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Abstract — Recently, there are many efforts focused on development of more economical non-fluorinated membranes
for use in PEMFCs (Proton Exchange Membrane Fuel Cells). In this study, characteristics of sulfonated Poly(ether ether
ketone) (sPEEK) were compared according to degrees of sulfonation (DS), relative humidity, cell temperatures at PEMFC
operation condition. I-V polarization curve, hydrogen crossover, electrochemical surface area, membrane resistance and
charge transfer resistance were measured. SPEEK membrane showed high performance at high DS, high temperature
and high relative humidity, in particular, performance of SPEEK membrane decreased largely due to low ionic conduc-

tivity at low DS and low relative humidity.

Key words: PEMFC, sPEEK, Performance, Degrees of sulfonation, Relative Humidity, Cell Temperatures, lonic Conductivity

LA 2

TaEY FEEA wiEe] Sl FYduAe 545 A1 =
AzAA = A tiFH L Qe oluA 9 EEAE Aol 312
4= Sl tiAlelU R 24 HE TuQ]ellA AE-31E $3 AN
dro] Ma ] 31 it} 53] i EA A2 A5 HA|(PEMFC)2-2
ol v m A W LWL T oA 1A n BRI o] 8351 =&
2 8A8S B RN 558 U X §-0 7 AR of| A §shA
gk, 7FAo] ¥Rl o] ks AP O R S| Adg-slel] A9
o] H31 QItH1,2]. PEMFCOIA A=52) 3)d 1ol 7FA o] A4

TTo whom correspondence should be addressed.

E-mail: parkkp@sunchon.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

181

719 & F2s AH s, 1 T defdute] 1l o) f &
A S AFEEE] o) B g BaAu Tl 7hzo] AH ) gk}
FAaA S AFS-S PEMFCE] 7128 W14} sk A7)

S {5§E] 1l Oh;].

4 2% PEMFC<= 40,0007] 7F, 5°68 PEMFC= 5,0004] 7+
’““ﬂol 2793 lovs), e Eel £ Tl B3t

04 F=o] Zrj= T Ao = O

PEMFCi= RIHSE On/Off WH5 3} X% 52 dotst
Qs 71 & U5 & el $lvh4-91. 73
93} 901.& PEMFCE A6l Qe olg] &
=] U]— PEMFC2] 32 Q20 iz}t @?—SHXE oI 5l7} A 7F
A F PEMFC s A 8tol - 31 ek, el
3FAQ1E A7 def 9t Y3kthermal degradation), -5 3%
e Soll gk =821 &8k (mechanical degradation)$} o]

So
-
m

3

b

FroAAl k=
Ax At

24
o

d
1=}
_0

= ko AN
dE=

w2 ruR HO
flo

ol



182 ol - olAlE - YL -

2, gfrlZel &3k 17384l AstE 23 5841 A3}
(chemical degradation)= 58 4= 3

g s Ak B Aol §hE A AL v 2ol
Agu e, dukd o7 vslg=auto] 47 el n)sh WitAdo]
okg)] 0]5 HekstaAl W Ag-Eo] XY= 1 Th8].

2 AN E 'helgaA]l EAR1 sPEEK Bell A8 42
7 BASEAIMEA)E Ax=ste] 1 54& 73l 1wk A
g|ZAuro 2 sPEEK 2He] Az 2 /A e tf gk A-E[10-14]0] 3l
O}, PEMFC &% 27104 sPEEK MEA 430 thal] o173t
Fo] WA ¢ho} &EIT, AUlGE, W AA] 256 wE sPEEK
MEA2] SA4¢] thal] 2333l

2. A

]

2-1. sPEEK M= 2! £Z3=(DS) &8

sPEEK (sulfonated Poly(ether-ether-ketone)x= Poly(ether-ether-
ketone) (PEEK, Victrex, 450PF)%} %13+ 32HSAMCHUN Chemical,
95 wt%)ye 1g:25mle] H]&Z 98 Zefidef Yo ti7]g, 25°C
23 3tel| 27} 36, 48, 60A1F B A H-IREZE o] 83to] &
3 A S, 23 a1 de=o] 'R el wnb] Sl
folS Ho] 143 ¥ sPEEK YEAS AT 1 %, pH 5~6 A}
o7} & | 714 S AlA S Adska, 80 °C LEelA S =
Az AA AZzsFATH15]. o] W, v £E3E(DS)E AlZH
SPEEK®IA 10~20 mgs #31] DMSO-d6 Imlell €342 ), 'H
NMR(AVANCE 400 FT-NMR)E& &7 33 2™ (Fig. 1), o}l <] &
215 o]g3to] A|Z=¥ sPEEKS] <E3E(DS)E AXsIGITH16].

peak area(H,) y _ y
Ypeak area 12(1-y)+10y (12-2y)’

(0<y<1)[y=DS]

2-2. sPEEK 2} M= 3! MEA A=

SPEEK "F2 ¢bA #| Z % sPEEK 9} Dimethylacetamide (DMAc,
SAMCH UN Chemical, 99.5 wt%)E sPEEK 2} DMAc?] 2 & 7]+
H &S 1:92 3lo] vfo] ol YW [17], 4~50 °C SHZ | o] E ol A
2~3A17F wrkste] B E3|A17] ok fr2lte]l 200 pm2] FAZ
ANAEE H| 50 °C LA 4~61]7F AZ T F-jFtollA wlojujol
A Z31T}. sPEEK B2 54| 20 pm=-S AT

SPEEK |} ofioll gz o) o3l pyC A= &S ZH 3
anode$} cathode 27 Pt &% 0.4 mg/em?® ¢! MEAS A %31t}
EE35(DS), FEFERH), @ AX 5o & sPEEKE
MEA2] A& 9 545 v|wsisict.

23, SPEEK MEAQ| M= 2 M7[3l5te EM =X

H=m7o] 9 em®1 MEAS ] Aol Aldskar 7] 14 &%,
%, RH 52 Station (CNL Energy Co, Korea)2 ©]-&35}] Ao
skoAct.

MEAS] -5 9 5L -V £ 3T4, 45 7 S (Hydrogen
crossover current density, HCCD), % 7]3}8M2] 3278 4 (Electrochemical
surface area, ECSA), B} #| &}(High frequency resistance, HFR) !
F-3dd A 3 (Charge transfer resistance, CTR)< 57 3}o] B] L
skoAct.

[-V 223412 anode?} cathodeoll 22 4=4~(1.5 Stoi) 2} 571
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(2.0 Stoi)E FwotaL, A Halel i Asks ZU=E S4sISith

2% 3 =+ Potentiostat (Solatron, SI 1287)= ©]-&-3F LSV
(Linear sweep voltammetry)'dH] © 2 453 % F(Hydrogen
crossover current)s 573 3] B] w33t} LSVA= anode®} cathodeol] 2+
Z} 2= 2=(40 ml/min) &} H 4(200 mI/min)E 3, A Z2AS
T2 7] 5} scan rate 1 mV/secZ 0~0.5 V oA A4S Wizt
A7IHA ARE ST

ECSAT PotentiostatE ©]-8-3t Cyclo voltammetry (CV)ZE &7
3l Th CVE anode$} cathodel] ZHZ} =2~(40 ml/min) 9} 2 4
(200 ml/min)E FF3l1, APHZAS B=27 3+o] Scan rate
30 mV/secZ A4S MSIAI71HA AFE S3H=d, 14 cycle ¥
e 3k "Rt

ul 28 9l Babd e 2482 Impedance Analyser (Solatron, SI
1287)5 ol-&3ll Stk YA 572 anode?} cathodeol]
Z}2} 222293 mlmin)2} 371296 mimin)yS F-oka, A 2AS thE
Al 311 DC current 1A, AC amplitude 100 mA, Frequency 100,000 Hz
~0.1 Hz HelolA S73319ict, o] o, Az SEskeel oist
Ao M= EESET) 0,44, 046, 0.519] MEAES 0] 43514 &)
A 12 70 °C, A HF I 100%014] A @ Hlar, dlssiel gt
Ao EESE7} 0510 MEAE o] &3t ] Ax] &%
70 °C, 5 5= 50~100%1A4 A el om, ©e] 4] 1ol uh
Aol = EEEE7}0.519 MEAE ©]4-3510] 4l 2 2580 °C,
A5 50~100%114 D331}

3. gdu} ¥ nE

3-1. T HX| S0 0|Xl= £E5=e| g&
1k Al7ko] TR 7} sPEEK AZoll thall 'H NMRS &7 (Fig.
D3 &, EE3S(DS)E AXLe A Wik Alko] Skl we)
DS7} S71skSitH(Fig. 2).

DS”} 044, 046, 0.5121 SPEEK MEA®] th3l] ©h$] 7#] &% 70 °C,
AHEE 100%014 2] A5 9 A7)518t4 598 5733l chFig.
3~6, Table 1). 0.6 VOllA AFHE7} DS 0.44¢1 749 622.2 mA/em?
olglort, DS7F 0.518] ¢ 922.2 mA/cm*E DS7} 5712 A
50] S7VeFAthFig. 3). 018} 22 TS DS7F =obd = sPEEK
whof| 2R EEA)7F o=, ool e o] 2 HEET} =
o}#)7] wjZoeltt. DSl whE A=) A2 (ECSA)(Fig. 4 7
WdE Holx| ¢kor = DSef| mE MEAS] /352 ECSAS &l
o] Q= Zo 7 Balth,

Fig. 5% DSOl| }2 FAFHFUEE el DS7F 57
G52 FAERTI) Z716HI T DS 0440045 0.13 mA/em?,
DS 0.51°141%= 0.35 mA/em®2 YERTE B2 9o AaFahd
FAE7}F 1.9 mA/em?] Zloll vls] AA= oF 1/15, ZAIE <F 1/59]
T X nXITH9]. 7k BRI S A2 wheleautke] odnbA ]l
S0z Ydel slojA & gxlolth13].

AT el x B Aol A DS7} Z7}8ke] wEl HFRY CTR 5%
7+ 2= 3FS LFEFITHFig. 6). HFR-S DS 0.44914 = 0.21 Q-cm20)
o1} DS 0.51°14E 0.093 Q-cm®Z 2F 50% = st om,
CTR DS 044°14+= 0.77Q-em?0| 21 21} DS 0.51014%= 0.52 Q-cm?
T2k 30% 4= A4S Btk HFRC] F2 5ol &S v|X]
v, DS7} SVl what 9 A 4= A o] ghaste] Ad5o]
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Fig. 1. 'H NMR graph of sPEEK Sample.
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Fig. 2. Degrees of sulfonation of sSPEEK according to sulfonation times.
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DS 0.5121 SPEEK 23 AF&3F MEAS 9] A A &% 70 °C,
AFEE 50~100%2 FSA7IHA T2 A7) A5 2 d7]sle4]
EAS 738 TH(Fig. 7~10, Table 2). RH 50%914= 0.6 VoIl
277.8 mA/cm?0] 91 ©. 1} RH 100%°] 4= AFU T 7} 9222 mA/
em’E FlFE F7bel whek Aol S8l thFig. 7). E thE
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Fig. 3. I-V curves of sSPEEK membrane MEA as a function of degree
of sulfonations at 100% RH.
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Table 1. Performance and electrochemical properties of SPEEK membrane MEA at various degrees of sulfonation

Degrees of Sulfonation OCV (V) Current density @0.6V (mA/ecm?) ~ HCCD @0.3V (mA/cm?) HFR (Q-cm?) CTR (Q-cm?)
0.44 0.974 6222 0.132 0.208 0.722
0.46 0.970 688.9 0.183 0.138 0.601
0.51 0.974 9222 0.357 0.093 0.524

Table 2. Performance and electrochemical properties of SPEEK membrane MEA at various relative humidities

Relative Humidity (%) OCV (V)  Current density @0.6V (mA/cm?) HCCD @0.3V (mA/cm?) HFR (Q-cm?) CTR (Q-cm?)
50 0.984 277.8 0.176 0.815 1.520
70 0.979 588.9 0.181 0.259 0.855
90 0.975 800.0 0.194 0.107 0.280
100 0.974 9222 0.357 0.093 0.524
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Fig. 11. I-V curves of sSPEEK membrane MEA as a function of cell
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Fig. 12. Impedance analysis of SPEEK membrane MEA as a func-
tion of cell temperatures at 100% RH.
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Table 3. Performance and electrochemical properties of SPEEK membrane MEA at various temperatures

Cell Temperature (°C) OCV (V) Current density @0.6V (mA/cm?) HFR (Q-cm?) CTR (Q-cm?)
25 1.008 4333 0.179 0.748
40 1.004 722.2 0.134 0.594
60 0.991 8222 0.096 0.547
70 0.974 922.2 0.093 0.524
80 0.966 944 .4 0.089 0.557
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