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Characterization of Membrane/Electrode Assembly for Polymer Electrolyte Membrane
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Abstract— Membrane/electrode assemblies for polymer electrolyte membrane fuel cell were fabricated by impregnation-
reduction method, and effects of fabrication conditions and assembly structures on the cell performance were investigated in
a single cell. The optimal fabrication condition of the membrane/electrode assembly was 1 mM Py(NH;),Cl, impregnation for
60 minutes and 1 mM NaOH, reduction for 2 hours in this experiment. The fuel cell performance could be improved by
making the electrode structure not to have large particle creation and thick catalyst layer formation on the membrane. The
AC impedance measurement showed that high cell performance corresponded to low interfacial resistance of the oxygen elec-
trode and to high double layer capacitance.
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Fig. 1. Fabrication procedure of membrane/electrode assembly by
using impregnation-reduction method.

Mol deme]l A HAsjgct w o) Az 2R WE
7 == ojddele] 725 SEM, TEM % EDXE A}4-3}ef

2. dEEx A Y

2-1. }/ES ofdlg@al "I

2 Ao dajante 2 gFakAzl 1100, F47F 178 ume)
Du PontA}e] Nafion 117& AR&-stgiend, sid k& PyNH,),ChL
(99.99 %, Aldrich Chem. Co.}& Akg-a}eaz’r. Fig. 1= w45 o] A&
2] (Membrane/Electrode Assembly)2] A\ 2342 W oS o). PYNH.,),-
CLE FHRsMetgel S 7, Pt"° Axe]=l =l FAAIZICH
&35 P2 NaBH.Z $hJA 2 AHE3h obga) Solol 4 218147

L
p

o 2hdA]e] Na'=h A9 P Alelol) AE wHo] ot o
el WgZojFe] P o)d 33 2 HYLEE= S0CE #
A shar A2 pH 13l A 247k F<F A Aol 2H4d F Na' e
g H R wier] fjsle] it g Aol A5 A4
7, Aol s W PYNH)CLY FE& W2 Alzsigion,
Afe ;3L Hske] Fagold AHEEted 1207C, 150 atmell A A
FA1A AT AN E E A Tk

A 2ol whE W whx|akg AAstr] $5be] 1A 2]%l Nafion
2t wl g F0iE 913 Nafionoh-& 22004 170°C, 2447} <t
AzA F Ags sl g dRg Alklsisdet. 2As
ol Ee] Fxt g9 ohwlg SEM(5410LV, JEOLYS AJ&-3)e]
wgsigl o, Zofde] ¥-7 o o) Hakd wskg Aasly] 9
3t EDX(Oxford Link ISIS)E #}-8-3}e] linear mappings} A 3k5
A5 i}, =3 TEM(H-600, Hitachiyg AR&-3led wiga]zlel 7

BEEE M35 MI1E 19978 23

387 - olehs

Electrode Membrane Cabon paper
| ;

/

|

.

paaalnliniis

M ‘r‘f‘
L]

T =)
1
E

Gaskets

i
/

Cathode gas : Copper
channels current collector

Graphite Anode gas
block channels

Fig. 2. Exploded view of the proton exchange membrane fuel cell as-
sembly.
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Fig. 3. Schematic diagram of fuel cell test station.
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d concentration time concentration loading
—I\A/M—___l |._ (mM) (min) (mM) (mg/cm’)
(@ 1 20 1 0.42
1 40 1 0.65
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Fig. 4. Equivalent circuit diagram of unit cell at high frequency(a) 1 60 100 0.89
and at low frequency(b)(R,: electrolyte resistance, R;: in- 0.4 60 1 0.52
0.7 60 1 0.69

terfacial resistance, C,: double layer resistance).
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(@
Fig. 5. SEM top view of membrane/electrode assemblies having different impregnation times[1 mM Pt(NH,),Cl,, 1 mM NaBH,, 2 h reduction].
(a) Omin, (b) 20 min, (¢} 60 min, (d) 300 min
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Fig. 6. SEM side view of membrane/electrode assemblies having different fabricating conditions(1 mM NaBH,, 2 h reduction time).
(a) 1h impregnation, 0.4 mM Pt(NH,).Cl,, (b) 1h impregnation, 0.7 mM PYNH,),Cl,,

pregnation, 1 mM Pt(NH,),Cl,.
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ferent impregnation times

20 min 40 min 6() min
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)
24407 52) s 23

28 YA sk AL BolErh ol galA
of AR 0.5-1nm 2718 277} o

312 #4lA w2 9] &

1 mM P(NH;),CL ool 4] 608 £k &3 4]

2 Delalod Az 9 Ealelx WFelte] s

1417k] 7% oF 0.5-1nme] 2715 7

P2 A o S10imeE A 2 el
7ol o} ol e} 3
A2k el skt )

wych o714 BL1Ae) Sk 01, 1,10 D 100mME ol

4

0)-

o}l: ok

AT UGS % )
ul

% 2k Fo 27k g 2 $Hdel 2 U
Jgads) FAE Fei3el H49S o 4 ek
Soh 100mME S1908) A5 AuE Ful Ak e Rl
g i

2] (cluster) =
53] A 9]

vrebd 2



FA-BA ol 2 dah Ay ARAA /AT ojdBee Mz W S43) 25

(®)

Fig. 7. TEM view of platinum of membrane/electrode with different
impregnation times[l mM Pt(NH,),Cl,, 100 mM NaBH,, 2h
reduction].

(a) 24 h impregnation, (b) 1 h impregnation
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Fig. 8. Linear mapping of platinum distribution along the cross sec-
tion of membrane/electrode assemblies with different impreg-
nation times[1 mM Pt(NH,),Cl,, 1 mM NaBH,, reduction time
2h].
(a) 20 min, (b) 40 min, (¢) 60 min
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Fig. 10. Linear mapping platinum distribution along the cross sec-
tion of membrane/electrode assemblies with different reduc-
tant concentrations{1 mM Pt(NH,),Cl,, 1h impregnation, 2
h reduction].

(a) 1mM, (b) 100 mM
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Fig. 11. Effect of impregnation time on potential vs. current density
plots[1l mM Pt(NH,),Cl,, 1 mM NaBH,, 2 h reduction].
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Fig. 12. Nyquist plots with different impregnation times{l mM Pt-
(NH,),Cl,, 1 mM NaBH,, 2 h reduction].
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Table 3. Impedance results and single cell performances of mem-
brane/electrode assemblies with different impregnation times 1000 : ;? mm
.{ m
{1 mM Pt(NH,),Cl,, 1 mM NaBH,, 2 h reduction] —a— 04mM
Impregnation . Current density
k ) I . ’ 800
time(min) R(€)  RALY CF) (mA/cm®) at 7 mV
20 020 239  652x10° 2 z f
40 0.14 141 7.16x10°° 25 S 6003
60 .17 0.98 6.33x 10 ° 51 = x
R D
300 0.17 1.15  522x10 - 34 IS \
& 400
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Fig. 13. Effect of reductant concentrations on potential vs. current
density plots[1 mM Pt(NH;),Cl,, 1 h impregnation, 2 h reduc-

tion].
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Fig. 14. Nyquist plots with different reductant concentrations{l1 mM
Pt(NH,),Cl,, 1 h impregnation, 2 h reduction].

Table 4. Impedance results and single cell performances of mem-
brane/electrode assemblies with different reductant concentra-
tions{1 mM Pt(NH,),Cl,, 1 h impregnation, 2 h reduction]

Reductant Current density
RAQ F )
concentration(mM) R RAY CalF) (mA/cm’) at 700 mV
1 0.17 098 633x10° 51
10 016 125 201x10° 36
100 033 489 877x10° 8
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Fig. 15. Effect of Pt(NH,),Cl, concentrations on potential vs, current
density plots(1 h impregnation, 1 mM NaBH,, 2 h reduction).
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Fig. 16. Nyquist plots with different Pt(NH,),Cl, concentrations(l1h
impregnation, 1 mM NaBH,, 2 h reduction).

Table 5. Impedance results and single cell performances of mem-
brane/electrode assemblies with different Pt(NH,).Cl, concen-
trations(1 h impregnation, 1 mM NaBH,, 2 h reduction)

Pt(NH,),Cl. RAO) RAO C(F Current density
concentration(mM) D RO -alF) {mA/cm’) at 700 mV
04 023 169 955x10° 2
0.7 019 123 333x10° 36
1.0 0.17 094 6.33x10° 51
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