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Synthesis and Properties of Sulfonated Poly (Arylene Ether Sulfone) Block
Copolymers with Naphthalene Moiety for Polymer Electrolyte Fuel Cells
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TCorresponding author :
djyoo@jbnu.ac.kr Abstract >> In this study, sulfonated PAES block copolymers have been synthe-

_ sized via nucleophilic substitution reaction. Hydrophobic oligomer was prepared
Ei\fzzzd 25M::’g5:t,12018 using 2,6-dihydroxynaphthalene and bis(4-chlorophenyl) sulfone, whereas hy-
Accepted 31 August, 2018 drophilic oligomer was prepared using sulfonated bis(4-chlorophenyl) sulfone

and bis(4-hydroxyphenyl) sulfone. The chemical structure of polymers was ana-
lyzed by "H NMR, FT-IR and GPC. The thermal properties of polymers were meas-
ured by TGA and DSC. The oxidative stability of membranes was investigated by
Fenton’s test. Furthermore, the proton conductivity of membrane was found to
be 26 mS/cm at 90°C. All physiochemical properties suggest that fabricated
membrane have a great potential for applications in PEMFC.
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Fig. 1. Synthesis of oligomers and block copolymer

32
N

o ol 2)429] e-go] 7Hsslt)h ARAA ]
Aol BFslal o}A] AR MR A|FS it
&2 0" 7HA] ol F 7HE didle] He 24
Ak Bast YRt o spAoT Ao

Aol WA W] uteltk). ek AR
P%’ AR WA ST ACE AR A
01 AOR ASEH, ol& fJ5to] W

1' 52
) rlo

Of

]_

=

o
121

fo ok P 32 (I
)
O

= 3 AAE FAohe +83 F
B2 1EA M ‘:—‘.-\—} Z=Hanode, cathode)o] &
A& A (membrane electrode assembly,
MEA)& wlj-¢- J17foln] Az A] deol & 9=
20h 2R dad 3713 AlldA S
ol 0] AFR oA} BAlo| Sao} Aol A

59 wol A Ha ol that A7k B

Q3. FA AFLE} ulol NafionS =8 dmA
A 953 8D EAR A FYIE D
wwm we o,go_vwzi Qlato] g-go

o &g
‘\’Pﬁ*é% 7}7\]‘:‘1 74A o] AHgt uork}_ eala
ol-ggt nEgx}F AafA el thgk At}

1|3 Qe
= ABAA 9 W sk 7HA A
& flsto] oheket Wk wskprad aEx; Fof
T FAgho] A1 poly (arylene ether sul-

T
=
ol
N

¢

1
2 ojgsial el A 2R
7}/\] 7134} QY. ahas

e}
B4 Ao, ol olgda T 2
U

&QJ o*é, EOJXJ A, Eelekehy A 9 A7)t

2.1 A

Bis(4-hydroxyphenyl) sulfone (BHPS, 99%),
2,6-dihydroxynaphthalene (2,6-DHN, 98%)2 Alfa
AesarAlo]| A, bis(4-chlorophenyl) sulfone (BCPS,
98%), sulfuric acid, fuming (reagent grade, 30%
free SO; basis), N,N-dimethylacetamide (DMAc, an-
hydrous, 99.8%), toluene (anhydrous, 99.8%), deu-
terated dimethyl sulfoxide-ds (DMSO-ds, 99.9%)-=
Sigma-AldrichAloj| A FFulidle] ARRSFTh 1a]ar
potassium carbonate (K,COj;, anhydrous), NaOH
(sodium hydroxide, 98%), NaCl (sodium chloride,
99%), acetone, methanol¥} &3j= A|&of ALESH
N,N-dimethylacetamide (DMAc, 99.5%), dimethyl
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sulfoxide (DMSO, 99.5%), 1-methyl-2-pyrrolidinone
(NMP, 99.5%), dimethylformamide (DMF, 99.5%)
L hgskelA] ofste] AMgstsch

2.2 £E318 thEH Y
15+ Sapet Zaka o] BCPS 20 g (69.6 mmol)2
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disodium b1s(4—chlorophenyl) sulfone (DsBCPS)
A 80T HFotola F83] A=Ak 'H
NMR (600 MHz, DMSO-ds) 6 8.3 (2H), 7.8 (2H),
7.7 (2H).
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AH st ofzisto] 21FQ B0 CINH F85] A%
A7tk FTAIR (KBr, cm’) 3440, 3,065, 1910,
1,624, 1,586, 1,510, 1,488, 1,407, 1,371, 1,325,
1,295, 1,238, 1,151, 1,104, 1,073, 1,010, 948, 886,
831, 804, 759, 720, 690, 658, 633, 575, 554, 527; 'H
NMR (600 MHz, DMSO-ds) 6 8.0-7.9 (6H), 7.7
(2H), 7.4 (2H), 7.2 (4H).

Hydrophilic oligomer A& st 14 520t
o ZabA 50| DsBCPS (5.00 g, 10.1 mmol), BHPS
(2.66 g, 10.6 mmol) 2] T K,COs (2.94 g, 21.3 mmol)
£ A7stal, DMAc 50 mL, toluene 30 mLES A A
g golo AUAE olgsiol FYsislck o
o ASYE 4 gelanle 34 s
At oz Aslslch =

Y2 KoCO;s 7\1]7‘] o] opEL} F

& %@%ﬂ S ARgske] AlFsh ThA| oMo}oi
FLHEB0C)ollA FE3] AZAZIT FT-IR (KBr,
em’') 3,455, 3,093, 3,066, 2,968, 1,630, 1,586, 1,488,
1,465, 1323, 1299, 1248, 1,104, 1,073, 1,028,
1,017, 880, 833, 763, 738, 717, 693, 666, 623, 594,
554; "H NMR (600 MHz, DMSO-ds) & 8.4-8.3 (2H),
8.0 (2H) 7.9 (4H), 7.3 (4H), 7.1 (2H).
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5%
A FAFig 1) A AT 254 LT 30
(0.620 g, 0.046 mmol)1} 444 &2|11H 84 (0.175
g, 0.046 mmol)E Z}7+ SroflA Azx3t A &
1(0.583 g, 0.046 mmol), KoCO; (0.013 g, 0.092
mmolo} P 15 Fute} Sekaad] HASHY,
2 ZeiFe HUAE olgate] Yty
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ANA% W 5YstAl X13ste] block copolymer
303} block copolymer 845 Z}Z} 343813t Block
copolymer 30: FT-IR (KBr, cm'l) 3,461, 3,061,
1,634, 1,586, 1,509, 1,488, 1,409, 1,372, 1,322,
1,293, 1,238, 1,148, 1,104, 1,073, 1,028, 1,010, 948,
875, 834, 754, 715, 691, 629, 754, 715, 565, 'H
NMR (600 MHz, DMSO-ds) § 8.3 (2H), 8.0 (4H),
7.9 (8H), 7.7 (2H), 7.4 (2H), 7.3 (4H), 7.2 (4H), 7.1
(2H).
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Table 1. The repeat unit, Mn, Mw, M;, and PDI of oligomers and
block copolymers

Repeat

. M, | My M, |PDI
unit

Sample name

Hydrophobic oligomer 30 30 4,500 (13,500 25,600 | 3.00

Hydrophobic oligomer 84 84 16,500 (37,600(131,700| 5.83

Hydrophilic oligomer 17 |8,400(12,700| 18,100 | 1.51

Block copolymer 30 30:17” {4,200 | 43,600(373,700| 10.4

Block copolymer 84 84:17” 9,100 |49,000{352,000| 537

“Hydrophobic:Hydrophilic (repeat unit ratio).
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Fig. 2. 'HNMR spectra of 1) hydrophobic oligomer, 2) hydro-
philic oligomer, 3) block copolymer 30
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Fig. 3. FT-IR spectra of 1) hydrophobic oligomer, 2) hydro-
philic oligomer, 3) block copolymer 30

Table 2. Oxidative stability and thermal stability of block co-
polymers and Nafion-115

Oxidative T (C) )
Sameple stability” T, (C)
7 (h) 5% | 10%
Block copolymer 30 >72 400 | 460 | 220

Block copolymer 84 >72 420 | 480 | 220
Nafion-115 >72 289 | 330 | 120

¢ is the time at which the membrane begins to dissolve in

Fenton’s reagent.

2% Nafion-115¢} o7 2 4 3Y ZoF &
o] FHE A F2 A4S e EA
(Table 2).
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Table 3. Water uptake and swelling ratio of membranes and
Nafion-115

Water uptake (%) | §:% | ;%
30°C [50°C [70°C |90C | (%) | (%)

Sample name

Block copolymer 30 | 8.7 [10.9(12.7145| 4.1 | 2.9

Block copolymer 84 | 3.6 | 5.6 | 7.1 | 9.0 | 2.5 | 2.1

Nafion-115 18.0121.0(24.629.0|19.8|12.6

“Thickness swelling ratio.
b)Length swelling ratio.

Table 4. lon exchange capacity and ion conductivity of mem-
branes and Nafion-115

IEC Ion conductivity (mS/cm)

Sample name = = = =
(meq/g)| 30C | 50°C | 70C | 90°C

Block copolymer 30| 0.35 14 | 184 | 224 | 26

Block copolymer 84| 0.12 | 3.4 | 49 | 6.1 7.7

Nafion-115 0.87 30 | 581 | 93 | 1155
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