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ABSTRACT This study investigated the effects of the proton-exchanging conditions of the sulfonated poly (ether ether ketone)
(sPEEK) membranes on the decal transfer rate. Various pre-treatment conditions of proton-exchanging the SPEEK membranes were
used in terms of the acid concentration, temperature and time. The SPEEK membranes were analyzed to examine the effects of the acid
concentration, temperature, and immersion time. The proton conductivities of the membranes were evaluated. The membrane electrode
assembly, (MEA) of sSPEEK membranes were fabricated by the decal transfer method. As a result, the pre-treated sSPEEK membranes
showed the highest proton conductivity (0.044 S em™,0.16 meq g']) immersed in 0.5 M H>SO4 for 2h, and it brought about the highest
cell performance (0.39 A cm” @0.6V,0.2609 W cm™) due to a decrease in Ohmic resistance. Among the conditions for pre-treatment,
the concentration of the pre-treatment acid solutions was found to be the most significant factor determining the proton conductivity of
the membranes.
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Fig. 1. Scheme of pre—treatment sPEEK composite membrane




Table 1. Contents of catalysts slurry

lonomer Nafion Pt
binder P(’z? Dispersion ?;V) Ioading2
(%) > (%) ° (mg/cm’)
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Fig. 2. Photographs of sPEEK membrane

Table 2. Conditions of MEA tests

Cell I\, Impedance CV
Temp/RH 70°C / 100% | 70°C / 100% | 70°C / 100%
Feed gas (An/Ca) Ho/Air Hy/Air Ho/No
Flow rate (An/Ca) 254/ 895 254/ 895 200/ 890
cc/min cc/min cc/min
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Fig. 3. lonic conductivity, IEC and water uptake of various
sPEEK composite membranes
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Table 3. Properties of sSPEEK membranes after 2hours in

boiling H2S04
Concentration Proton IEC Water
of HSO4 conduchwty iza) @ ) uptake
(Mol) (Scm’) a9 (Wi%)
0.5 0.044 £ 0,005 | 1,59 £ 0.05 | 28,9 = 0.86
1 0.024 £ 0,002 | 1.68 £0.01 | 25.8 = 0,58
2 0.009 £ 0.0002 | 1,27 £0.37 | 15.2 = 2.03

Table 4. Transfer yields of sSPEEK membranes

Concentration | . | Conditions | Transfer yields (%)
Of(ﬂf)?)m (Hours) ?;e?ﬁggl Anode Cathode

1 93.8 93.9

0.5 2 99.5 97.0

6 94.5 97.0

1 160°C, 98.6 100

1 2 350 bar, 95.5 95.2

6 8 min 93.0 92.3

1 97.9 97.1

2 2 96.9 97.0

6 96.6 98.0




bar, 135°C, 8RS 4] sjo] AAHLh 2 Qi) A
| A 21E & AFH Y AYATE 5510 sPEEK
seaare] AARzS A Aol A e &
E RS RO Sroi HARRO] 10%7} WA ko)
Qtel 9 Aj7bol W AALE WEkE SRIskTh Table 4
oA HofE AAkES 2%l sk HH Ao Fakol wt
E Arkeolles A S ERlsklal, B HAREE 93%
ool & AAkeE Hirh
|25 MEAS & 2F 27] the 59| g4t A9 5 2
AIZFAE]gt sPEEK 739}l o]-8-5t0], MEA HIAE
£ Foll 245 SF3ITt. MEA HIAES] 2712 70°C, A
715 100%2] =004 H7H= it

Fig. 59 I-V &= A1, Fig. 60l Jud #4351
Efiglen, 2= o9 AxjoAel dHslz A9(0Cy,
open circuit voltage)™= 0,94VZE GARSRS: BT} ZAF
W=7} 52 0,.5A em “olote] ARG WA sPEEK
stmante] HAzjehe SusH Aso] A2 R4
3, AFUES} Sl e} o] s ol ewRe) 2

y

ol

H

x

)
Py

1.0 030 £
L
09 027 S
7 2
024 'g
0.8 4 I}
0212
S
S 074 0.18 %
< ‘. K
o NG
> 0.6 - % R - 0.15 jo010
] KR
H P N
2 054 X o e, 042 oo
. a
,,,,,, 0.09 {0006 o~
e SRR T
0.06 - 0.00¢ ﬁ
§ o
03 Y 0.03
)
02 . . . . 0.00 oo

T T T T
00 01 02 03 04 05 06 07 08 09
Current density (A/cm?)

Fig. 5. |-V polarization curve of sPEEK MEAs

T
0.10 4 * 05MHSO,
© 1MHSO,
4 2MHSO,

-Im(z)/Ohm
g

Re(z)/Ohm

Fig. 6. Impedance spectra of sPEEK MEAs

e} 7ol 0,5Me] 85°C FARG-Mo A A )3t sPEEK 7
spEghuto] 7P o MR WEel 0.6VollA 0.39A cm ™
o} &g UEel 0.269W cm “E YEPQICH ShANE
S0l LA ERES] Ao} Aol 2Me] 85°C B4R
oAl A2gt sPEEK Z}2h=E3tdte] MEAS] /d5o] 1IM9
85°C ARG A A 2|gt sPEEK Z}3HE3tato] MEA B
oh A LR AL 81l B 4= A9 SRR 45 e) Aol
= 0.5M2] 85°C AFgHol|A] #]2]3t sPEEK 7oheghat
o] MEAS] 45Ao]Rrt We 7S 2l 3 4 lgom),
A ujz Q1o R [-V TAQ] 71878 K uko]
o] Hjol7} 91e-2 Bl 3 4 glglom, HFRgES) Xho]2
= Blelo] 7Hs3te), FATH B sPEEK ] HA 2|2 53
aro] 4 WEF A7, olF Fdl MEAS] Ad57H4] 9
e 9l Z o7 o] i},

Fig. 7TolAi= MEA /g5l vX|= A=) S/ HA(ECSA)
£ Uehyglom], Table 5014 MEAYS 2412 ojst
9t} ECSAQ] 7F = MEAS} WS MEA ] 2o 20%
22 oF 3m” Pt/ge©] L, 2M2] 85°C ARG A] A]
2]gt sPEEK 7}3}E3hate] d=2] g/dH2o] 0,5M 9] 85°C
kU] Aej3t sPEEK 7518 3tate] MEA R} &
A e AL 89l & 5 9190, 0.5M9) 85°C ARG

300

100

-100

Current Density (mA/cm?)

200 4 --- 0.5MH_SO,

- - -1MHsO,
——2MH,$O,

-300 1 T T T T T T T T —T
0.0 0.2 0.4 06 08 10 1.2
Voltage (V)

Fig. 7. Cyclic voltammetry of sPEEK MEAs

Table 5. Properties of MEA tests

Cog;:i‘:tsraétion 0(8;/ Currg{t).g\znsity Peg:nz%/gver ( nff%*)
(M) (A cm™) (W em™) A
0.5 0.937 0.390 0.269 17.38
1 0.939 0.278 0.172 16,06
2 0.942 0.279 0.190 19.39
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