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il 25 2%, DL AIBN g fEfb 7], 38 i 2R 4 v 9 Cl
JRF 5 =T REAS) TR R R A A N,
SEPAL R E AL, A Tz R
— R R A =T R Y k.

Table 1  Synthesis of P ( VDF-co-TrFE-co-CTFE ) with different

molar contents of Cl atoms *

P(VDF-co- THF AIBN n-Bu3;SnH VDF/TrFE/CTFE
CTFE)(g) (mL) (mg)  (mL) (mol% )
R1 5 70 70 1.10 94.0/5.2/0. 8
R2 5 70 52 0. 85 94.0/3.9/2. 1
R3 5 70 35 0. 60 94.0/2.6/3. 4
R4 5 70 20 0.45 94.0/1.7/4.3
RS — — — — 94.0/0.0/6.0

* The reaction is carried out at 120C for 24 h.
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Table 2 Preparation of P( VDF-co-TrFE-co-CTFE ) -g-PS with different grafting structures *

VDF/TrFE/CTFE VDF/TrFE/CTFE/St Branch Length Graft Density Conversion
Run St(mL) BPY(g) CuCl(g)
(mol% ) (mol% ) ('St units/Branch) (mol% ) (%)
R1-1  94.0/5.2/0.8 5.0 0.5 0.15 94.0/5.2/0.8/36. 1 120 0.3 24.7
R2-1  94.0/3.9/2. 1 3.2 0.5 0.10 94.0/3.9/2.1/29. 4 37 0.8 30.8
R3-1 94.0/2.6/3.4 3.3 0.5 0.18 94.0/2.6/3.4/29.5 21 1.4 30.6
R4-1  94.0/1.7/4.3 3.4 0.5 0.24 94.0/1.7/4.3/28. 1 17 1.7 27.8
R5-1  94.0/0.0/6.0 — — — 94.0/0.0/6.0/32.7 14 2.4 —
*2 g of P(VDF-co-TrFE-co-CTFE) and 40 mL of NMP was used and all the reactions were carried out at 120°C for 24 h.
Table 3  Preparation of P( VDF-co-TrFE-co-CTFE ) -g-SPS with different grafting structures *
R VDF/TrFE/CTFE/St H,S0, Acetic anhydride Time DS* VDF/TrFE/CTFE/SSt/St
un
(mol% ) (mL) (mL) (h) (% ) (mol% )
R1-1-1 2.0 6.0 4.0 55.1 94.0/5.2/0.8/18.9/17.2
94.0/5.2/0.8/36. 1
R1-1-2 3.0 9.0 9.0 100 94.0/5.2/0.8/36.1/0.0
R2-1-1 1.0 3.0 1.0 62.1 94.0/3.9/2.1/18.3/11. 1
94.0/3.9/2.1/29. 4
R2-1-2 1.5 4.5 3.0 86.3 94.0/3.9/2.1/25.4/4.0
R3-1-1 1.5 4.5 3.0 39.0 94.0/2.6/3.4/11.5/18.0
94.0/2.6/3.4/29.5
R3-1-2 3.0 9.0 3.0 88.9 94.0/2.6/3.4/26.2/3.3
R4-1-1 1.5 4.5 4.5 50. 4 94.0/1.7/4.3/14.2/13.9
94.0/1.7/4.3/28. 1
R4-1-2 3.5 9.0 13.0 94.7 94.0/1.7/4.3/26.6/1.5
R5-1-1 3.0 9.0 4.0 54.9 94.0/0.0/6.0/18.0/14.7
94.0/0.0/6.0/32.7
R5-1-2 4.0 10.0 8.0 81.7 94.0/0.0/6.0/26.7/6.0

* Reaction condition;2 g P( VDF-co-TrFE-co-CTFE ) -g-PS was dispersed in 50 mL of 1,2-dichloroethane ,and the reactions were performed at 50°C

for 24 h. * DS:degree of sulfonation, the percentage of sulfonated styrene units among all the styrene units grafted
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Fig. 1 'H-NMR specira and the assignments of P( VDF-co-CTFE)
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(RI-1-1) (d)

2.2 RAVMBESBEHESHT
Ak 5 1 3 3R b R A B KR (R
REW T4k ) FEKAH (BRI 2 MEE)
M, e Wy 25 T I R [R) 2 B B A 43 B 4544 [+]
B, BT B R A K R Rl & 3
REYH B RS 225. R TEM YRR #2545
SRR W TOAR 43 85 HEAT A0 BT, IR 2 45 1
T Fh A 5 P ( VDF-co-TrFE-co-CTFE ) -g-SPS
LY (R5-1-2 1 R1-1-2) Y 1 1) 385 55 HL A IR B
CEATEA M IE B PVDF 4%, #HLEY SPS & &
(VDE/SSt 2525 100/30) , {H 2 3B B (4351 R
0.4 mol% I 1. 4 mol% ) FI4E kLK FE (SSt HLIT
IR 79 1 26) AN HEECE B E R EY T,
FEAAH (LS vh R BB 43 ) A IR 0 78 53 AT 32 232
K AR 1, FOE 35 Nafion 2501, LZ5H |-
Uk, B2 A 5 A R R A Wt 5 Nafion B 42
. M Nafion [V BE AT 0, 5 7K FH 3 Ff 25 1%L 4
A4S AW T K B Ay, BV SR 0 1 i
IR EREAG. T Y R A WA B BRI, B R e L
BA B, SRR T B AR Y T A0 , 224k
5 g KA IR , O A05 SCHR [ 16 ] 36 ) i BL 4

RSP, T REJE K R 5 Wk B i i 5
BRI O R

Fig. 2 The influence of grafting density on the morphology
of sulfonated copolymers

Samples were R5-1-2 and R1-1-2.
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Fig. 3 Water uptake versus IEC for sulfonated graft copolymers
in Tables 3
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kJ mol =", FEARAL (1 15 Ak E 1T LA f# B¢ Nafionl12
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Fig. 4 Comparison of proton conductivity against relative humidity

between R1-1-2 and Nafion 112 PEMs at 30,80 and 120°C
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I 2 L 1 T v 2 R s A, 7 0 A A N R T
JET IR B RAE, X AT Nafion 517 .

SRE, BAT TEC (AR A % (0. 3
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T Vo B R B 1 B8 0 B A B 3 AT 1 A 4
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BRI T R B i A% R SR AR
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PR 4 A PERE , 78 R TR T 5T S 8 U 2 25 R
oy Sk RE.
Table 4 The influence of grafting density on the proton conductivity

of sulfonated polymers

Graft densities 25°C@  Proton conductivity(mS/cm)  120°C

(mol% ) 80% RH 120°C@70% RH @50% RH
0.8 120 55 7
1.4 82 130 14
1.7 70 139 25
2.4 55 — —
3 #ig
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SACR N F ATRP S0 il 28 FF 58 T — ZR 51 A
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SYNTHESIS AND CHARACTERIZATION OF
P( VDF-co-TrFE-co-CTFE) -g-SPS

TAN Shaobo', YANG Qinghao”, ZHANG Zhicheng'

(' Department of Applied Chemistry, School of Science, Xi’ an Jiaotong University, Xi'an 710049)
(?College of Material Science & Engineering, Xi'an University of Science & Technology, Xi'an 710054)

Abstract Proton exchange membrane fuel cells (PEMFC) have attracted considerable research interest for its
advantages in cleaning energy such as no pollution and no warm house gas. Although the mostly investigated
Nafion series products possess excellent properties, their low conductivity at high temperature and low humidity
as well as their high cost is still limiting their application. In this work,a series of poly ( vinylidine fluorde-co-
trifluroethylene-co-chlorotriflurethylene ) -g-sulfonated polystyrene P(VDF-co-TrFE-co-CTFE) -g-SPS)
copolymers with tunable graft densities and branch lengths are synthesized using commercial P ( VDF-co-
CTFE) wvia a route including partial hydrogenation, ATRP and sulfonation reaction. The structure and properties
of these polymers are carefully characterized with NMR, TEM, water uptake and proton conductivity
measurement. The influence of test condition and polymer construction on their properties has been well
discussed. It has been shown that the graft density governs the phase separation of the resultant polymer,and
therefore its water uptake and proton conductivity. The copolymer with low graft densities shows larger scale
phase separation , higher water uptake and larger conductivity at low temperature. As temperature increases, the
proton conductivity of the copolymer with low graft density increases. The copolymer with optimized composition
exhibits even higher proton conductivity than that of Nafion-112 tested at a relative humidity over 50% in the
same condition , temperature range 30 ~ 120°C. Therefore , it is expected to be an excellent PEM materials with
low cost.

Keywords Proton exchange membrane (PEM) , Graft copolymer, Proton conductivity





