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. �

çNÁç{öB Ú*>º Z&*öÏ �ò*æ �Ê�öB �òö V� ���f ¶²�~ **ßW" rzR ��ÊJ
ª~ 'Ë 5 Ú*ö '�� rzR �ò~ ³ê¢ {�� Ö", �ª¶ *�î ïj Û� �ç�ò~ ��ÊJªº
zêR, öêR, �Ò� �²*�j rzR ÎvöB B�~&�, �;; �ò�Ê�j 'Ï� �**æ~ WËf 4.5 M
~ zêR� 0.23 VöB 31 mW/cm2

� &Ë Ö>~&
.

Abstract : The potential change, and the crossover of alcohol in a liquid-feed solid polymer electrolyte fuel cell
operating at atmosphere and room temperature was investigated. Alcohol crossover was generated from all the alcohol
by using the fuel. The single-cell property of direct methanol fuel cell was higher than that of other alcohol species
as 31 mW/cm2 at 0.23 V at 4.5 M of methanol. 

Key words : Direct methanol fuel cell, Electrochemical oxidation, Methanol crossover, Portable fuel cell

1. B  �

�ò*æº Ú*Nêf �Wº² �Ò� ÒÏ Ïêö V¢B
�� &æ& ®b¾, �
 7 &NÏ �ò*æ�º >²f ?f
Vç�ò¢ ÒÏ~º �ª¶ *�î �ò*æ(polymer
electrolyte membrane fuel cell: PEMFC)f �ç�ò¢ ÒÏ~
º ç7 zêR �ò*æ(direct methanol fuel cell: DMFC)&
®
. PEMFCº �ò�B >²¢ ÒÏ~V r^ö {»>²¾
>² B�Ï �ò BîV�¦V >²¢ �/Aj¢ �
. ¶ÿ
NÏ �ò*æ~ ãÖöº {»>²¢ ÒÏ~�¾ 6º �ò B
îV¢ ¦O~�, zêR�¾ &ºÖ" ?f öò�¦V >²¢
�Ö~� ÒÏ~² B
. PEMFC¢ ²;z~� �Þ§ ��V
¾ Z&Ï *öb� ÒÏ~V *� ��ê ��Úæ�º ®b
¾, >² &Ë�.�¾ r¢Ò.³ >²zbj &>ª��B >
²¢ �/~�¢ ~V r^ö Z&f �ò�Ïö ÚJÚ ^B
6� ®
. �ö j� �ç~ �ò¢ >²� æ~�Êæ p�
ç7 ÒÏ~º �ò*æº �ò BîV 6º {»>²¢ ÒÏ
~º �ò*æö j� �ò~ �/ 5 �&� £V r^ö Z
&Ï *öb� ÒÏ &ËW� 
Ö ¸
. *Òº >²f ?f
Vç �ò¢ &Ú� �ç �ò�B zêRò� ��>� ®æ
ò, �<öê öêR" �²*�j rzR �ê Vç �ò¢ &

Ú� > ®º �ò
�
. ß®, öêR~ ãÖº ZëW" Ô
f &Ï r^ö �ç �ò�B~ ��j &æ� ®º ©b�
��>� ®b¾, öêRf C-C Ö�� �Ò~V r^ö >w
³ê& ¶Ò�, ¶²�¢ bë�Êº 7*�Wb� "
~² B
�~º ^B6j &æ� ®
. ��¾ �� B�B ��Ö"ö
~~�, W.ê /
öB~ *Vz�' >wWf zêRö j~
� �² ÎÚææ prj r > ®
.1-3) *Vz�' Öz>w
öB B�~º "*{(over potential)" �«�Wb 5 7*�
Wbf rzR~ «~ö V¢ 
�� .¢ 
Ú, zêR" öê
Rf �« �Wb�� �Özê²& �W>æò, �²*�j r
zRf �« �Wb� j^Ê� �WB
. V¢B �ç �ò �
/~ �ª¶ �ò*æº �ò~ *Vz�' >wW" �« �
Wbö V¢ Ú*ßW� �¢æ² B
. 
� ��öBº çNöB Ú*>º ç7 rzR �ò*æ �
Ê�öB �òö V� ���f ¶²�~ ßW 5 rzR ��
ÊJª~ 'Ëj rj��, �'~ rzR �òf ³ê¢ Ö;
~V *� 
þj >¯~&
.

2. 
  þ

� ��ö ÒÏB *�î-*� 7�Ú(membrane and
electrode assembly: MEA)º /
[, /
ææÚ, VÚ {Ö[,
�Ò� �ª¶ *�î ïb� ��Ú^ ®
. /
[f Johnson
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MattheyöB B�B W.ê /
f 5 wt% ¾bN �J�^¢
b" �²*�j rzR(iso-propyl alcohol) b�Ï�ö IÚ .
r2 v>VöB ¾ b�~� /
¯�� ò� ê, /
ææÚ
*ö ªÒê� O»b� ¶²�f ��� '' 10 mg/cm2~ /

[j ;W~&
. � r ÒÏB ææÚº r2�b� ¾ÒB
ê²«�¢ ÒÏ~&
. VÚ {Ö[f ê²ªö(Carbot, Vulcan
XC-72R)" r2� öfb �Ò� &Ò^�j b�� Ò�Ò¢
Ê�Ö *Ö+ »b� ê²«� *ö 1.50±0.05 mg/cm2 ;W
�V
. �ª¶ *�î ïf Du PontÒ~ NafionTM 117j Ò
Ï~&
. NafionTM 117f perfluorosulfonic acid ê�~ �ª
¶ bî�, ÚÇ 5 �&� n;� ç�¢ Fæ~V *~�
Na+� ~~>Ú 6
>V r^ö �¢ 
þö ÒÏ~V *�B
º ��~ FVbîj B�~�, Na+¢ H+ç�� v~~�¢ �

. V¢B Ã~>f 5% "Öz>²> �Ò� 0.5 M~ cf �
Öj �Ï~� Na+¢ H+ç�� v~~� 
þö ÒÏ~&
. �
Ò� MEAº &� {O O»j �Ï~� B�~&
. �ç *
�î~ ãÖº *�" *�î Ò�~ &�� �~ ìb¾, �Ú
�ª¶ *�î~ ãÖº *�" *�î Ò�~ &�� �² ·
Ï~V r^ö *�" *�î Ò�~ 7/j &Ë� � ±² ~
� &�j *�¢�
. V¢B �ª¶ *�îj Ò�ö v�, Ö
z*�" ~ö*�j ·ãö �&Ú 140oCöB 3ª ÿn 200
kgf/cm2~ {Kj &� &� {O O»b� MEA¢ ò
î
.
MEA B�ö &� �;êº Fig. 1" ?
.
çNöB ·ÿ~º �ç �ò �/ �ò*æöB ���f ¶
²�~ "*{" rzR~ ��ÊJª� �� B�~º ¶²�
~ **6²¢ rj�V *� Fig. 2f ?f Ag/AgCl V& *
�j ËO� G; Ë~¢ ò
î
. �ª¶ *�î"~ �N'
� v~¢ ò
Ú"V *� *�îï~ ¢¦¢ 0.5 M �Ö>Ï
�ö �&vî
. �Ö *�îö V&*�j ËO~� ���f
¶²�~ **j &V~&�, V�ê¢ �Ï~� �
 V&*�
"~ **N¢ V�~&
. �ò*æ �Ê�~ WË G;ö Ò
ÏB *ææf j�Új ÒÏ~&�, ß® ¶²�öº ôf �
sj ÑÚ �V& ¾ �/>ê� ~&
. 

3. Ö" 5 �V

3.1. ç7 zêR �ò*æ
ç7 zêR �ò*æº ���(Öz*�)öB � (1)" ?�

zêR" b~ *Vz�' >wö ~� zêR� Öz>Ú �
Özê², >²�N, �Ò� *¶& �WB
. �Özê²º r
¢Ò *�î" >w~� êÖ"j ;W~V r^ö >��
NafionTM" ?f ÖW *�îj ÒÏ�¢ �
. ���öB �
WB >²�Nf �ª¶ *�î ïj Û~� ¶²�� �ÿ~
�, ���öB �WB *¶º �¦ ²�¢ Û� �ÿ~�B z
�>wb� áÚê ¶Fö.æ~ æzïj *Vö.æ� *~
�Ê² B
. ¶²�öBº � (2)f ?� Ö²f >²�N �
Ò� *¶& >w~� bj �W�Ê² B
. *Ú>w�f �
(3)" ?� zêR" Ö²& >w~� b" �Özê²¢ �W
�Ê² >�, �f ?f >wb� ¶²�f ���~ **Nº
1.18 V& B
.

Anode : CH3OH + H2O � CO2 + 6H+ + 6e-  

        Eo
anode = 0.05 V (1)

Cathode : (3/2)O2 + 6H+ + 6e- � 3H2O
        Eo

cathode = 1.23 V (2)

Overall reaction : CH3OH + O2 + H2O � CO2 + 3H2O
        Eo

cell = 1.18 V (3)


B �Ê�öB ��� >wf *�ö ��B W.ê /

ö ~� ê¯B
. ��'b�º ��� **& �& >² *�
ö &� 0.05 V �ç�� ¶B'b� zêR~ Öz>w� ê
¯>Ú¢ ~�, ¶²� **& 1.23 V �~& >�, Ö² ~ö
>w� ¶B'b� ê¯>Ú¢ �
. ��¾ 
B �Ê�öBº
*�~ >w�W� ÔV r^ö �ç'� ��� 8öB ½Ú
¾² B
. 

Fig. 3f ç7 zêR �ò*æ& çNöB Ú*F r ¶²�
f ���~ **f �
 *�*~ **N¢ ¾æÞ ©�
. ç
NöB zêR~ *Vz�' Öz>wö &� �Wz "*{f

Fig. 1. Process diagram of MEA fabrication.

Fig. 2. Experimental apparatus for potential measurement.
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¶²�~ ãÖ, ��8� 0.05 V �
 ¸f 0.25 V ;ê&b�,
���~ ãÖº 1.23 V �
 Ôf 0.85 V ;ê�B ���~
"*{� ¶²�~ "*{ �
 �² ¾æÒ
. ��� *çf
>²f ?f Vç�ò¢ ÒÏ~º PEMFC~ ���~ Öz>
w� ¶²�~ ~ö>w�
 �� ©"º >&� ���~ Ö
z>w� ¶²�~ ~ö>w�
 z ¶Ò² ê¯B
º ©j �
�"º ©�
.4) **N& ��8 �
 ·f �Fº, � (1)"
?� zêR� ª�~� >²�Nj �W~V r^ö �W¶

(kinetic loss)" z®Ú Ú¦ &� ¶
(ohmic loss)� B�~V
r^��, 6� �¾ >wö ^&~æ á� zêR� >²�N
" �þ ¶²� ãb� �ÿ~º zêR ��ÊJª(methanol
crossover)~ 'Ëê ®
.5)

Fig. 4º çNöB Ú*>º �;; �ò�/ �Ê�öB �
��ö zêR >Ï�j �/~V *" �/� ê, zêR ��
ÊJª� �� ¶²�~ B²� *{(open circuit voltage:
OCV)~ **æz¢ ¾æÞ ©�
. zêR ��ÊJªº B>
~² *�î ïj Û� R"*ç r^ö B�~º ©��, *~
& v�² >� z Ã&�
.5) zêR ��ÊJª¢ Oæ~²
>� ¶²�~ **¢ 0.15 V �ç Ã&�Ò > ®V r^ö

zêR ��ÊJª Oæ¢ *� O»b� :¢ö 6º :¢ö/
W. ;ïj *�î ï *ö ;W�Êº O»6)" êz>² ê
�~ *�î ïj ÒÏ~º O»7,8) �� �ê>� ®
.

Fig. 5º VÚ {Ö[� ;WB ê²«� *ö ¶²�f ��
�ö '' 10 mg/cm2~ /
[j ;W� ê, çNÁç{öB
�V¢ ÖzB� ~�, zêR~ ³ê¢ 1.0 M~6.0 Mræ æ
z�B Ú*� �**æ(single cell)~ WËj ¾æÞ ©�
.
zêR~ ³ê& Ã&~�B OCVº ç&'b� Ôf 8j �
&
. ��� *çf zêR~ ³ê& Ã&~�B �
 z ôf
·~ zêR� *�î ïj Û~� ¶²� ãb� �ÿ®V r
^�
.6) OCV& Ôf ©"º �Ò zêR 4.5 MöB &Ë Ö
>� WËj �&b�, 1, 3, �Ò� 6 M~ ãÖöº ç&'b
� Ôf WËj �&
. zêR ³ê& Ôf ãÖº, *~&ê
& Ã&�>� bî*� B� *ç� B�~V r^��, 6 M
" ?� ç&'b� ¸f ³ê~ zêRf .V Ú* ��öB
zêR ��ÊJª& Ã&~� �**æ~ WË� 6²~º ©
�¢ �'B
. � 
þöB~ �� WËf zêR ³ê 4.5 M
¢ r 0.24 VöB 31 mW/cm2~ WËj �&
. �f ?f W
Ëf 1 W/ �~~ VVÒ &ÚÏ *ö�¾ Z&Ï *öb�
ÒÏ� > ®
º &ËWj �� ©�
.

3.2. ç7 öêR �ò*æ
¢>'b� öêR~ Öz>wf � (4),(5)f ?� ê¯B
.
� (4)f ?� öêR~ ³ê& Ã&~� �Özê²�
º r
�®�~ �W� Ã&~� Ôf *Vö.æ& B�~�,9-11) �
(5)f ?� >Ï� ç�öBº 12B~ >²�Nj �W� > ®

. � (1)" � (5)¢ jv� ��, 1 M zêR� 1 M~ b"
>w~º ©"º �Ò 1 M öêRf 3 M~ b" >w~V r
^ö ç&'b� Ôf ³êöB Ú*F ©��, �;'b�º
zêRj �ò� ÒÏ~º ©�
º FÒ� 6� ®
. 

C2H5OH � CH3-CHO + 2e- + 2H+ (4)

C2H5OH + 3H2O � 2CO2 + 12e- + 12H+ (5)

Fig. 6f 2 M~ öêR >Ï�j ���~ �ò� ÒÏ~�,
ÖzB� �V¢ ÒÏ� ��öB *~& v�æ pº OCV ç
�öB ���f ¶²�~ **f **N¢ G;� ©�
. .

Fig. 3. Potential change of DMFC at a static-feed system.

Fig. 4. Potential change on the cathode side by methanol crossover
at a static-feed system.

Fig. 5. Single-cell performance of DMFC with methanol concent-
ration.
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Vö ¶²�ö �V& jò^ ®º ç���, ���ö öêR
>Ï�j �/~�B G;� �·>î
. ¶²�~ **º zê
Rj ÒÏ� ãÖ�
 **6²& 'îæò, ���öBº zê
R~ Öz>wö j� �Wz "*{� z �² ¾æÒ
. �f
?f *çf Öz>w� ê¯>�B �Özê²�
º r�®
�& z ô� �W>V r^��, C-C Ö�j pÚ¢~V r^
ö �W¶
� zêRö j� z �² B�� ©�
.

Fig. 7f VÚ {Ö[� ;WB ê²«� *ö ¶²�f ��
�ö '' 10 mg/cm2~ /
[j ;W� ê, çNÁç{öB
�V¢ ÖzB� ~�, öêR~ ³ê¢ 1.0 M~6.0 Mræ æ
z�B Ú*� �**æ~ WËj ¾æÞ ©�
. zêR~ Ö
"f ?� öêR~ ³ê& Ã&~�B OCVº 6²~&
. �
©f öêR ³ê& Ã&~�B öêR� *�î ïj Û~�
¶²� ãb� �ÿ®V r^�
. �**æ~ WËf zêR"
�Ò *~&ê& Ã&~�B /Ï® 6²~º�, ���~ Öz
>wöB �Özê²�
º r�®�& "�Wb� �W>V r
^�¢ �'B
. �**æ~ ßWê zêR~ ãÖf jÝ~²
ç&'b� ³ê& Ôj ãÖº bî*� B� *ç� �&b
�, öêR ³ê& ¸jî>� öêR~ ��ÊJªº Ã&~�

WË� 6²~º *çj �&
. "�Wb� r�®�� �~�
*æWËf zêRö j� *&® ÎÚ^B 3 M öêRj ÒÏ
� r 0.2 VöB 3 mW/cm2ö ®"~&
. �f ?� öêRf
.V WËöBº Ö>~æò ç7 rzR �ò*æ~ �ò�º
¦'�~
. ��¾ �f ?f WËf &NöB Ú*~º ãÖ
ö ¾æ¾º *ç��, Wang et. al.12)~ ��Ö"ö ~~� *
�îj phosphoric acid-doped polybenzimidazole� ÒÏ~�
170oC ;ê~ �NöB Ú*~º ãÖöº öêRj �ò� Ò
Ï� > ®
� B�~&
.

3.3. ç7 �²*�j rzR �ò*æ
¢>'b� �²*�j rzR~ Öz>wf � (6),(7)" ?
� ê¯B
.

CH3CHOHCH3� CH3-CO-CH3+ 2H+ + 2e- (6)

CH3CHOHCH3 + H2O� CH3-CO-CH3+ H2O + 2H+ + 2e- (7)

�²*�j rzR~ " �Wbf j^Ê�V r^ö öêR
~ ãÖf ?� Ôf *Vö.æ¢ �W� > <ö ì
. V¢
B ��� *çj {�~V *~� �²*�j rzRj �ò
� ÒÏ~�, ÖzB� �V¢ ÒÏ� ��öB *~& v�æ
pº OCV ç�öB ���f ¶²�~ **f �
 *�*~
**N¢ G;~&
. Fig. 8ö ¾æÞ :f ?�, �²*�*j
rzRf öêR" zêRö j����~ **& ·j *æW
Ëf Ö>~² ¾æÒ
. ~æò, &Û 30ª ;ê& ã"~�
*�~ WËf *&® 6²~æ� ç7 rzR �ò*æ~ �
ç �ò�~ ÒÏf ¦'�~
� �'B
. 

Fig. 9º VÚ {Ö[� ;WB ê²«� *ö ¶²�f ��
�ö '' 10 mg/cm2~ /
[j ;W� ê, çNÁç{öB
�V¢ ÖzB� ~�, �²*�j rzR~ ³ê¢ 1.0 M~
6.0 Mræ æz�B Ú*� �**æ~ WËj ¾æÞ ©�
.
�²*�j rzR 6� zêR�¾ öêR" ?� �²*�j
rzR~ ³ê& Ã&~�B OCVº ç&'b� Ôf 8j �
&
. �**æ~ ßWê zêR" öêR~ ãÖf ?� �²
*�j rzR~ ³ê& 3 M �~� Ôj ãÖº bî*� B
� *çj �&b�, �²*�j rzR~ ³ê& 3 M �çb
� ¸jî>� ��ÊJªº Ã&~� WË� 6²~º *çj

Fig. 6. Potential change by ethanol crossover at a static-feed system.

Fig. 7. Single-cell performance of direct ethanol fuel cell with
ethanol concentration.

Fig. 8. Potential change by iso-propyl alcohol crossover at a static-
feed system.
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�&
. *æWËf 3 M �²*�j rzRj ÒÏ� r, 0.6 V
öB 17 mW/cm2�B 
Ö ¸f 8j �&b¾, 30 mA/cm2

�ç~ ¸f *~&êöBº *{� /Ï® 6²~º *çj ¾
æî
. �f ?� WË� /Ï® 6²~º �Fº "�Wb�
;WB j^Ê� �¦~ ö.æ ì� z �ç ª�F > ìV
r^ö ¶²�ö >²�Nj �/� > ì�, bëbî� ·Ï
~V r^�¢ �'B
. V¢B �²*�j r�f çNÁç{
öBöB Ú*>º ç7 rzR �ò*æ~ �ò�º ¦'��
©b� ��
.

Fig. 10f zêR, öêR, �Ò� �²*�j rzR~ �*
*æ WËj jv� ©�
. zêR �ò*æ~ ¶²�~ **

º öêR" �²*�j rzRj ÒÏ� �ò*æö j� z
ô� 6²~æò ���öB~ Öz>w ³ê& 
� rzR~
�
º ¸V r^ö çNÁç{~ �ç �ò�º &Ë '�~

� 6��
.

4. Ö  �

zêR, öêR �Ò� �²*�j rzR~ ¶²�f ���
~ **æz¢ {�� Ö", .V ¶²� **8f zêRö j
� öêR" �²*�j rzR� � 8j &rb�, �²*�
j rzR~ ãÖº 0.7 VöB 17 mW/cm2~ ¸f WËj ¾
æî
. ��¾ öêR" �²*�j rzR~ ãÖ, ��� Ö
z>wöB /
¢ bë�Êº r�®�f j^Ê� �W>Ú
�*� ã"�>� *æ WË� /Ï® 6²~&
. 6� �ª
¶ *�î ïj Û� rzR~ ��ÊJªº zêR, öêR, �
Ò� �²*�j rzR ÎvöB B�~&b�, rzR~ ³ê
& ¸j>� z× z ô� B��j r > ®î
. ��¾ zê
R �ò*æº zêR ��ÊJª� �� ¶²� **º Ô~
b¾, ¸f *~&ê º*öBê ¸f *æ WËj ¾æÚÚ,
4.5 M~ zêR ³ê¢ r 0.24 VöB 31 mW/cm2~ WËj
�&
. ¯, zêRf öêR�¾ �²*�j rzRö j� �
�� Öz>wöB ¾æ¾º 7*�Wbö ~� /
[ bë *
ç� 
Ö ÔV r^ö ¸f *æWËj ¾æÚº ©b� ��

. �f ?f Ö"� " r, çNÁç{öB ·ÿ~º Z&*
öÏ �ò*æ~ �ç�òº zêR� &Ë '.~�, /
ï
10 mg/cm2~ ãÖº 4.5 M� &Ë '.� ³êªj {�� >
®î
.
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Fig. 9. Single-cell performance of direct iso-propyl alcohol fuel cell
with iso-propyl alcohol concentration.

Fig. 10. Single-cell performance of liquid-feed polymer electrolyte
fuel cell with variable alcohol.


