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Scheme 1 Synthesis of bisphthalazinone 4
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Scheme 2 Synthesis of polymers 8a ~ 8e
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Table 1 The synthesis of sulfonated multiblock copolymers 8a ~ 8e

Polymer Molar ratio of monomers (4:5:6:7) Yeild (%) p*(dL - g™") IEC" (mmol » g=')  TEC®(mmol - g~!)
8a 10:11:11:10 87.7 0.40 1.26 0.96
8b 14:15:15:14 85.1 0.45 1.24 1.08
8c 18:19:19:18 85.2 0.71 1.23 1.17
8d 22:23:23:22 87.9 0. 65 1.22 1. 14
8e 1:1:1:1 84.4 0.54 1.19 1.17
Nafion117¢ — — 0.91 0. 83

@ Tested in 0. 5 g/dL solution in DMAC at 25°C ; " Calculated TEC of the sulfonated multiblock copolymers; © Measured TEC of the sulfonated

multiblock copolymers; 4 Ref. [13]
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Fig. 1 FTIR spectrum of polymer 8¢
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Table 2 'H NMR data of sulfonated multiblock copolymers 8a ~8e

Calculated H atom ratio of assigned peak to H9 and H19 peak

Integral area ratio of assigned peak to H9 and H19 peak

H1 HS H6 H7  HI1 HS H6 H7
Ploymer H2 H3 H2 H4
H10 H11  HI8 H21 H23 HI0 H11  HI8 H3 H14 HS5 HI5 H21 H23
H4H16 H14 H15 H16
H12 H17 H24  HI2 H17 H24
8a 4.50 0. 50 2.00 1.50 1.33 2.20 4.50 0.53 1.91 1.47 1.35 2.19
8b 4.50 0.50 2.00 1.50 1.33 2.14 4.48 0.53 1.96 1.50 1.35 2.24
8¢ 4.50 0. 50 2.00 1.50 1.33 2.11 4.50 0.51 1.94 1.43 1.31 2.28
8d 4.50 0. 50 2.00 1.50 1.33 2.09 4.51 0.54 2.01 1.48 1.34 2.10
8e 4.50 0. 50 2.00 1.50 1.33 2.00 4.50 0.55 1.98 1.51 1.33 1.97
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Fig. 3 "H-NMR spectra of 8d and 8e

B4 250 T 280 200k A B P R B g R
Wy PEREI IR 55 5 | L2 R 5 Sk i itk
PR 5 Tk T 5 R 2 SR AH AL DA mT DU
REWTE 50 ~600°C Z [8] 4 P A~ By B A9 TR i -
£ 250 ~350°C () 5 151 2% B B U PR 32 0 3
TR 35 A1 11 85 L 7 450 ~ 600°C (1) 5 1451 2% [ Bt
W RA Y BRI R G R, B4 £HIZR
PR Stk B 5 3 1 AR B R 24 T 250°C
VL% 2R 51 W 5% ik B B SR W LA AR I i AR
llﬁal
2.3 FERRKRMBPERE PESER

J AT A Ao B W K Pk B W 7K R (water



8 3] RN TRy AF B G A 25 0 T 25 i B3R 05 T IR 25 SR W H) 5 1 5 P RE 907

100 | 8b

. 8c
X 8a
= 90f 84—
.20 8e
L
=
S 80r
=2
3
4

70

60

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

Fig. 4 TGA curves of polymers 8a ~8e
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Table 3 The properties of membranes cast from the sulfonated multiblock copolymers 8a ~8e

Water Methanol Ethanol Resistance to oxidation® Resistance to Conductivity x 10* (S/cm)
Polymer uptake (% ) uptake (% ) uptake (% ) t; (h) t, (h) hydrolysis ¢ (h) 30°C 80°C
8a 32.0 10.5 6. 38 96 168 UH*® 2.65 3.94
8b 31.6 11.2 6. 64 144 240 UH*® 2.91 5.84
8c 37.4 12.7 7. 66 uD® UD® UH* 2.52 12.5
8d 33.6 12.5 7.11 Up* up® UH* 5.76 13.7
8e 38.3 13.4 7.94 up® uD® UH* 9.80 18.3
Nafion 1179 45.2 Soluble — UD" UD" Shrinking 34.8 —

¢, and t, refer to the expended time that the membrane began to rupture and disappeared in the solution; ” Undegradable after 720 h;

¢ Unhydrolyzed after 480 h; ¢ Ref. [23]

Table 4 The methanol penetrability of membranes cast from the copolymers 8a ~8e

Polymer 8a 8b

8d 8e Nafion 117

Methanol penetrability

0.23 0.24
x 10® (em?/s)

0.27 0.26 0.28 1.36
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SYNTHESIS AND PROPERTIES OF BLOCK IONOMERS CONTAINING
SULFONATED POLY ( PHTHALAZINONE ETHER KETONE)
HYDROPHILIC SEGMENTS AND
POLY ( FLUORENE ETHER SULFONE) HYDROPHOBIC SEGMENTS

Xiu-hua Li', Yong-hua Lin', Qun-fang Liu', Yue-zhong Meng’
(' The Key Laboratory of Fuel Cell Technology of Guangdong Province, South China University of Technology, Guangzhou 510641)
(* The Key Laboratory of Low Carbon Chemistry & Energy Conservation of Guangdong Province
Sun Yat-Sen University, Guangzhou 510275)

Abstract A series of block ionomers containing sulfonated poly ( phthalazinone ether ketone) hydrophilic
segments and poly ( fluorene ether sulfone ) hydrophobic segments were synthesized via two-pot two-step
nucleophilic polycondensation. Bis(4-chlorophenyl) sulfone and 9,9-bis (4-hydroxyphenyl) fluorene ( BHF)
were used as comonomers for hydrophobic blocks. Bisphthalazinone and sulfonated 4 ,4-difluorobenzophenone
(SDFBP) were used to synthsize hydrophilic blocks. lonomers with different segment sizes were synthesized by
adjusting the molar ratios and prepolymerization and polycondensation. The structure of the ionomers was
characterized by 'H-NMR and FTIR. The spectra and data indicated that these ploymers were in accordance
with the designed backbone structure well. The TGA measurements of the ploymers were performed under a
nitrogen atmosphere from 50°C to 600°C , and results demonstrated that the so-made polymers exhibited good
thermal stabilities with 5% weight loss temperature over 250°C. The polymers were soluble in common aprotic
solvents,such as DMSO,DMAc, dimethylformamide ( DMF) , N-methylpyrroridone (NMP) and tetramethylene
sulfone. The inherent viscosity of the synthesized polymers ranged from 0. 40 dL./g to 0. 71 dL./g, demonstrating
high molecular weight of the resulted polymers. The water uptakes of the copolymers with blocks of varying size
were moderate. Moreover, these copolymers demonstrated greatly improved oxidative stabilities and hydrolysis
resistance. Polymers 8c ~ 8e with block size bigger than eighteen repeat units were undegradable after 720 h
and unhydrolyzable after 480 h. The hydrolysis resistance of the resulted membrances were much better than
that of Nafion 117. The copolymers had strong alcohol resistance at refluxing temperature. The methanol
penetrabilities of the prepared membranes varied from 0. 23 x 10 ™® ¢cm®/s 10 0. 28 x 10 " ¢cm’/s, while that of
Nafion 117 was 1.32 x 10 ® em’/s under the identical conditions. Especially, polymer 8e gave the proton
conductivity of 1. 83 x 10> S/cm at 80°C. It is a promising proton exchange membrane material for proton
exchange membrane fuel cell using methanol or ethanol as fuel.

Keywords Ionomer, Poly( ether sulfone)-b-poly( ether ketone) , Fluorene bisphenol, Phthalazinone, Proton

exchange membrane fuel cell



