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B2 oA 4Z3hE sodium 5,5 -carbonylbis(2-fluorobenzene sulfonate) THEEAE o] 83to] X4 Ll
= P A5A 2f|lame) 112 3532 A|A sulfonated poly(arylene ether ketone) (SPAEK)
TEIAIS TSI AxTt TEFAY] 2 BAL H-NMR, FT-IR, GPCE ARg-3lo] 281511, GPColA
5T 9] BFEARES 209,700 g mol™, THEARAG(PDI)E 1.250|3t). A7 AL Bl 9lste] TGA
EAL AAs L, 200Tol ol el E PEAS Fjlstnt EAL e whel ¢fold AxT= JGE
100%, 80°C 2] &&=l oF 9.0 mS cm™o|gitk Z4E AR HE B ALo|A] Ax3t SElgadA] dafjd ake
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Fao]  aEAPdsidy), 358, Si(ordRloInAlE), PEMFC

Abstract - In this study, a sulfonated poly(arylene ether ketone) block copolymer was prepared from hydrophilic
oligomer and hydrophobic oligomer. The structure of the prepared membrane was characterized by *H-NMR, FT-IR
and GPC. The M,,(weight-average molecular weights) of the polymer was 209,700 g mol™ and the molecular weight
digtribution(Mw/My,) of 1.25 was obtained. The prepared membrane showed excellent thermal stability with gradua
weight loss up to 200°C.. The proton conductivity of SPAEK block copolymer reached the maximum of 9.0 mScm™
a 90C under 100% relative humidity (RH). From the observed results, it is necessary to do more aggressive attempt
to study the possibility of application as an ion-conductive composite e ectrolyte.
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AEAA = AUAE A8z 7152 oAb Aot &
2] ez} 4k o] Slehkg-5 Soll 'WAYSh= olUAIE
7] &2 Mg 7] A 2 A, 418 Yoz
axH|Zd o] o] 27| 71A] AR 7he Rt 2|41 9] Hijko.= 7t
FE AL glon, ArA] 7]HEe] o i A] tHlo] A=
SHY A=A 5 AlES gAlE o Qe w4l S
Aoz Zpgura QIrHL, 2].

Havbys Sy g, de
= ABASHA o] ARG Al TSk
ot} Alvzt 7 2 AF 5 Fddol ¢l
o] 2] glon] e FE0] 30 ~ 40%0] LFRIE
3]4=%]=30 ~ 40%2] A F-&-2 tl3te] 70 ~ 80%2] &
AaES Hehar k(3]
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2-1. A2

4,4’ -difluorobenzophenone, 4,4’ -(hexafluoroisopro-
pylidene)diphenol, 4,4’ -dihydroxybenzophenone, 4,4 -
dichlorobenzopheneone, 30% fuming sulfuric acid, an-
hydrous potassium carbonate (K.COs), N,N-dimethyla-
cetamide (DMACc) 2} dimethyl sulfoxide (DMSO), &5
e AldrichAtefl A G5kl om, AR 7 60°Cofl A %l

FAZ T 5B A A

2-2, &E31E tHX|(SDFBP)2| B

1+ S2Z8k39) 4,4 -difluorobenzophenones
10.9 g(51 mmol) 2} 30% A4 20 mLE A 3] A7}
ko] 130 CoflA] 10A]7H53F wRbstih

10A17F S HRga5 A0 = eHds] AlsleE & o
woll M| H7ksto] wHAIZITE 11 & ARGk
(NaOH)& ARg-8to] B S3MAIXITE REg-=0] p
79| =gk FekE(NaCl) 20 g= ¥al 12413k
WHAAET AE A= B3 ofeEo] £

T ondo
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2
BUiE ARE-Sto] oAk Aol A7) 280k 18A
Ao 2] sodium 5,5 -carbonylbis(2-fluorobenzophenone
sulfonate)+= 80 C 2] %5 @ Eof A 15A|7F A=A FH T}
[10]: *H-NMR (600 MHz, DMSO-dg) & 8.05 (1H), 7.71
(1H), 7.31 (1H).
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2.SO3Na, RT, 12h

Scheme 1. Synthesis of SDFBP
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2-3, S2|1mHof| &

R14A 2] a1 (hydrophilic oligomer) & 3415}
98l 100 mL §Z &2} 39 sodium 5,5’ -carbonyl-
bis(2-fluorobenzene sulfonate) (SDFBPR, 4.00 g, 9.62
mmol), 4,4’ -dihydroxybenzophenone (DHBP, 2.47 g,
11.5 mmoal), K.CO;3 (3.2 g, 23.07 mmol) &7}5kaL
DMAc15mL, E5 25 mL-& 2| 2 A 7}5fo] U4
A F3tk 120°C oA 6AI7EE H 4 Shof| EHR7-E 513
I, Hhg-Seofl 23§ Hkg-0] dojuh= 2 ol=7] 9]
o] Fol &7 wl7] 98] 160 C oA Hh-g-AlA 5231

 ERA0| A)7E 5 89| £ 170 ~ 180T}
2] H4J0] A7 u7hA] 241751 Wk SIS 1 5
SRS 60T/ AA]8] W33 700 mL o) Ea-gul (]
&/ OS5 611 1, v v Iv) ol 213 3] FofF=3l
ok AAE ARES WelE 5o WEket FRAE 5
Al MolF F100°C 2] Q. Eoj 4] 55 B2k A%t
[11, 12]: FT-IR (KBr, cm™) 3749, 3454, 3055, 2998,
2915, 2852, 2828, 2731, 2663, 2600, 2571, 2493, 2353,
2314, 2083, 1851, 1775, 1648, 1585, 1483, 1431, 1354,
1315, 1198, 1114, 1067, 1021, 954, 923, 881, 837, 766,
722, 703, 676, 618, 570, 533, 497, 480, 459, 439, 422,
404; 'H-NMR (600 MHz, DMSO-dg) § 8.1 (2H), 7.95
(2H), 7.89-7.8 (4H), 7.36-7.28 (4H), 7.05-7.0 (2H).

2424 28] 31 (Hydrophaobic oligomer)+= 4,4’ -dich-

NaO3S

4

SO,Na

O+ 0 QTG0

Toluene

l /DMAc

120 ~ 180°C
SO3Na

0]

NaO3S

Hydrophilic oligomer

| orobenzopheneone(DBP, 4.00 g, 15.93 mmoal), 4,4’ -(hexa-
fluoroisopropylidene)diphenol (6F-BPA, 6.43 g, 19.12
mmol), K2CO;3(5.29 g, 38.23 mmol)of DMAc 15 mL,
=725 mL & 7t A S| A e 7 A
2 "2 Al F9tk FT-IR (KBr, cm™) 3601, 3164,
3094, 3066, 2967, 2926, 2869, 2776, 2686, 2587, 2499,
2464, 2440, 2275, 2218, 2175, 2107, 2083, 2031, 1910,
1797, 1775, 1634, 1579, 1486, 1406, 1321, 1297, 1242,
1150, 1103, 1071, 1010, 952, 870, 836, 796, 718, 626,
560, 519, 408; 'H-NMR (600 MHz, DMSO-ds) 6 7.8
(4H), 7.4 (4H), 7.2 (8H).

2-4, SPAEK-50 =& 3Z&H &y

=51 poly(arylene ether ketone) 55314 2] 314
< TRt 2t SPAEK-502 %4~ &2jaim (4 g,
0.084 mmol) e} AA 2231 (4.4 g, 0.084 mmoal),
decafluorobiphenyl-2 715111 WkE- grjje]l E5all 20
mL 2} DMAC 20 mL & 535t} of7] 4] vhez A
T} work-up TH4-2 el o] &) mr o] T4 nlxk
71R) 2 A afslg e} SPAEK-50: FT-IR (KBr, cm™) 3458,
3052, 2929, 2579, 2425, 2450, 2294, 2220, 2195, 2119,
2087, 2044, 1906, 1654, 4590, 1501, 1418, 1356, 1313,
1205, 1246, 1172, 1134, 1064, 1018, 965, 927, 874,
833, 766, 736, 704, 676, 567, 524, 497; 'H-NMR (600

0 CF,
Toluene
l /DMAc
120 ~ 180°C
CF, 0 CF,
HOHO-E 00000 O -on

Hydrophobic oligomer

R FR F Toluene

FF /DMAc

F FF F 120 ~ 180°C
NaO,S SO;Na F FF F

F FF F
SPAEK-50:x=0.5y=0.5

Scheme 2. Synthesis of hydrophilic, hydrophobic oligomer, and SPAEK-50 copolymer.
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MHz, DMSO-de) 6 8.12 (2H), 7.95 (2H), 7.89-7.7 (8H),
7.4-7.3 (8H), 7.23-7.12 (8H), 7.14 (4H), 7.1-7.0 (2H).

2-5. HafHate| Mz

DMSO (10 mL) gufjofl SPAEK 3584 0592 ¢
of 3| 52 t7iA] 12004 WALtk 1
2j2k(glass plate) o] A|=}a}o] 80Tl 4] 16417} 11321
SHATL, Tl o) AbahE 9151l 24AHE AL
o] LOM H,S0s § o] &7 FEick AL} a14 8 712
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o Al2E T SRR e vjolete] Muakch
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2-6. Ed=2M

TS| o] 2 AL 9J5te] FT-IR(Fourier trans-
form infrared) A9 E =45} 2 Nicolet Impact
400 FTIR spectrometer & AR5+t 'H-NMR A#E
-2 INM-ECAB600 instrument (JEOL Ltd.) 2 AR&-5}o]
S WEES TR 2|2 DMSO-d6ef &
A7 Al A =453t Gel permeation chroma-
tography (GPC)+= Tosoh Corporation (HLC-8320GPC)
& Agstol GEAel B BAEe 24sdn A
QA BAG 915 A7l sloll A o 3 247] (TA
instrument, Q50) & AR83}19.0H, 5 C min"] 52 4
L2 30Cof|A 800 C7HA] 5-25}0] o] thE 5559

NaOsS ¢ SO;Na

R ESIEE R D EL R

ARG EF(orERl o] AE) £ ZEDY 69

WsHE S99tk TGA 274 7 vt dolgl 5718
A A3}7] $13] 100°C @-Eof| A 124|752 A3,

TEAF A o] 240 0] 2 M S $et =
A g2 A 7145 100%0]14 30°C ~ 80C 2] L& 9]
o| Al ZA3}3T) 0] & ML E 24 A mE uko ok 244]
7150k 32} 750l w7 otk 574 A2 Bekk
Tech conductivity measurement system2 AFE-5191 1L
4-point probe ®H © & in-plane A13-& 43 &, A=
o] TAE mslo] 4 o] & MEE(MS em™) & e
Ak

3. 2 1t

3-1. SPAEK-50 3&¢&tH|e| etdat E4EN

Scheme 10]] Uepd Hie} Zro] <&
kL, olF olgste] A FFAE
(Scheme 2) A=d FEAI9F 1:19] vl& = ¥-8-519)
Y b AR & o] Fd g It ubrt
A= Z3Ystoict. AlxH SS5dA Y x| 3 A
EFL Fig. 10 YeR2.2H 7.0 ~ 8.1 ppm<] <o
A 737} ERIEQITE &EAF T oJgh 13+ 8.1,
7.8 Y 7.19] WA 2 77} F151 9k

Fig. 2 of|X= Al2H 35A 2 248715 &<lsh|
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Figure 1. "H-NMR spectra of (1) SPAEK-50 copolymer; (2) hydrophilic oligomer; (3) hydrophobic

oligomer
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Table 1. Gel permeation chromatography(GPC) data of hydrophilic, hydrophobic oligomer and SPAEK-50 copolymer

Mhn M max
Polymers [g mol™} [g mol'} [g mol'} i
Hydrophilic 31500 74500 1.50
oligomer
Hydrophobic 41500 228500 127
oligomer
SPAEK-50 167200 209700 262100 125

Transmittance

. . r ; . . T .
1600 1400 1200 1000 800
Wavenumber(cm™)

Figure 2. FT-IR spectra of (1) SPAEK-50 copoly-
mer; (2) hydrophobic oligomer; (3) hydro-
philic oligomer

cm 'z} 1018 cmof|A] Ho)= u]H= 0=S=02] sym-
metric T} asymmetric ZEo] 2]3t Zo]H, 1246 cm’,
1172 cm™of| LR ¥ 3 wlAl 2 o] —O— 2 —CFs
= =0 o3t Aot WEkE 1 Uil £AI8R=C
=Co] #AH Wi=o] o5t =L 1501 cm™F} 1590
cmoltt. HE AE7|e} wE F4 WE gk 1715
cm o]l e o] mEAe] C=0 F4=WlE o] w =
= 1654 e ol 4] 21| $ITH[13, 14].

SAE WA el et A )i o] Bk
ARE A7) 3l AAISH A B3t A2utE Telu] 27
2 DMFof| g3fj3to] =af3131 on 71 glo|E]E Table 1
of aokslott. A SEjamel Al Sl
7} 47,600 g mol™, 52,800 g mol ™ 2] B E2F (M)
Aom, SPAEK F58A| 9] Ak 209,700 g
mol™ 2 2l Eic}. 3532 H B AFEAH Mma)
©262,200 g mol X & 01531, 167,200 Dao) =24
Hajgro] ddojgom, 1259 thEAl <4x(poly dis-
persity index) & LR itk

TGAE ©]4-5}o] SPAEK-50 355419 94 ey 4

Oll4X|Sst HM25% 3= 2016

SPAEK - 50

40 |

Weight loss(%)

20 4

........................... Nafion 117

T T T T T T T T 1
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Temperature(°C)

Figure 3. TGA curves of SPAEK-50 and Nafion 117
membranes

= Zlsti e, 11 Ay= Fig. 3ol Uil & &
F A2 A 29171810 30 ~ 800 ] &= H Y
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Az Ha(degradation) oFAo] LrERATY,
A, (1) 30 ~ 200C oA &4t 5] S

Gl i SRR e PAULE eI 4
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4ol Sfat Azl v, (iil) OF 450°C F2eflA) 2ol
L e Pl F AR Y OE AT SHOR of
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rr

g Atk Al 2H SPAEK-50 353 21+2200°C0]
gollA 22 Eal7E Hehs e wEe = A3l o
woll EAF A dY ARHA] 585 5to] v A
et B S54E 2A ok ), vyl 9] TGA 11
2ot viaskiE o SSEA L] FA Aol o A
AL E 52 G4 S Hole Ale Eld = 3ler,
drrH o2 Ag=eteha(Nafion)of Hlsh < kel
(2 SPAEK S5 S] 24 Aol B =2 Ao

= A ok
Fig. 4= A 2% SPAEK-50 A3} 2 w-2-100% 752
7oA S Hs}o] T o] & M4 LR Teato]
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Figure 4. Proton conductivity of SPAEK-50
membrane under 100% RH

o

t}[15, 16]. 30, 60, 90°C oA 9] o] & A e t= ghe- 7 2
T 3ARte s DA 5 S E Bk 71AsH
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UrEbEtT) o] M uro) sk 913t nhEahkst
Tz oL, &0 mhE o] M E T} STk %
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7] Rl ek
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S
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orobenzene sulfonate) TS o] 83fo] 24 21
IHE T F A LYt I RS B
& g EA}eFo] 209,700 g mol ¢l &E3hE Za] (o}
gl o] AlE) 9 F-5TA vk A X5HATE Al =
A= FT-IRT 'H-NMR& ARgsto] 1 125
AL, HEA IFO 2 E ERISHATE TGAS
g4 A AT} 200T ool A= gt Ao el
Qom yuj2of visf) £A fago] A2 A0
el a8AE dsfdute] ofole Mk A
100%, 90°C 2] &-=of|A] 2k 9.0 mS cm*o] ). H o
of|A] Alzslo] F71eE SPAEK EHslriiA| el dute]
SESEE STHZIAY 25 o R AIRITHY,
ABHRAE 18} Aafduto =2 AR 7HsAdo]

e % =
ol
N

S

ol
-/

_]
&l

Ol-1Tlr
o

A L QU i

d

ALl =2

2 A= AR E A F(MOTIE) & kol | A7)
=Y 7FA(KETEP) 2] 2]¢S dho} 4=3gt A+ 1A Y
t} (No. 20164030201070).
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