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. �

çÏ �ª¶ *�î� Nafion 115 5 Nafion 117ï *ö dc magnetron sputteringO»b� Pd ;ïj 
·� vþ
� ÃO� 
r, BîB �ª¶ *�î ï~ morphology, proton *êê(conductivity), zêR R"ê(permeability)¢
G;~&b�, membrane and electrode assemblies(MEA)¢ �W~� DMFC �**æ WËj G;~&
. Pd ;ï
f Nafion ï� æî� ®º �6� zêR crossoverö &� barrier�B ·Ï~&æò, ÿ�ö Nafion ï~ �F ß
W� proton *êê~ 6²¢ &^z
. Pd ;ïö ~~� BîB Nafion ï~ zêRö &� R"êf proton *ê
êº Nafion ï çö ÃOB Pd ;ï~ vþ& Ã&�>� çF'b� 6²~º ãËj ¾æî
. BîB Nafion ï
j ÒÏ~� B·� direct methanol fuel cell(DMFC) �**æ~ WËf *Ú'b� £* &~>î
. 

Abstract : Modified polymer electrolyte membranes were fabricated by the applying dc magnetron sputter-deposited
Pd thin layers on the surface of the NafionTM membranes in argon atmosphere. The Pd thin films were characterized
by investigating its morphology, methanol permeability, and protonic conductivity. The performance of a direct
methanol fuel cell(DMFC) with the modifed polymer electrolyte membrane was also tested by the measurement of
its currents and voltages under flowing methanol. The Pd thin film could be a barrier layer to methanol crossover,
but the protonic conductivity of the modified polymer membrane was reduced. By using the modified polymer
eletrolyte membranes, both the methanol permeability and the protonic conductivity were decreased with increasing
the thickness of Pd thin film. However, the performances of DMFC were almost independent on the thickness of
Pd thim films. The effects of methanol concentration in a feeding fuels on the protonic conductivity and the cell
performance were also investigated. 

Key word : DMFC, Sputtering, Nafion, Pd thin film, Methanol crossover

1. B �

�" *¶Öë~ /³� B�� Z&�, �Þ§, PDA �"
?f Z&Ï �ÿ *¶B®
� &7z>Ú &� ®
. ~æò,
��� B®
~ *öb� ÒÏ>º VVÒº jçræ B®~
�WËz¢ º�~º� ®ÚB ò�� ò� Ïª� WËj B
�~æ á~� ®j ö jî¢, &Ï� j�� Z�Ú �6j

&æ� ®
. ��� º�ö ¦w~V *~�, �" ²;~ z
êRj �ò� � ç7zêR �ò*æ(Direct Methanol Fuel
Cell, DMFC)~ BB��& �B® ��Úæ� ®
.
zêRj �ò� ~º DMFCº �ª¶ïj *�î� ÒÏ~
V r^ö çN ç{öB ·ÿ� &Ë~�, 6� zêRj �ç
b� ç7 ÒÏ~æ� �ò�¦V >²¢ Bî~º BîË~&
jº ì² >Ú *Ú �Ê�� *�~�, �ò~ �/� Ï�~
� *æ�B~ ßW� ¸�, ~ãJ"öê 'Ëj �~æ pb
æ� �¾~ .²; �ÿÏ *öb�B &Ë '�~
� �Î
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æ� ®
1,2).
*Ò ¸f /
 �Wê, *�, �Ú*�î, membrane &

electrode assemblies(MEA), �Ò� �**æ~ '[ � ôf
ª¢ö �� BB� �B® ê¯>Úæ� ®b¾, ÿKöb�B
DMFC¢ çÏz~æº á~� ®º 
;�
. 

DMFC& ²;~ �ÿÏ *öb�B çÏz>V *� �Ö�
¢� ^B 7 ~¾º �ò�ã~ zêR� �ª¶*�î ïj
R"~� �V� ãb� >Ú&º zêR crossover�
. zê
R crossoverº �V� ã~ **¢ 6²�Ê� Ö²~ ~ö>
wj &��b�� Ö"'b� DMFC~ WËj &��Êº "
ö�� >� ®
3). Kuver �f DMFC~ ·�öB �v� 6
²~ ö�� zêR crossoveröB V�B
� ��~&�4),
Verbruggeº zêR� Nafionïj £² R"~V r^ö Nafion
j &Ú� > ®º î�Ú ï� jº~
� ��~&b�5), A.
Heinzel �f zêR crossoverö �~º Nê, O2/air {K, z
êR ³ê �~ 'Ëj ��~&
6). ß®, �ª¶ �Ú*�î
j Û� zêR~ R"¢ ï�¾ 6²�ÊV *� �� O»

� �ê>� ®º�, Ñ ®� O»f zêR~ R"¢ 6²�Ò
> ®º î�Ú �ª¶*�îj BB~º ©�
. Wainright �
f phosphoric acid, sulfuric acid �ö amphoteric acid¢ b
�~� �Ú*�î� polybenzimidazole(PBI)¢ B�~&b�,
PBI *�î ïf ÖzK� �Ú¾�, �' n;W" �N
(200oC)öB Ö>� Vê' ;ê¢ &æ� 6�, �NöB �N
*êê& �Ú¾�, Ôf zêR R"Wj <º
� ��~&

7). v ®� O»f çÏ~ �Ú*�îj filler �j �Ï~�
Bî~º O»��, Jia �f in-situ polymerizationö ~�
poly(1-methylpyrrole)¢ Nafion ïö Ê�
² ~� Nafion ï
~ zêR R"ê¢ 90% �ç 6²�Vb¾, proton �ÿö &
� &�� 
Ö 
 *Ú'� *æ~ WËf 6²�
� ��~
&
8). 6 
� O»f protonö &� R"Wj <º palladium
.³j �Ï~� zêR~ R"¢ ïº ©�
. Pu �f
palladium foil(25µm vþ)j çÏ �Ú*�î Nafion 115 ï
Ò�ö ã«� ;�~ ��*�î ïj ��� Ö" proton *
êê& �Ú¾�, zêR crossover 6� 6²~&b¾ � ��
*�î ïj <º polymer electrolyte membrane fuel
cell(PEMFC)~ *æ WË� ÎÚæº ©b� ¾æÒ
9). 
6, �"ö Choi �f sputtering O»b� palladium ;ï
«² Nafion ïj ;W~� Bî *�
 ¦ z ËçB *æ
WËj áî
� ��~&
10). 2¢®î ö� O» 5 Pd ;
ïj bÒ'b� ÃO~º O»b� Nafion ïj Bî~� z
êR R"ê¢ G;~� *æ WËö �~º 'Ëö &� 
þ
~�, Pd ;ï BîB NafionöB z ËçB �**æ WËj
áî
� ~&b¾, 
þ��� ô� B�B ©��, ôf ;�
¢ ��~ê á~&
.
� ��öBº DMFCö ÒÏ>º �ª¶ *�î~ zêR

crossover~ ÛB¢ *~� Pd .³ ;ïj Nafion 115 5
Nafion 117 ï *ö DC sputtering O»b� ÃO� 
r �
Î"¢ rj�~
. 
·� ��b� Pd ;ïj ÃO~&b�,
zêR crossover Oæ Î"¢ rj�V *� Impedance
Spectroscopy¢ �Ï~� proton *êê(conductivity)¢ G;~
&�, ¶Ú B·B R"ê G; Ë~¢ �Ï~� zêR R"ê
(permeability)¢ G;~&b�, MEA¢ �W~� ''~ �**
æ WËj G;~&
. 6� Field Emission Scanning
Electron Microscope(FE-SEM)j �Ï~� ÃOB Pd ;ï~
�� 5 ��j &V~&
.

2. 
  þ

2.1. Bî �ª¶ *�î ï~ B�
.B>(Resistivity = 18.3 MΩÁcm)ö �&B çÏ Nafion 115
5 117 ïj �ª«�¢ �Ï~� 72�* ÿn ���Î ê,
ï~ � ã� *ö Pd ;ïj DC î�JÞ� Ê¢Vçj �
Ï~� çNöB ÃO~&
. ÃOöº Bê 99.9%f 4�~~
�V¢ <º Pd targetj ÒÏ~�, rotary pumpf turbo-
molecular pump¢ &ÿ�B .V ê�ê& 6.0Ü10-6 torr �~
� Fæ>ê� ~&
. ÃO * target ��~ Öz[ ;Wö ~
� Ò*W &~¢ ïV *~� 99.999%~ Ar &Ê¢ "«~�
8.0Ü10-3 torr~ ê�ê ~öB DC power 60 W� 10ª ÿn
target ��j pre-sputtering � ê Pd ;ïj ÃO~&b�, �
r Pd ;ï~ vþº 10, 30, 100 nm� ~&
. ''~ bW
G;ö �B Pd ;ï� ÃOB Nafion �ª¶ *�î ïj .
B>ö �&~&
.

2.2. Proton *êê 5 zêR R"ê G;
Proton *êê¢ G;~V *� fj ¶Ú'b� B·~&b
�, B·B f~ BÛ'� �âf Fig. 1" ?
. Nafion ïj
7�b� ·ãö *�b� Pt mesh¢ ÒÏ~&�, {Ö[b�
ê²«�¢ ÒÏ~&b�, Ï�� îæ pê� 
Ò~ rubber¢
�Ï~� &ö�V
. �
j Çj"º ��j ~�B �ò 5
b� 
Ú. ·ã~ :�f j�Új �Ï~� B·~&º�,
j�Ú :� *ãöº �ò¢ "«� > ®º "«�¢ Jê~
&b�, >w *�~ �'f 1 cm2� ~&
. Impedance
analyzer(Zhaner, IM6)¢ �Ï~� *öB B·B föB G;
"2> º* 10 HzöB 3 MHz� ~�, *{ê�f 10 mV� ~
� 2*� systemb� proton *êê¢ G;~&
. proton *ê
êº Impedance analyzer¢ �Ï~� ��*�î ï~ &�8
j G;~�, k = d/(RÁrÁA)�j �Ï~� Ö;~&
(k : proton
*êê, d :�� *�îï vþ, R :&�, r :��;çê>, A :
*� �'). Nafion 5 Pd ;ï� z+B ��*�î ïf Î
v ��� � ºÆ ì� �¢~
� 6�~� ��;çê>(r)
f 1� ~&
.
zêR R"êº ¶Ú B·B R"ê G; Ë~¢ �Ï~�

25oCöB G; ~&b�, � BÛêº Fig. 2f ?
. *Ú'�
�;f j�Új �Ï~� Ú¦& �¢ > ®ê� ~&b�, A
f B ¦ª Ò�ö Nafionj �;� > ®² ~&�, A, B '
'öº stirrer bar¢ ËO~� f �¦öB ²*~º ¶C"~

Fig. 1. Schematic diagram of a test cell for protonic conductivity.
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�Kö ~� ²*~�, v compartment Ú~ Ï�� �¢~²
¾ b�F > ®ê� ~&
. A¦ªöº ¢;� zêR ³ê¢
<ê� .B>f b�B 2 M _f ª~~ ³ê¢ <º zêR
Ï�� 7Kö ~� �/>� ê³�B �^¾&ê� ~&
.
B¦ªöº .Vö .B>¢ jÚ 
r, refractive index(RI)
detectorö �Ö~� R">Ú »'B zêR� ¶Ö ³ê� B
~~� � ·j ��6j Û� r > ®ê� ~&
. G;B �
�6f 
r �ö ~� zêR R"ê� ¾æ¾² B
. R"ê
Pº,

dCB/dt : slope of RI Calibration

    C : methanol concentration 
    V : volume of subscript comparment 
    A : Nafion membrane area 
    L : membrane thickness in wetted state
� ¾æ¾² B
. 

2.3. �**æ WË�þ
�**æ~ WËf r�/
� Pt black(/
 �æï = 3 mg/

cm2), ·�/
� Pt-Ru black(/
 �æï = 3 mg/cm2)"
Nafion ïj MEA� �W~� G;~&
. r� 5 ·�ö /

� ÒÏB Pt, Ruº Johnson Mattew, Inc. B®j ÒÏ~&
b�, Teflonized ê² «�(Toray)¢ {Ö[b� ÒÏ~&
. Î
� 
þf 28 cm2 *� �'j <º ²;~ DMFC¢ �Ï~�

�~&�, ff flow channelj <º ;Ò';~ graphite 6
Ò�ö MEA¢ ò�*~ ��� �W~&
. 
�**æ~ WË G;j *�, b& MEA¢ �W~� �**
æ¢ ��� ê, DMFC �**æ stationö ËO~&b�, Ú¦
&Û" ÿ�ö �ò� ãöº 1 M zêRj �V� ãöº &
V{~ Ö² &Ê¢ 90oCöB 12�* ÿn "«~� ·ÿ~�
steady-state¢ Fæ~&
. �� ê electronic loader¢ �Ï~�
*~¢ �êê� Ã&�Ê�, 2 M zêR �ò¢ ~J"� *
~-*{ 5 *K &ê �Fj áî
. 

3. Ö" 5 �V

3.1. Pd ;ï~ ßW
Pd ;ïj Nafion �ª¶ *�î~ ��ö �� 
� vþ�
ÃO~&b�, SEMj �Ï~� �
~ morphology¢ &V~&

. Fig. 3f Pd ;ï� ÃOB Nafion ��ö &� SEM Ò
ê�
. Fig. 3(a)öB Nafion ��ö �¢~² ÃOB Pd ;ï
j " > ®b�, Nafion~ �� ;çö V¢ £* Þg®g

P
dCB

dt
----------

VB

CA
------- L

A
---=

Fig. 2. Schematic diagram of an in-house permeation cell.

Fig. 3. SEM images of Pd thin film on Nafion. (a) cross section, (b) Pd 10 nm, (c) Pd 30 nm, (d) Pd 100 nm. 
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~&
. vþ& 30 nm �~¢ r(Fig. 3(b),(c))º ��� ~&~
�, �ª¶ ïö ¾ 7O~&� �^� ��j &ê ©j " >
®
. ��¾, ÃOB Pd ;ï~ vþ& 100 nm �ç� F ã
Ööº ¢ç� ��� �Î¾º ©j " > ®î�, .B>ö
ËV* �&� ãÖ Nafion ��b�¦V �. ÎÚ^ ¾&º
©j " > ®î
. ��� *çf ��*�î ïöB Nafion
�ª¶ *�î" Pd ;ï~ ccê>~ N� r^b� �Îê

. ÃO ê .B>öB �&~² >º�, � ãÖ Nafion ïf
bj ^.b� � 5 vþ OËb� cc~² >æò, .³�
Pdº cc~æ pº
. ¯ Nafion~ �F Wî� >ªö &�
cJWö V�~º �ËK r^ö, ��ö ÃOB Pd .³ ;
ï~ ��~ {& _f ªÒ*ç� ¾æ¾² B
. V¢B �

þöBº Pd ;ï~ vþ¢ 100 nm �~� ~� 
þ~&
. 

3.2. Proton *êê 5 zêR R"ê
Fig. 4º Nafion 117 ïö ÃOB Pd ;ï~ vþö V�

proton *êê~ æz¢ ��&
. Pd ;ï� ÃO>æ pf B
> Nafion 117~ ãÖ, ^òöB ��>º 8(0.08 S/cm) �

ô� ÎÚæº 0.0206 S/cmj ¾æÚº�, ��� *êê~ N
�º 
þ O»~ N�ö V�~º ©b� �'B
. ^òöB
º Z Ò�æ«~ *�j Nafion 117ï~ �ã �ö v� ¢
;� �Ò¢ Fæ�Ê� 4*� fj �W~�, Nafion ��j
Û� proton~ *êê¢ G;~&b¾11), � 
þöBº Nafion
~ >&ã �ö *�j *~�Ê� 2*� fj �W~�
Nafion Ú¦¢ Û� proton~ *êê¢ G;~� êÖ� Ö"�

. ^òöB j� ±f proton *êê¢ ��~� ®æò, 

B'b� proton� �ÿ~º Nafion Ú¦~ proton *êê& ~
�& ®j ©b� �'B
. Nafionö ÃOB Pd ;ï~ vþ
& vâòî>� proton *êêº 6²~º ©j " > ®º�,
�º *Ú'� proton~ �ÿ �Ò& Ã&~�¾ _f proton�
Pd .³j Û"~² >� �N Wîj ©� >²ö¶ 6º >
²ª¶¢ ;W~º � V�~º ©b� ÒòB
. V¢B Pd .
³ ;ï� proton~ *êö ±æ pf 'Ëj �~º ©b�
6�>î
. �VB, Pd ;ïö �Î¾ ��f Pd ;ï vþ&
­f ãÖf vâÚ ãÖ � ·ç� 
�² ¾æÒæò, *Ú'
� ��~ ·f � N�& ìj ©b� �'~&
. 
¢>'b� *êê f~ ·ã ¦ªö Îv B>� bj jÖ

� *êê¢ G;~² >º�11), Nafionf B>� b�
 zê
R Ï�j z �Ò ^.b�, �� �� ccê z ��
. V
¢B *êê f~ �ã ¦ªö �� 
� ³ê~ zêRj "
«~� zêR ³êö V� proton *êê¢ G;� Ö", zê
R ³êö V¢ proton~ *êêº ê N�& ìrj " > ®
î
(Fig. 5). Proton *êêº ��*�î ï ¶Ú~ �F� 8
�æ� ÿ¢� �� *�î ïöBº zêR ³êö V�
proton *êêº � N�& ìº ©b� ¾æÒ
.

Fig. 6f vþ& 
� Nafion 115(vþ : 0.127 mm) 5 117
(vþ : 0.183 mm)ö &~� G;� Pd ;ï~ ÃO vþö V
� zêR~ R"ê¢ ¾æÞ Ö"�
. Pd ;ïj ÃO� �
�*�î Nafion ï~ zêR R"êº Pd ;ï~ ÃO vþ&
vâò î>� 6N 6²~º ©j " > ®
. B>� Nafion
115~ ãÖ 3.0Ü10-6cm2/s~ zêR R"ê¢ &æ�, Pd 100
nm& ÃOB ãÖ 1.7Ü10-6cm2/s~ zêR R"ê¢ &^, £
43 %~ zêR R"ê~ 6²& ¾æÒb�, Nafion 117~ ã
Ööº 100 nm& ÃOB ãÖ B> Nafion 117ö j� £ 23%
~ zêR R"ê 6²¢ ¢bB, Nafion 117ö j� Nafion
115öB zêR~ R"ê 6²& z �² ¾æÂ ©j " >
®
. R"ê~ 6²;ê& 
�² ¾æÂ ©ö &� ;{� ö

Fig. 4. Effect of Pd thickness on protonic conductivity of Pd-layered
Nafion 117 membranes.

Fig. 5. Effect of methanol concentration on protonic conductivity of
Pd-layered Nafion117.

Fig. 6. Effect of Pd thickness on methanol permeability through Pd-
layered Nafion membranes.
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�f r > ìb�, z ­f Nafion 115öB Pd ;ï~ Î"
& �² ¾æÒ�¾, Nafion 115 5 117 ��ç~ Pd ;ï~

� �� Î· r^� jò& �'B
. Fig. 7f Nafion 115
5 117 ïö Pd ;ïj 30 nm~ vþ� ÃO� 
r, zêR
³êö V� R"ê¢ G;� Ö"¢ ¾æÞ ©�
. zêR~
³êö V¢B Pd ;ï� z+>Ú BîB �� *�î ï~
zêR R"êº � æz& ìº ©b� ¾æÒ
. zêR R"
ê �� proton *êêf îR&æ� �� �ª¶ ï ¶Ú~
ßWb�, G;� ÒÏ� zêR ³ê¢ �J~� êÖ>îbæ
� ³êö V¢ zêR~ R"ê& N�& ìº ©�¢ � >
®
.

3.3. �**æ WË
Fig. 8" Fig. 9º �� vþ~ Pd ;ï� ÃO>Ú BîB

Nafion 115, 117 �� *�î ï~ �**æ WËj G;�
Ö"¢ ¾æÞ ©�
. *Ú'b� " r B> Nafion 5 Pd
BîB ��*�î ïöB Nafion 115~ ãÖ& Nafion 117~
ãÖö j� £* z ¸f WËj ¾æÚîb�, ��� Ö"º

� ^òöB ��B12) ÚÏ" FÒ~² Nafion~ vþ& ­
j>� z Ö>� WËj ¾æÚî
. Pd ;ï� ÃOB ãÖ
öº B>� Nafionö j� DMFC WË� &~>îb�, ß®
¸f *~&êöB 100 nm~ vþ� Pd ;ï� ÃOB ãÖ
*K&ê& �² 6²~&
. ��� ãËf Nafion 117öB z
�² ¾æÒ
. Pd ;ï~ ÃOö ~~� zêR crossoverº
6²~&æò, Pd ;ïö ~� proton~ *êê& 6²~� �
¢ ÒÏ� DMFC *æ~ *K&ê& 6²~º ©b� �'B
.

Pd ;ï~ ÃOö V� DMFC �**æ WË &~~ Ö"º
Choi �� ��� ^ò10)~ ÚÏ"º N�& ®º Ö"��,
Choi�f sputtering O»b� Pd ;ïj 20 nm ÃO~� �*
*æ WË~ Ã&¢ &^z
� ~&æò, � 
þöBº £*
~ WË 6²& ®î
. Choi �� ��� ¢^öBº 200
mA/cm2 �~~ Ôf *~&êöB B> Nafion" Pd ;ïö
~~� BîB Nafion~ *{-*~&êòj �~� WË~ Ã&
¢ "Ë~&º�, � 
þöBº 300 mA/cm2 �~~ *~ &ê
öBº B> Nafion" Pd ;ï BîB Nafion~ WËf ê N
�& ìîb�, ¸f *~&êöB Pd ;ï BîB Nafion~ W
Ë� £* 6²~&
. 

4. Ö  �

� 
þöBº zêR crossover~ Oæ¢ *~� Pd ;ïj
çÏ Nafion �ª¶ *�îö sputtering O»b� ÃO~�
proton *êê, zêR R"ê 5 �**æ WËj �þ~&
.
Pd ;ï~ Nafionö &� 7OWf Ö>~&b¾, Nafion �ª
¶ *�îf bj ^.b� cc~º ßWj &ææ� ��*
�î ïj bö �& ãÖ, ÃOB Pd ;ïö ��� B�~&

. Pd ;ï~ ÃOvþ& vâÞ>� zêR R"êº 6²~
&b¾, proton *êê �� �þ 6²~º ©j " > ®î
.
*Ú'� �**æ WË 6� Pd ;ï~ ÃOö V¢ 6²~º
©j " > ®îº�, ��� Ö"º proton *êê~ 6² r
^� ©b� �'B
. 
� ��öB Ï'� Pd ;ï~ ÃOb� zêR~ R"êº
6²~&b¾ proton~ *êê& 6²~� *Ú'� *æ WË
� 6²~&
. ��� ^B6j �j~V *�, *Ò proton *
êê~ 6² ì� zêR R"¢ �²z � > ®º O»j �
� 7ö ®
.

^�^ò

1. J. H. Hirschenhofer, D. B. Stauffer, R. R. Engleman, M. G. Klett,

Fig. 7. Effect of MeOH concentration on methanol permeability
through Pd-layered Nafion membranes.

Fig. 8. Performance of Pd-layered Nafion 117 membranes. 

Fig. 9. Performance of Pd-layered Nafion 115 membranes. 
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