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ç7 zêR �ò*æ(DMFC)~ Öz� B� æ>
ö V� �**æ~ WËæz &V 5 ßWªCj >¯~&
. /

[öB~ �N *êêö 'Ëj "º �J�^~ ·", �J�^f /
~ Ö���¢ Ö;~º /
 Ò�Ò~ Ï

¢ æ>� ~&
. *Ú �J�^~ j& 0.6¢ r �� WËj �&b� ª� &�ê &Ë ·² ¾æÒ
. *Vz�
' �W�'ê �J�^& ¾ÚÆ>� Ã&~&
. �W� ·f Ï
¢>� �J�^& ¾ Ï�>æ pj /
 w÷Ú
~ �V& 
r
. V�~ b�¾ rzR «~~ Ï

ö j� �W� Ôf DPK (ε = 12.60)¢ ÒÏ~� B�� *
�� &Ë ¸f WËj �&b� Ôf ª� &�8j &r
.

Abstract: Single cell performance has been investigated and characterized with variables in the fabrication of DMFC
anode. The performance was checked as a function of ionomer content which affects ion conductivity in the catalyst
layer, and catalyst slurry solvent which determines structure of agglomerates consisting of an ionomer and a catalyst.
Anode with total ionomer to catalyst ratio of 0.6 showed the best performance and the lowest polarization resistance.
Also, electrochemically effective surface area increased with ionomer content. As solubility of the ionomer decreases
with decreasing solvent polarity, the size of agglomerates consisting of a catalyst and an ionomer became larger in
the less polar solvent. The anode using DPK (ε = 12.60) as a solvent, which is less polar than generally-used water
or alcohol species, showed the maximum performance and the lowest polarization resistance.

Key words : DMFC, Ionomer content, Conductivity, Solvent, Polarization resistance.

1. B �

�" ç7 zêR �ò*æö &� &�~ ��f �þ, �ö
&� �� &æ ��& �B® ê¯>� ®
1-3). zêR �ò
*æ �Ê�öBº &¦ª~ �ª¶ *�î �ò*æ(PEMFC)
f îR&æ� "� ¾bN *�îj ÒÏ~� ®
. ��¾ �
�� *�î ïf �Ú *�î" �Ò *� Ú� �R� 
Ú
&æ á�
. ��æ� �W�'f *�î" 7� ¦ªb� B
�>� Ö"'b� /
~ �Ï�� 6²~² B
. ��� £
6j ��~V *~� *�î ï" ?f bî~ �J�^ Ï�
j '�� Ï
ö �� ê, /
[ Úö ���B /
f *�
î Ò�~ >²�N *êê¢ Ëç�Î
. ß® /
[ Úö 

Ú&º �J�^~ ·", Ï
ö ~� Ö;>º /
f �J�
^& ��² >º ��º *�îï-*� Ö�Ú(membrane-

electrode assembly, MEA)~ WËö Ö;'� 'Ëj "² B
.
�� �ª¶ *�î �ò*æ ª¢öBº *���ö ¾bN
�J�^¢ ���Ê� � ·j �'z~º ��& ô� ê¯
>Ú^ z
4-7). �
ö V�� /
[ Ú~ ��B �J�^�
�� *~ *� &�� �² 6²~&� *Vz�' �W�'
� Ã&~&
. �Ò� jº� W. /
~ ·ê ô� *¢ >
®î
. V¢B �J�^ ·~ �'z¢ *� WË G;" '«
*Vz�' ªC� ��Úr
6,7). ��¾ PEMFCöBfº �
Ò ç7 zêR �ò*æöBº �J�^ ·� �ò*æ WË
ö �~º 'Ëö &~� ç7'b� rj� ©f �
æ ôæ
p
. .¢ 
�, Thomas �3)f çÏ j�æ /
ö &~� �
J�^ ·j �.~� Nêö V� �**æ~ WË(0.5 VöB
~ *~&ê)j &V~&
. �Ò� Arico �8)f E-Tek ÒöB
B�� �æ /
f j�æ /
¢ ÒÏ~� �J�^ ·~ '
Ëj ÚÚ� Ö", �æ /
öB z ôf �J�^& jº~

º ©j C&î
. ��¾ DMFC Öz� >wbf �Ú� z



��*Vz�²æ, B 6 ², B 1 ̂ , 2003 19

êR Ï��æ� >²¢ ÒÏ~º PEMFCfº � æz~ ãË
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2.1. Membrane & electrode assembly (MEA)
2.1.1. *� B�
~ö�f 
r" ?� B�~&
. /
�º 47 wt% Pt/C

(Tanaka)¢ ÒÏ~&�, Ï
� IPAf 5% Nafion® Ï�j /

f b�~� .r2 v>�V
. B�B /
 Ò�Òº Ê*
.� �j �Ï~� r*�b� ¾ÒB ê²«�(Toray, TGPH-
060)ö ��� òJ&
. òJ"º /
ïf .³j V&b�
3 mg/cm2�î
. ÒÏ>º C �J�^~ ·f /
ö &� Z
²j� 0.3�î
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ö
&� Z²j� 0.6j ÒÏ~&
.

2.1.2. MEA B�
MEA B�¢ *� *�î ïf Nafion® 117 (Du Pont)j

5% "Öz>² >Ï�" 1 M �ÖÏ�b� 80oCöB ¾Ò~
� ÒÏ~&
. ¾ÒB *�î ï~ ·ãö ~ö�" Öz�j
¹� 140oC, 70V{öB 2ª 30.* {O�B MEA¢ B�
~&
.

2.2. �**æ �W 5 Ú*
�**æº >wb~ �/j *� à¶;(serpentine type)~
F�& ;WB w�6" r��ª end plates� ��Úê *æ
æö *��' 25 cm2~ MEA¢ 
Ò~ Òî~ BÊÝ" �þ
ÚÖ� ;�� �W>Ú ®
. *æ~ WË G;f *V¦~V
(electronic loader, Daegil electronics, EL 500P)ö �Ö� ê
galvanostat»b� *{" *~¢ G;~&
. ~ö�öº
250 sccm~ Ö²¢ &ÛV¢ Û~ê� � ê �/~&
. Öz
�öº zêR~ �³'� B~ �/j *� ¾ÒÊî� ²*
¢ �Ï~� 2 M zêR >Ï�j 5 cc/min~ F³b� ~J"
î
. ·ÿ Nêº 90oC, {Kf 1 atmb� �ç ¢;~&
.

2.3. *Vz� G;»
2.3.1. B~*{*~»(Cyclic voltammetry, CV)
Öz� /
[~ *Vz�' �W ��'j G;~V *~�
B~*{*~»j �Ï~&
. Öz�~ CVº 30oCöB
Potentiostat/Galvanostat (EG&G)j �Ï~� G;~&
. *�
5 MEA~ B�»f *f ?b¾ *� �'j 2.25 cm2� ~
&
. ·ÿ*�� Öz�öº &ÛB î²(200 sccm)¢ �/~
� V&*��¶ ç&*�� ~ö�öº &Û~æ pf >²
(200 sccm)¢ �/~&b�, **(potential)º 50 mV/sec~ ³
ê� -400~1300 mV (vs. NHE)~ º*öB G;~� CV �
Fj áî
.

2.3.2. ªb~Ê ªC(Electrochemical impedance spectro-
scopy, EIS)
ªb~Ê ��Vº Îv Ú*7� �**æöB áîb�

Solartron FRA 1255Bf IM6j �Ï~&
. ~ö�öº *f
îR&æ� >²(200 sccm)¢ ~J"Ú V&*�(normal
hydrogen electrode, NHE)�¶ ç&*�b� ~&b�, Öz�
öº 2 M zêR >Ï�(5 cc/min)j �/~&
. G; "2>
'�f 5 mHz~10 kHz (30oC)f 50 mHz~1 kHz (90oC)�î
b� *{ ê�f 5 mV¢ >æ pê� v~*~ ê�j �.
~&
.

2.4. /
[ ��ªC
/
[ Ú¦~ V�ª�¢ G;~V *~� î² �Oö ~
� BJH»(Micromeritics ASAP 2010)" >f�R»(Mercury
porosimeter, Micrometrics 9220)j �Ï~&
. 6� /
[ Ú
¦~ ��¢ ç7 ÚÚ�V *~� "Ò*¶*�ã(SEM)j �
Ï~&
.

3. Ö" 5 �V

3.1. Öz� /
[~ �J�^ · æz
Fig. 1f Öz�(anode) /
[ ÚöB �J�^ ·~ æzö
V� *æ WËj ª��Fb� ¾æÞ ©�
. �J�^//

= 0.6¢ r& &Ë ¸f WËj ¾æÚ� ®
. �J�^º /

Fig. 1. Effects of the ionomer content in an anode catalyst layer on
the cell performance at 90oC with O2.
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®
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Fig. 3öBº �J�^ · æzö V� Öz�~ *Vz�'
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� � > ®
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C /
fº 
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.
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Úî
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(̧ f "2> '�)öB Ç»" vN~º 6f *�î &�j
~��
. �J�^//
~ j& 0.6¢ rræº �J�^~ ·
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. �º >²�
N *êbî� �J�^~ ·� Ïª�æ�B Ö"'b� *~
*� &�� �² 6²~² >îV r^�
. 0.8¢ rº J®
J &�� Ã&~&º� �J�^º *¶¢ *ê�Ò > ìº
¦êÚ�æ� �J�^~ ·� æ¾~² ¾Ú¾� *~*� &
�� Ã&~² >� >wb *� ã�& ï®² >Ú bî*�
&�� Ã&~² B
. bî*� &�~ Ã&�¦¢ {�~V
*�Bº z ¸f **öB~ 8
" jv� �j¢ �
13). *
�î &�f �J�^ j& �>� 6²~º ãËj �&b¾
�J�^~ ·� Ú¶ ;ê �ç(�J�̂ //
 = 0.5)ò >� �
N�& ¾æ¾æ p~
.
Öz� /
[~ ��¢ {�~V *~� î²�O» 5 "
Ò*¶*�ãj �Ï� ªC~&
. Fig. 5º ' Öz�~ V�
�V ª�¢ î²�O»j �Ï~� G;~� ¾æÞ ©�
.
.ç&� �J�^~ ·� ¾ÚÆ>� V�~ ¦bº *Ú
î

. �J�^~ Z²j& 0.6~0.8~ º*öBº z �ç æz
& ìîº� � º* �ç~ ·~ ãÖöº /
 Ú~ V��
� æz�
º /
f �J�^~ w÷Úö ~� ��æzò�
¾æ¾² B
. Fig. 6f "Ò*¶*�ã(SEM)j �Ï~� '
Öz�~ ��¢ &V� ©�
. Z²j& 0.6, 0.8� ãÖöº
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ö j� £ 2~3V 
^ ®rj r
> ®
.

Fig. 3. Cyclic voltammograms for anodes with varying ionomer
content.

Fig. 2. Power density as a function of ionomer loading at each single
cell voltage depending on ionomer contents.

Fig. 4. Nyquist plots for anodes with varying ionomer content (at
30 oC, 0.4 V vs. NHE).
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3.2. Öz� /
 Ò�ÒÏ Ï
 æz
DMFC *� B� � ò
Úæº /
Ò�Òöº /
f

Nafion® Ï�j ªÖ�ÊV *� Ï
& ÒÏB
. � r Ï

~ �Wö V¢ Nafion® Ï�� Ï�, ����, �*b" ?f
^ &æ ç� 7 ~¾� �Ò~² B
. �¢ ª~~º V&b
� Ï
~ F*ç>¢ 
 > ®
. Uchida �9)ö V�� Ï

~ F*ç>& 10 �ç� ãÖöº Ï�� ;W>�, 10~3�
ãÖöº ���� Ï�j ;W~² >� 3 �~� ãÖöº �
*bj ;W~² B
. Nafion® Ï�" FÒ� Flemion Ï�
(Asahi Glass, Inc.)öBê �f jÝ� Ö"& ¾æÂ
. 

� ��öBº ~ö�(cathode)öº IPA¢ ¢;~² ÒÏ~�
Öz�öº F*ç> 8� 
� MeOH (33.10), IPA (18.30),
DPK (12.60) �~ Ï
¢ ÒÏ~� *�j B�~&
. Fig. 7
f ' *�
j ÒÏ~� B�� �**æ~ WËj ¾æÞ ©
�
. ' *æö &� *K&ê¢ jv~� �� Ï
~ F*ç
>& *Ú
>� WË� Ã&~� ®rj r > ®
. �º F
*ç>& ·f Ï
¢>� /
 ¯�Ú~ «¶ �V& Ã&~
² >Ú Öz� /
[ ÚöB~ bî*�� Ï�~² >V r
^�¢� �'� > ®
. �¢ {�~V *� ' Öz�ö &
~� SEM Òêj 3Ú� Ö" F*ç>& ·f Ï
¢ ÒÏ�
*�¢>� «¶�V& 
æ� ®rj " > ®î
.
' Öz�öB~ ª� &�j ;{~² jv~V *� **
8j æz�Ê�B ªb~Ê¢ G;~� �~
(Fig. 8~10). *
*& Ã&�>� zêR Öz>w� �B~² ¢Ú¾² >� Ô
f **ö j� ¸f **öBº bî*� ";� Öz>w~
B�' º²& B
13). Fig. 8~10öB ¾æ¾º j�~ æªf
Öz�öB~ ª�&�j ¾æÚº� Ôf **öBº "� *
~*� &�j, ¸f **öBº bî*� &�ö ��~º 8
j ¾æÚ² B
. DPK¢ Ï
� ÒÏ� *�f Ôf **ö

Fig. 5. Pore size distributions of anodes with varying ionomer
content.

Fig. 6. SEM photographs showing cross sections of the anodes.

Fig. 7. Effects of the solvent of a catalyst slurry on the cell
performance.

Fig. 8. Nyquist plots of single cells depending on the solvent of
catalyst slurry at 0.2 V vs. NHE.
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Bº 
� *�
ö j� &�� �
& **& 
î>� �
&�8� 66 *Ú
� ®
. bî*� &�� "� ¾æ¾²
>º ¸f **� .>� DPK~ &�8� *Ú
� ®
º

©f 
� *�
ö j~� � *�~ bî*� &�� 
Ö
'
º ©j ~��
. *�~ ��º �J�^ ç�ö V¢B
�² �¢î > ®
. >wb� ÒÏ~º zêR >Ï�f Ë�
* *�" 7/� ãÖ *�~ ��¢ æ;�Ò > ®bæ�
' *�j 2 M zêR >Ï�ö ¢"¢ ÿn �&¹f ê >
f V�G;V� V�ª�~ æz¢ G;~&
(Fig. 11). DPK
� B�� *�� 2N V� '�öB &Ë 9f V� ¦b¢
<º ©b� ¾æÒ
. �©f DPK� B�� /
 ¯�Ú~
«¶& zêR�¾ IPA~ ãÖö j� 
B �©� *� Ú
V� ��ö ç7'� 'Ëj �
V r^b� ��
. 2N V
���& B�F>� *�Ú~ bî*� &�� 6²~� *Ú
*� >wö 3;'b� ·Ï~² B
14).

4. Ö �

� ��öBº DMFC Öz�~ B�ö ÒÏB Ï
 5 /

[~ �J�^ �ïö V� 'Ëj ÚÚ�~
. Öz� Ú~ �
J�^ ·ö V¢ �**æ~ WË� æz>î�, /
ö &�
�J�^~ Z²j& 0.6� ãÖ &Ë ¸f �**æ WËj ¾
æÚî
. Öz� /
º Ïª� *Vz�' �W �'j áV
*�B >²¢ �ò� ÒÏ~º PEMFC~ Pt/C /
ö j~�
z ôf ·~ �J�^& jº~&
. �J�^ ·� �¢öö
V¢ *~*� &�" bî*� &�� æz~&b�, �J�^
·� ·b� *~*� &�� Ã&~&� ·� ôb� bî*�
&�� ç&'b� 
r
. Öz� /
 Ò�Ò B�� ÒÏ>
º Ï
~ F*ç>& ·jî>� �**æ~ WË� Ëç>º
ÎÛj �&b� dipropyl ketonej ÒÏ®j ãÖ &Ë ¸f
WËj ¾æÚî
. Ï
 æzö V� �**æ~ WËËçf Ö
z�~ bî*�&�~ 6²ö ö�� ®º ©b� ��
.
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Fig. 9. Nyquist plots of single cells depending on the solvent of
catalyst slurry at 0.3 V vs. NHE.

Fig. 10. Nyquist plots of single cells depending on the solvent of
catalyst slurry at 0.4 V vs. NHE.

Fig. 11. Cumulative pore volume distributions of electrodes after
immersing in 2M methanol solution for 1 week.


