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Abstract — Recently, there are many efforts focused on development of more economical non-fluorinated membranes
for PEMFCs (Proton Exchange Membrane Fuel Cells). In this study, sulfonated poly (ether ether ketone) (sPEEK)
membrane reinforced with poly imide was made to enhance of membrane durability. In order to test durability of single
(un-reinforced) membrane and reinforced membrane MEA (Membrane and Electrode Assembly), degradation acceler-
ated stress test was used. Before and after degradation, I-V polarization curve, hydrogen crossover current, electrochemical
surface area, membrane resistance and charge transfer resistance were measured. As a result of experiments, hydrogen
crossover current of reinforced MEA was lower than that of single MEA, therefor durability of reinforced MEA was
higher than that of single MEA. There was not especially short phenomena in reinforced MEA after degradation accel-
erated stress test.
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53] 558 PEMFCE 2-2 On/Off §EE7} =8 o] Ash= 71
& Y o= Al I L v grobd eatel glvh4-9
PEMFC A|2~8l9] sFre)] 3k T QRIS 77 Qhol| B &
AR 7, 53] GAIZE 75 Al PEMFC “d%5 A stell B2 &
FE QS 1A dafd ure] dstojk s ke A, 75
B2, e Soll 3t =2]A Q1 A sK(mechanical degradation)$} ©]
< 24, gz Foll &3k 1718821 dtE 33 3184l
A s}(chemical degradation)°ll 2|3l 7o TFHFTH3]. o] &} &
Aslol| oJst A5 Ak B4l D} ghslad| 2 2ol A8
H=, dubA o R gl who] A whef] vl El Wj5Hdo] ok
3 o] & HehstE = B Ag-Eo] X E 1 ItH8]. PEMFCY]
o] 1Al A3 who v 'l who] Az 9 e
gt AT-E[10-14]2 ol K13 =] o] glovt, PEMFCe] &34 271
oAl g3l 2l Ui+ F7tel] it A7t A Yt

2 ATl A= &8l A 3132421 sPEEK (sulfonated poly
(ether ether ketone), sSPEEK) BF2] U745 &4A1717] 93l &2
oju| & AXAE ZF5}A] 71 2o Ad5 3 Ul7A4S Stk 743
H7he v A=E A0 37l 43} 714538 A8 (accelerated
stress test, AST)S ©|-&3}3 ).
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2-1. sPEEK 2} 3 MEA M=

SPEEK < Poly(ether-ether-ketone) (PEEK, Victrex, 450PF)%}
St &:k(Samchun Chemical, 95%)S 1g: 25 mle] HI&E 4 &
g o] Yol th71g, 25 °C &% tol| 60417t B2t wrkato]
=23 AR F, dSE0) g ol £ Ko uAE
22 A3 1%, pH 5~6 Alel7t A W 7H] SR AlEE 218
3}z, 80 °C QB 313+ J 5= A% A7 sPEEK LEAE A%
3TH15-17].

SPEEK TF2 kA #| % ¥ sPEEK 9} Dimethylacetamide (DMAc,
Samchun Chemical, 99.5%)% sPEEK?} DMAcE A& 7|5 1:.9%
3lo] npo]de] Wii[16,17], 4~50 °C SHEdo] EoA 2~3417F wt
slo] 5 gaAIZ) Tt Felsdel 200 ume] FAR AAE S H,
50 °C E-OA] 4~6A17F 13 5 fa] 2ol A] wlofujo] A|Zs3itt
[16,17]. SPEEK & 7] 20 um=hS AHg-3ic},

sPEEK MEA<= sPEEK 9} &Fde] djZ #hH[18]E o83t PyC
A JAE ZHH Ag8T7 3715 B5F Pt 3 0.4 mg/em’Z
Azt o] W, A= H 2 5= 120 °C 0]l o, el o)
Alo] o] H&A| Ae-S dh= vl = B4 vl Q] Nafion

ionomer (5wt% Nafion resin solution, Aldrich)E ©]-§-3It}.

2.2. SPEEK MEAS| Als U M7|55id =4 =X

MEAZ?] “d5 4 A7|8}ek2] EAL -V =34, A5 w
" I (Hydrogen crossover current density, HCCD), %1 7]3}8+% %
™1 A (Electrochemical surface area, ECSA), =} #] @(High frequency
resistance, HFR) %! -8} & 4] @ (Charge transfer resistance, CTR)=
Z7J3to] vlakSITt16,17].

[V 2= 342 Ad537 7]l 42 $242(1.5 Stoi) 2} 571
(2.0 Stoi.) 2 &3k, A5 W3fol] W A-S Loader® =743}

ek,

HCCD% Potentiostat (Solatron, SI 1287)2 ©]-83+ LSV (Linear
sweep voltammetry) ¥ © 2 4453} 4 5 (Hydrogen crossover
current)= S8 Bl W3R LSVE A8 =3} 37| Zof 22 5=
Z>(40 ml/min) £} A 2~(200 ml/min)E ¥ 53}, scan rate 1 mV/sec®
0~0.4 V i $lelx A4S WMsA7IHA Q75 SH8I

ECSA (Electrochemical surface area)T Potentiostat= ©]-8-t
CV (Cyclic voltammetry) ¥ 0. & Z43}91t}h Cvi= LSV 54
3HA 7FAE 9 3}a1, Scan rate 30 mV/sec®E A4S WA 7]H
M AFE SR, ldcycle § 5793 ke Bk

o A 2 BEPde A2 Au|d A 27 7](SI 1287, Solatron)E-
o &3l SsIict. A S An=3 375l 42 i
(93 ml/min)$} F71(296 mI/min)S F33t1, AHZAE T2
391 DC current 1A, AC amplitude 100 mA, frequency 100,000 Hz ~
0.1 Hz {9 el S48t o] o], ©@h$] AA] 2= 70 °C, A& %
100%°114 574313t

2-3. MEA Y3} 7145 Algd

A58 AA gy A= Dt TA AP vk o] A
Alakgith. A=FE A 0] 9 cm™] MEAS ©-9] HX|o] A ds}lar g
Ax 2%, 3, A5 S(RH) 53 PEMFC Test Station (CNL
Energy Co., Korea)s ©]-8-5}0] Aof313itk. MEAS] €3} 714 &
AL Y AR &% 80°C, AF = RH 30%, 3-7]=- RH 100%°114]
OCV (30 sec)~0.6 V (10 sec) A1 S 1441 7H71A] HHE5}9) 11,
14428027t A= k= 5% RHE 100%% 3l thE 218 %
A3 Rt 17,19]. ©15- OCV W3}, -V =24, HCCD,
ECSAE S743to] MEA €3} 1%-2] ¥iglE v]wsl3lt.
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3-1. PI XIX[H| Z3F MEAS} £ MEAS| AMS Hlw

YA WA w23 50] =& &EE3HE(DS, Degree of Sulfonation)
0.51 SPEEK 1H#A}= o]-838}a1, Pl A A A2 7318 MEAS A%
310 A @ 17181814 B8 b E MEAS) ] waSITh Fig. 19]
[V 22 A4 Yehd 238 0CvVE 0.991VE 743 MEA7}
) MEA°] H]3) 4.9%7} =718k, 0.6VollA 2] AF des=
800.0 mA/cm*Z °F 25%7}F Srobsith. 78 MEAS] OCV T 7H=

—a— Reinforced MEA
10 —e— Single MEA
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Fig. 1. I-V polarization curve of single and reinforced sSPEEK MEA.
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Fig. 3. Impedance of single and reinforced sSPEEK MEA.

FAFIE Zhae] e Aujo)r, sl uhe] 25k Fhe) H=re]
ek A Agre] Sl ok A vhee] AT IR 19
(Fig. 2)9+ 99~ TP = (Fig. 3)5 Ea & 4 it
T2 =73} Fig. 28} Table 10]] vl @&ttt
743} MEA?] A AFUTE 0.274 mA/em®Z T MEAS]
U A vl v]al AR} v
A5k, PLAAA ] 23l FAFIEE U HAaAIZRIL T A9 ocV
7} Zhask Aotk AA AR ASAIA EEA] W3S S/
ek ol gl FAFHRETF ST PEMFC 75 X204 54
T QIgh ehelZ /do] AojA)7] wiel] dafal whe] 7] 5}t
A YA el =ro] T 19,20].

A

3-2. PI XIK[H| 23} MEAS} T MEAS| LITA Hlw

PLAAA S o] -89t 738 MEAS] W74d-& wlaalr] 913 A3t
7H53 7195 o] g5to] B MEAS) o] MEA W74 7H
280A1%F 5k xS}l

DS 0.51¢1 sPEEK 1132219} PI XX A2 o]-&3lod A3t 73}
MEAE ©]-&3to] B A5 Aol d8A17l= 3t 71538 7]
WO 144A)7F FF MEA Y73 FH7F AI1R-E& H8sksict dst
715 0L @9 A 25 80°C, ST AR 30%, 371
100%141 OCV (30 sec) <> 0.6V (10sec)S Icycle® 3Fo] 144417k
WHESE & 271 H7elGin). o] F A5 59 G s 100%E vf
o] 136A17HF2] 280A17F) B3t MEA 7H538F AlfS 1= %
gata /35 Wz 9 dA7)ssks B4 wiskE S48

o] MEAE 280A17F Bt A3} 7145 A3 5 OCV7} 0.825 VE
OF 17% 72~k Wi el 733} MEAS 0.958 VR 3.3%7} 74-s1od
PI A A Aol 2l @ vj530] =& Btk W MEA2)
T3 OCV At e (shory@ doll 23t Aoz Rol=d], gt
g @A '8l A MEAA] AR 288k A 2 A %] Aol
2J3)) o)A FAIE A 0.6 VoA Q] A7 s vk, 73}
MEACA 144X 774 = A5 a7 ©d MEAR T A gl o),
O1F e Hagk eyl ksl A 280413t Foll= oF 550 mA/em’=
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Fig. 4. I-V polarization curve of (a) reinforced and (b) single sSPEEK
MEA after MEA degradation.

Table 1. Performance and Electrochemical Properties of single and reinforced sSPEEK MEA

OCV (V) Current density@0.6V (mA/cm?) HCCD@0.3V (mA/cm?) HFR (Q-cm?) CTR (Q-cm?)
Single MEA 0.945 1066.7 0.555 0.068 0.400
Reinforced MEA 0.991 800.0 0.274 0.118 0.531
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F7] W02 Wtk FAFIARF 18320 71870 & FH 3l
Aatehe @2 A go] @l MEAE 20 Q-cm?% DOE (Department
of Energy)lA 3H>1,000Q:cm?) &350 5 v] 2] %9} 7}3} MEA=
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733l MEAS] 43} 144, 280417t ¥ 713184 w4 57 Aw)
Z}7} 38.5, 56.1%% A ge A tH(Fig. 7(a). ©Y MEAS]

G- et Ao w Qlsf 280417 - 7]818HA A HAo] =
7t hFig. 7(b)). B3} 144417t §- A5 v] el B 733 MEA7F
@l MEAS] H]8l| 7ol 2lo] M= A7t o] A4 Uebda2
BRIt} x7|glsh4] o] FAast o) F /MR B olE
tl, PEMFC 7 2714 Pt Y27t &all= o] & A7 Hof 3£
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Nafion ©] =77} Al S&h-g aFA] Hate] 43 ate o] WoA= A
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Fig. 7. Cyclic Voltammetry graph of (a) reinforced and (b) single
sPEEK MEA after MEA degradation.
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