] ;9 Ref. [28]
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O B S5, DT A5 PP AR M O 4o i 22 1Y i K
XN — AN FEIK X HE A 55— AR K X, St 1 Y
RH 2 4 e
2.5 BUBRBMIRMKEBEEEMEREYE

Tk T 5 Mok STV Jg 194 7K et P R R R e Y
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- (] B 25 8] 3 K, AR A A5 7K 43 T 5 2 T80
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ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ%@%ﬂﬂﬁﬂﬁE’J7J<$§%‘f$7ﬁi§jt
P52 W), it 18 56 5 SPT Hb (1 56 0 Jie 2R 2 e e
B 7K et A P i

A AR S M DL Fenton S 56 o 455 40045 R} Ha b
TAERRES, s Hr By A b e . Rk 1 em
x1 em [ B3 FE BC A Fenton’s 30 5 (& &
30 x10°° ¢/L FeSO, 1 30% H,0,) ", =R &1
T I SR R R i ] 2 B T g
REL il A 3R T e I B AT bR Y AR
P, FEAS T R F b ) i

Table 2  Stability, oxidation stability and mechanic properties of the SPI-X membranes

Crosslink Water stability Oxid'fu'ion Young’s Maximum Elongation at
Membrane d (% ) : stability modulus ( GPa) stress ( MPa) break (% )
egree” (% Temperature (°C) Time (h) time” (h) Sress
SP140 40 100 1000 20 2.02 81.2 14.0
SPI-50 50 100 1000 18 1.78 66.3 17.6
SPI-60 40 100 720 15 0.963 51.4 41.0
SPI-70 30 100 600 14 0.796 36.4 78.5
SPI-80 20 100 560 13 0. 657 30.5 90.2
ODADS/ODA(1/1)° — 80 25 — 1.22 104 126
BNPNDS/ODA(7/3)¢ — 100 240 10 0.958 36.2 138
BSPB/BAPB(2/1)° — 100 > 3000 — 2.1 127 86
*Crosslink degree; theoretical value;” Measured at 100 °C ;° Ref. [11] ;¢ Ref. [28]; “Ref. [16]
2.6 FBEUARMITBEMAZEEFVMERE 100
PR BT (TGA) FI >k 25 48 I8 i #hFa e e
13 W% T SPI-40 R A H R T il k. 15 i SPI g 8y
JREE) TGA T &2l Ml 4% & AU+ SPI R i $4k gb 60}
TSN 3 A BB A 100 C E 160 C 4 47 z wl
FRE e s 3R R KR R s B A AR R B A Z
. &20F
330 °C A2 A7 i 2 3 SR 05 3R 1 1 Bl 1R 56 141 o fie File
SR 55 =4 B AEAE 500 C 24 1K & 2 SPI 0r

1) 2 % 1 2 o T 24 T 51 RS 1. 4% 1 LR 7 SPI
R ) i FAPE BB 98 42 A5 BT - 28 46 B 1 1 FH 25K
£ 2 o T EE S AR SPT B LA PE g
i AT DU 1) % 5 1A U 38 R T R
B B8 1~ 3SR A TR B, $E 8 T BB 11 A ECASE a5t A A
S 7], SPI-40 () 4% [G A5 4t 7] 35 3 2. 02 GPa

0 100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 3 TGA curves of SPI-40 membrane

Fir {55 %y 81. 2 MPa. 5 Nafion 117 M It , KBS
) it A SR T STV i R LA O B ) A EAE B A o 5
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Preparation and Characterization of Sulfonated Polyimide

Membranes Containing Nitrogen Atoms in the Side Chain

Yu-han Li', Ri-zhe Jin’, Lian-xun Gao’®
(' Experiment Center, Jilin Business and Technology College, Changchun 130062)
(* Changchun Institute of Applied Chemisiry, Chinese Academy of Sciences, Changchun 130022)

Abstract A novel diamine monomer, 2,5-bis( N, N-dimethylamino ) methyl) -1, 4-bis ( 4-aminophenoxyl )
benzene (DMAPB) , was synthesized. A series of sulfonated polyimide ( SPI) were prepared from DMAPB,
1,4,5,8-naphthalenetetracarboxylic dianhydride (NTDA) and sulfonated diamine ( ODADS). By varying the
molar ratio of the sulfonated diamine to the unsulfonated diamine, copolymers with 40% ~ 80% sulfonation
degree were obtained. The SPI membranes were obtained via solution casting with m-cresol as the solvent. The
nitrogen atoms introduced in the side chains of the SPI could effectively resist membrane swelling due to the
strong interchain interactions through basic nitrogen atoms and sulfonic acid groups. The copolymer SPI-40
showed higher water stability, it could maintain mechanical strength after being soaked in 100 °C liquid water
for more than 1000 h. The copolymers were thermally stable up to 330 °C and displayed good oxidative
stability. The membranes exhibit methanol permeability from 2.05 x 10" to 5.11 x 10 "em’/s at 20 °C ,
which was much lower than that of Nafion (2 x 10 ®cm’/s). The SPI also showed reasonable mechanical
strength under high moisture conditions. However, the cross-linked membranes showed lowered proton
conductivities than the uncross-linked ones because that the crosslinking resulted in the more compact structure
of membranes,which decreased the water uptake and hindered the mobility of water and H" . In addition,a part
of the sulfonic acid groups was consumed during the cross-linking process.
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