
Journal of the Korean Electrochemical Society
Vol. 6, No. 1, 2003, 23-27

23

†E-mail: hyha@kist.re.kr

>ÿ;�ç7�zêR��ò*æ~�ßW���

�W�Áf'êÁJ�~ÁsWnÁ~�Ï†

��"�VF��ö, �ò*æ��bV

(2002j  10ú  7¢  7> : 2003j  1ú  10¢  j�)

)NGXGIZKXO`GZOUT� UL� 6GYYO\K� *OXKIZ� 3KZNGTUR� ,[KR� )KRRY

B. K Kho, Y. J. Kim, S. A. Hong, I. H. Oh, and H. Y. Ha†

Fuel Cell Research Center, Korea Institute of Science and Technology
(Received October 7, 2002 : Accepted January 10, 2003)

. �

� ��º Z&Ï *öb� ÒÏ &ËW� ¸f ²; ç7zêR �ò*æ~ �**æf Î��¢ Ê�~ Ú*ßWj
ÚÚ� ©�
. �Vf zêR� �¦öB ;B� �/>æ pº >ÿ;(passive)~ Ú*��öB �' zêR ³êº
4 M�îb�, /
 �æïê 8 mg/cm2öB &Ë ¸f WËj ¾æÚî
. çN ç{ >ÿ; ��öB áf �& W
Ëf 55 mW/cm2�î
. 6B~ �*æ� ��Úê Î��¢ Ê�öBº f*~ WËN�º �² ¾æ¾æ p~b�,
ÂK&êº 37mW/cm2��, 1 W~ ÂKj �&
. 6�, 16f� �WB 2.4 W/ Î��¢ Ê�j B·~� Î;
¶ÿNö ËO~� �º Ú*j W�'b� >¯~&
. 

Abstract: In this study investigations have been carried out for the evaluation of small DMFCs under passive oper-
ation conditions for use in portable powers. Under passive conditions, a maximum performance was obtained at a
methanol concentration of 4 M and at a catalyst loading of 8 mg/cm2 on both electrodes. By optimizing various
parameters, we could achieve the highest performance of 55 mW/cm2 at 1 atm and at R.T. A monopolar stack consisting
of 6 unit cells with active area of 4.5 cm2/cell was prepared and it showed a uniform voltage distribution all over
the cells and it had a power output of 1 watt and a power density of 37 mW/cm2. A monopolar stack which consisted
of 16 cells and produced a 2.4 W power was also fabricated and was tested for operation of a miniature car.

Key words : DMFC, Monopoalr stack, Methanol, Portable power, Passive operation.

1. B �

�ÿÛ�VV~ B�� �WË~ Z&Ï *öö &� >º
& Ã&~� ®b�, V�~ VVÒ& <� ®º �� &æ ®
Þ� 6
, .¢ 
Ú, ·f Ïï, 
f ÒÏ�*, Z Ï*�*,

f >«, öV�~ ��FB �" ?f ^B6
� �� î
�Ú *öö &� º�& Ã&~� ®
1-3). �ò*æöB Z
&Ï *öb� ÒÏ &Ë� ;��º �ª¶ *�î �ò*æ
(PEMFC)f ç7zêR �ò*æ(DMFC)& ®
. �ª¶ *�
î �ò*æ~ ãÖöº �ò� >²~ &Ë 5 �/� &�
��, ¢>'b�º >² &Ë�.� .³>²zb(metal
hydride)j ÒÏ~¾, .³>²zbf Z§�, &Ï� j��,
>²~ ÒÏ*� ®Þ� �6� ®
. �" 
ÚBº î���
�òBîV(micro fuel processor)¢ ÒÏ~V *� ��& �
B® ��Úæ� ®b¾4), ¢Özê²¢ B�~º ^B� ��

Ïzöº �Ò& ®b�, ��� ^B¢ �Ö~Vræº ô

f �K" �*� ²ºF *��
. ç7zêR �ò*æº >
²&� zêRj �ò� ÒÏ~V r^ö Ë~& *��æº
Ë6� ®ÚB Z&Ï *öb�B &ËW� � ©b� rJ^
®
5-8). ��¾, *�WË� Ô�, zêR~ ��ÊJª� �
� WË &~f >«�»� ¢V>º ^B& ®
9-11). V¢B,
��� zêR R"ê &6j *� �ª¶ *�î ï~ BB
" zêR ÖzÏ ��� /
~ BBö &N~� ôf ��
& ��Úæ� ®
12-15). 
> fÞ/ �~~ ²; Z&Ï *öb� ÒÏ~V *�Bº
�ò*æ~ �V& 
Ö ·j¢ ~�, �ò�/j *� Ç³V
¾ ²* �ö ~� *K¶
� �²z>Ú¢ �
. �¢ *�B
º �ò�/� >ÿ'b� ��Úæº ��b� �ò*æ& Ú
*>Ú¢ �
. >ÿ; ç7zêR �ò*æº çN, ç{öB
�V^�(air breathing) 5 >ÿ' zêR �/ (passive
methanol feed)~ ��b� Ú*� ��ÚæV r^ö Ë~&

Ö *��æº Ë6� ®b¾, >wb~ �/ 5 �Wb~ B
�& ö�~ á� B�� ®
. 
� ��öBº �V^�; ç7zêR �ò*æ~ �**æ
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5 Î��¢ Ê�öB ¾æ¾º �� &æ Ú*ßWö &� Ú
Ú�~
. 

2. 
  þ 

zêR �ò*æ~ ��� /
�º W.-�rª(Pt-Ru black)
�.ªöj ÒÏ~&b� ¶²� /
�º W.(Pt black) ªö
j ÒÏ~&
. 6� /
f �J�^¢ �²*�jr�ö IÚ
.r2 v>VöB ¾ b�~� /
¯�� ò� ê ê²Âö
��� òJ /
[j ;W�V
. ' *�öB~ /
 �æï
f .³V&b� 10 mg/cm2¢ ÒÏ~&
. ç7 zêR �ò*
æ~ *�îf �Ú �ª¶ *�î �ò*æ~ *�î" ÿ¢
� ¾bN 115(vþ = 125µm, Du-Pont)¢ ÒÏ~&
. B�B
��� 5 ¶²�Ï *�j *�î ��~ ·ãö ¹� �N
{O�B *�î-*� Ún:Ò(MEA)¢ B�~&�, B�B *
�î-*� Ún:Ò¢ *ææ (�â 1)ö ËO~� WË G;j
~&
. *�~ �'f 6 cm2&
. �V^�; î��� �ò*
æº çNöB Ú*~�, ¶²�ö �/>º ÖzB�º �¦~
�V& ¶�'b� �/>ê� ~�, ���ö �/>º zêR
f ;B� B~�Êæ p� fö ¦O>Ú ®º zêR &Ë�
�¦V ¶�{Öö ~� �/>ê� ~&
. �VöB �V^�
;�¢ �f �¦öB ;B� �V¢ ®Ú"æ p� �V7~
Ö²& ³êNö V� ¶�{Öö ~� ¶²� ãb� �ÿ>
Ú *�>wö ^�~² >º ;�¢ ö�
. �¢ *� ¶²�
ªÒ6ö >�B~ �sj ÑÚB �V& *�b� {Ö>ê�
~&
. Ê�f �â 2f ?� 4.5 cm2~ �'j <º 6f�
��Úê Î��¢ ;�� B·>îb�, �**æöBf ?�
�V^�; 5 >ÿ; �ò�/ ;�� Ú*>î
. 

3. Ö" 5 �V

3.1. >ÿ; �**æ~ WË ï&
ç7zêR �ò*æº �ª¶*�î �ò*æfº �Ò �
ò& �Ú;�� �/>V r^ö >wb~ ³êö � 'Ëj
A² >�, 6� �ò~ �/O�ö V¢ �'~ >wb ³ê&
�¢æ² B
. V¢B � ��öBº b& ���ö �/>º
zêR ³ê& �ò*æ~ WËö �~º 'Ëö &� ÚÚ�
~
. 
�â 3f çN >ÿ; DMFC �**æöB zêR ³ê~
'Ëj ÚÚ� ©�
. �âöB r > ®º :f ?� B²�
*{(open circuit voltage, OCV)f ³ê& Ã&�>� 6²~
º ãËj �&
. �©f ³êÃ&ö V¢ zêR ��ÊJª
& Ã&~æ�� ¶²�öB b�**(mixed potential)& Ã&
~� ¶²�~ **& ÔjæV r^ö ¾æ¾º *ç�
. �
�¾, �ò*æ~ WËf ³ê& Ã&�>� Ã&>� ®b�,
4 MöB &Ë ¸f WËj �&�, 5M �ç� >� 
� WË
� 6²~º ãËj ¾æî
. �' ³ê� 4MöB~ WËf
33 mW/cm2 @ 0.4 V, 40 mW/cm2 @ 0.3 V~ 8j �&
.
zêR ³ê& 1M� ãÖ¢ �� 20 mA/cm2 �~~ Ôf *
~&ê '�öBº ¸f WËj Fæ~&b¾, *~&ê& Ã&
�>� WË� 6²~� 30 mA/cm2 �çöBº /Ï� WË&
~¢ �&
. �©f >wb~ ³ê& ÔjB ¸f *~&ê �
�öBº bî*� ª�� /Ï® Ã&~V r^ö ¾æ¾º *
ç�
. �Þ, zêR ³ê& 5 M �ç� ãÖö WË� 
�
&~>º ©f zêR ��ÊJªö ~� ¶²� **~ 6²
Î"& ³êÃ&ö V� ���~ >w³ê Ã& Î"�
 

rV r^�
. 
�VöB �&æ "Ï� 6f >ÿ; DMFC~ ãÖöº 4 M
zêR ³êöB �� WËj ¾æÚº ©b�B, 1~2 M ³ê
öB ��WËj ��º Ëÿ; �ò*æ (active DMFC) ̄ ,
zêRj ;B� �/�"º ãÖfº � N�¢ ��
. ��
� N�º *�~ >wæ6 ¯, /
[öB~ zêR ³êf &
N� ®º ©b�, *�ÚöB~ zêR ³ê�Vö � ö��
®
. ¯, Ëÿ;~ ãÖöº zêR Ï�~ b�� 
Ö ��
² ��ÚæV r^ö *� ÚöB~ zêR ³ê �V& �æ
p² B
. ��¾, ¶�{Öö ~� zêR� �/>º >ÿ

Fig. 1. Schematic diagram of an passive & air-breathing cell of
DMFC.

Fig. 2 . Schematic diagram of an monopolar stack of DMFC.
Fig 3. Performance of passive DMFCs at various MeOH
concentrations.
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;~ ãÖöº *� ÚöB~ ³êN& 
Ö 
æ² B
. V
¢B, >ÿ;~ ãÖöº ¸f zêR ³êöB �&WË� ¾
æ¾² >º ©�
. 
�â 4º *�~ /
 �æïö V� WËæz¢ ÚÚ� ©
�
. *�~ /
�æïj Ã&�Úö V¢ *æ WË� Ã&
~² >�, 8 mg/cm2öB �& WËj ��� � �ç� >�

� WË� 
² 6²~º ãËj �&
7). /
�æï� Ã
&~² >� >w�W �'� Ã&~² >Ú WË� Ã&~²
>æò, .Z ôjæ� /
[~ vþ& Ã&~² >Ú bî*
� &� �� Ã&~º �Î"¢ Ù² B
. V¢B, /
�æ
ïf �'8� �Ò~² B
. 
�â 5º � ��&öB �W� �ò*æ WËj ¾æÞ ©
b� æ.ræ~ ��öB áf W"¢ ÒÏ~� *�" ªÒ
6~ ��¢ �'z~æ�� WË� �² Ëç>î
. *�f
/
[� VÚ{Ö[b� �R~� V�j ï�¾ /
~ �Ï
ê¢ 6²�Êº *çj Oæ~º VFj �Ï~&b�, ªÒ6
öB zêR 5 �V~ bî*�&�j 6²�Ò > ®ê� �

�¢ BF~&
. V�~ *æº 47 mW/cm2 @ 0.3 Vf
22 mW/cm2 @ 0.4 V~ WËj <� ®îb¾, î�Ú *æö
Bº 55 mW/cm2 @ 0.43 V, 33 mW/cm2 @ 0.5 V~ WËj
�&
. DMFC~ WË Ëçj *�Bº *�~ �W" B��
�~ �'z, *ææ ��~ �'z¢ Û� WËËçj �� >
®º �æ& jçê ô� Îj ®
. 6� *Ò~ WËf ¾b
N *�î ï" çÏ/
¢ ÒÏ~� áf ©b� /
~ WË
j Ëç�Ê� *�î ï~ zêR R"ê¢ &6�Ê� º&�
*æWËj �² Ëç�Ò > ®j ©b� 6�B
. V¢B, �
�� �� &æ ��
j �'z�
� çëz¢ *� Ï�~
� 100 mW/cm2~ WË�Wê 2-3j Úö &Ë� ©�
. 

3.2. >ÿ; Î��¢ Ê�~ WË ï& 
�â 6f 6B~ �**æ� �WB Î��¢ Ê�~ WËj
¾æÞ ©b� ' �**æ~ *��'f 4.5 cm2�� *Ú �
'f 27 cm2�
. �âöB �� �**æöBf îR&æ� Ê
�öBê ³êö V� WËæz& FÒ~² ¾æÒb�, 4 Mö
B &Ë ¸f WËj �&
. ��¾, ÂK&ê¢ �� 37 mW/
cm2 ;ê� ¢>'� WË>~� 40-50 mW/cm2 º*�
 

² Ôf WËj ��
. �©f Î��¢ Ê�öB~ 7/&�
Ã&, >wb 5 �Wb~ bî*� &� Ã& �ö � ö��
®º ©b� 6�B
. *Ú *��'f 27 cm2�B ÂKf �
& 1 W~ ÂKj ¾æÚî
. V¢B, ¢>'� Z&�ö ÒÏ
>º VVÒ~ ²j*Kf 1.5 W @ 3.6 V ;ê�æ� ��'
b�º *Ò B·� Î��¢ Ê�~ 1.5V ;ê~ *��'ò
{�~� Z&�j ·ÿ� > ®j ©�
. 
�â 7f Î��¢ Ê�öB ' �**æ~ WËª�¢ ÚÚ
� ©�
. �âöB �� B²�*{(OCV)f &¦ª~ *æ&
0.58 V� ¢;� 8j ��¾ Fë �îæï~ 6® *æò
0.8 V� 
Ö ¸f 8j �&
. ��¾, ¦~¢ �Ú"� ��
� ß�*ç� ì� Î� *æ& �~ ¢;� *{ª�¢ ¾æ
Ú� ®
. *{ª�¢ ¶^® �� Ôf *~&êöBº *æ
*~ *{N�& �~ ìb¾, *~&ê& Ã&~� 6N *æ
*~ *{N�& ¾æ¾² B
. �©f v &æ ö�ö "��
*çb� º;B
. ¯, Ñ�º *�~ WËö B� N�& ®
V r^��, ~�º *æ~ *~ö V¢ 7/&�� 
�V rFig 4. Performance of passive DMFCs at various catalyst loadings.

5 M MeOH/air, R.T.

Fig 5. Performance improvement by optimization of electrode and
cell structure. 5 M MeOH/air, R.T.

Fig. 6. Performance of the monopolar stack with 6 cells having 6 cm2

per cell. MeOH/air, R.T. 
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^�
. Ê�öB �**æö V¢ WËN�& ¾æ¾� >«j
�»�Êº Î"¢ ¾æÚV r^ö *æWË~ �¢Wj {�
~º ©� 
Ö 7º~
. 
�â 8f Ê�öB �ò¢ �/~º O»� WËö �~º '
Ëj ÚÚ� ©�
. �VöB passive (>ÿ;)º zêR" �
V¢ �¦öB ;B� �/�"æ pº ;�¢ ö~�, air-
blowingf �Vòj �¦öB Ç³V¢ ÒÏ~� ¶²� ãb
� ®Ú"º O»��, MeOH-flowingf zêRj ~J"º O
»j &ÒÎ
7-8,16). �âöB �� passive& �V¢ ~J"�
¾ zêRj ~J"º ©ö j� WË� ¸� Fæ>º ©j
r > ®
. �©f .ç"º 
² ½Ú¾º Ö"��, Î��
¢ Ê�~ "Úê �� ~öBº �V¾ zêRj ~J"º ©
� *æ~ Nê¢ ÎÚNÒ�¾ zêR R"³ê¢ Ã&�B W
Ëj &~�Êº Î"¢ ¾æÚº ©b� ��
. 
�â 9º � ��&öB B�� �ò*æ Ê�j *öb� Ò
Ï~� ò� Î;¶ÿN~ Òê�
. Î;¶ÿNº AA �V~
VVÒ 4B¢ ÿKöb� ÒÏ~º ©b�B, B�B �ò*æ

º 16B~ �**æ� �W>Ú ®b�, *Ú ÂKf 2.4 W,
ÂK*{f 6.0 V >&�
. 
B� Î;¶ÿN¢ ·ÿ�Î Ö
" VVÒ¢ ÒÏ®j rf îR&æ� ö�~² Ú*>îb
¾ �ò�/�¾ �Özê²~ B� �ö ®ÚB 
² BF�
¢ � ^B6
� BÒ>î
. ��¾, � ��¢ Û� >ÿ;
DMFC¢ Z&Ï *öb� ÒÏ� > ®º &ËWj {�� >
®î
. 

4. Ö �

� ��öBº çN ç{öB Ú*>º >ÿ; DMFC~ �
**æ 5 Î��¢ Ê�~ Ú*ßWj ÚÚ�~
. >ÿ;
DMFCº V�~ Ëÿ; �ò*æfº �Ò 
Ö ¸f zêR
³ê& º�>îb�, 4 M ³êöB �& WËj ¾æî
. *
�~ /
�æï �� 8 mg/cm2~ ¸f ·öB �& WËj ¾
æÚî
. ��¾, � �çöBº J®J WË� 
² 6²~º
©b� ¾æÒ
. � ��&öBº æ.ræ~ �� &æ 
þ
j Û� áf ��j ÒÏ~� �'zB ��b� *�" *æ
æj B·~æ�� 55 mW/cm2 @ 0.43 V~ WËj áj >
®î
. 6B~ �*æ� �WB Î��¢ Ê�j B·~� WË
j ªC� Ö" �**æ�
 
² Ôf 37 mW/cm2~ WËj
¾æîb�, *Ú'b�º 1fÞ~ ÂKj �&
. 6�, 16f
� ��Úê 2.4fÞ/ �ò*æ¢ B·~� Î;¶ÿN~ *ö
b� ÒÏ� Ö" >ÿ; DMFC¢ Z&Ï *öb� ÒÏ� >
®º &ËWj {�~&
. 
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