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ç7 zêR �ò*æ~ r� /
� ÒÏ>º Pt-Ru/C¢ º-J»j �Ï~� �¢�JJ 5 öÚ�J ;�� B�~
&
. ê²~ öò& >º FVb~ «~ö V¢ 3«~ /
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. � 7 Phloroglucinol-Formaldehyde(PF) ;~ /
& &Ë
Ö>� �Wj �&b� Ú�W 6� ·^~&
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Abstract: Cryogel and aerogel Pt-Ru/C were synthesized by the sol-gel process for the electrooxidation of methanol.
From XRD analysis, it was found that the catalysts had highly dispersed Pt-Ru alloys on carbon support although
high temperature treatments have been conducted. Electrocatalytic activities of 3 type aerogel catalysts were
investigated in half cell experiments by cyclic voltammetry. Among them, Phloroglucinol-Formaldehyde(PF) type
catalyst shows the highest activity. From the results of deactivation test for each catalysts, the aerogel catalysts are
found to have excellent durability compared with those prepared by colloidal method. 
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1. B �

�ò*æº *Vz� >wö ~� �ò~ z�ö.æ¢ *V
ö.æ� :îb�� *V¢ áº Ë~��, æ B*Ë~f j
v� r �ÎN, &��~ Ë6j &æ� ®
. ß®, ~ã^B
& "6� zv� &v>º º®r ç�öB 
Ö F�� ª¢
¢ jî � > ì
. &N; �ò*æ 7öBê ç7 zêR �
ò*æ(DMFC)º �ª¶ *�î �ò*æ~ �W" ?b¾, 

� Î� �ò*æ
� >²¢ �ò� �º ©" �Ò zêRj
ç7 �ò� ÒÏ~V r^ö, >²~ �Ö, &Ë 5 �ÿ�¢
º *
'� &Ë � ^B6öB ½ÚÆ > ®
. V¢B � Ë
6b�Bº ²;z& &Ë~� V�~ ÒÒ�N VVÒ¢ &Ú
� > ®b�, �ò�/� Ï�~² >�, Ò��¾ öVö V
� ^B6� *Ú�
º 6�j 
 > ®
. ��¾ DMFCº
>²¢ �ò� � r�
 *æ >«" ö.æ &ê& Ôf ^
Böò jî¢, r� /
~ �W� Ôj ôf ·~ æ.³ /


& º�>�, >w ê7 �W>º ¢Özê²ö ~� /
~
bë ^B � �Ö~�¢ � 6� Ö'� ®Ú �� �ò*æ
7öBê /
 BB� &Ë �/� ª¢¢� � > ®
.
W. /
 çöB~ zêR Öz >wö &� ôf ��1-3)&

¯�rröê ®�~� W. ¶Ú�Bº FÏ� anode /
¢
� > ì
. �ö~� zêR~ �Öz �Wb� CO& W. �
�ö ;~² �O~� /
¢ bë�B �Wj /Ï~² ÎÚ
NÒV r^�
. � ^B~ �Öj *� Pt3Cr, Pt3Fej ÒÏ~
�¾4) Bi¢ Î&~�5) CO bëj *� �� Òf& ®b¾ /

~ n;Wö ^B& ®î
. 
� O»b�º, W." 
� .
³~ �.j ÒÏ~º ©� ®
. Pt-Sn, Pt-Re, Pt-Mo, Pt-Ru
�.� � .�� W. �ëb� � r�
 ·^� *� WË
j áî
6,7). ��� �.zº CO bë~ ^B¢ �²z~�
Pt ÒÏïj *�º v &æ Î"& ®
. � 7öBê Pt-Ru
/
º zêz8), r�~ >²z ª�9), r*~ >²z10) �ö
6Ò ÒÏ>º /
�Vê ~� Pt �. 7 zêR Öz>wö
&Ë Ö>� WËj ¾æÚº ©b� rJ^ ®
. ��� Pt-
Ru �.f &Ë ·^� zêR Öz�Wj ��� ®º�, �
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B�»b�º �NöB~ arc-melting»11)� �~ &¦ªj N
æ�
. � �öº ~öB¢ �Ï� �ç~ö»� ®b¾ ·^
� Ö"¢ áV& ¾� ©b� rJ^ ®
. /
~ FÎ ��
'j ¸�V *�Bº z �^� �. «¶& ;W� >Ú¢
~æò, V�~ O»b�º �ê& ®
. �Þ, Pt-Ru �.j ê
² �Ú *ö �æ�Êº ��
ê Þ&® ê¯>� ®
12). �
©f *V *êW� ±b� ��'� � ê² �Ú *ö �W
.³j �ªÖ�B �* �'� W.ÒÏïj *ª" ÿ�ö *
æ ÎNj Ëç�Êº �ç'� B�»�¢ � > ®b¾, jç
ræº V�~ ��», ����» �b� B�>º /

~
Ö"~& Pt-Ru black /
ö �~æ á~º 
;�
.

Pt-Ru �. /
& *Òræº anode /
�B &Ë Ö>�
WËj ��� ®Vº ~æò, Pt-Ru black� 
B �Ê�ö Ò
Ï>Ú¢ � ;ê� �W.³~ �Ïê�öBº jçê ôf ^
B6j æî� ®
. ¯ ê² �Úö Pt-Ru �.j �&� �
ªÖ�Ò > ®
� Pt¾ Ru~ ÒÏïj *¢ > ®Ú ãBW
{�ö � êæ� F > ®j ©�
. V� /
 B� O»~
�ê¢ ��~V *~� � ��öB �ê� º-J »f .³
" �F FV º-J �W" B�B J~ êz 5 ~ö �;j
��~º� ��� �¢�JJ; 5 öÚ�J; Pt-Ru/C /

¢ B�~� *� WËj ï&~&
.

2. 
  þ

2.1. /
 B� 5 ßW �Ò
� ��öBº î�Ú /
 B� O»b�B, Pt 5 Ru~ "
j �F~º resorcinol(phloroglucinol, catechol)-formaldehyde
FV Jj ;W�Î ê �©j êz, ~ö�B Pt-Ru/C /

B�¢ �ê~&
. ¢;ï~ .��¦j �ªr�®�f �þ
bö Ï��Ê�, �Vö "zW.Ö, "z�rªj bö ��
ê Î&~� º-J /
�B êÖ¾Þ�j Î&�
. � Ï�j
&öB ç�� �&~� J� ;W, ?WB
. �¢ ÿÖ��~
� �¢�JJ(cryogel)j B�~�¾, ?WB Jj zêR� Ï

 v~�B �FB b� Ïª® zêR� ~~>� .ªê �
�~� .³� �FB FV öÚ�Jj B�~&
. áÚê �
¢�JJ�¾ öÚ�Jj êz, ~ö�B �¢�JJ;�¾ ö
Ú�J; Pt-Ru/C /
¢ B�~&
. 6� .��¦ &� 2
��&��¦ 5 �r�j FV J öò� ÒÏ� /
ê B�
~&
. � r W." �rª~ Öjº 1 : 1�
. /
 WËj
jv~V *~� ¾ rJê ����»13)j �Ï~� ÿ¢� .
³�æï~ /
¢ B�~&
.  b& "zW.Ö(hexa-
chloroplatinic acid)j ¢;ï Ã~>ö �� ê NaHSO3¢ Î
&~� �ïöB Zï R«� Ï�� >� Pt& ~öB
. �
ê "z�rª(Ruthenium chloride)j BB® R«~� Pt-Ru
colloid& �W>� wï Ï�� áÚê
. �ÚB, ê² �Ú¢
R«~� >² bubbling~öB 4�* ~ö�Î ê Ã~>� >
² ^¿, 60oCöB ê���¢ �V
. ê² �Ú�º çÏ
Vulcan XC-72R¢ ÒÏ~&b� .³ �æïf 20 wt.%� �.
~� B�~&
.
B�B /
ö &~� MicromeriticsÒ~ ASAP 2010 î²
�îO Ë~¢ �Ï~� BET ��', V�¦b, V��Vª�
f ?f textural property¢ G;~&b�, ICP ªCj ¯~�
/
~ 
B .³ �ïj ªC~&
. 6� XRD ªC Ö",
peak *~�¦V Pt-Ru �.~ �Ò �¦¢ ÚÚ �� peak�
b�¦V &Û'� .³ ªÖWj jv~&
. 
B� .³~

«¶ �Vº TEM G;b�¦V áj > ®î
.

2.2. /
~ *� WË ï&
/
~ �W ¯, *�WËj rj�V *~� 
r~ 3*�

half cellj �W~&
. V& *�b�º SCE(saturated calomel
electrode)¢ ÒÏ~&�, ·ë*�f graphite, ç&*�f W.
�j j�~&
. ·ë*�f &N ^ò14)ö ²BB O»b�
&j~&
. ¯, 15 mg~ /
¢ 2.5 mL Ã~>ö .r2 ªÖ
�Î ê 0.02 mL(/
 0.036 mg)j syringe� �~� *� *
ö ÎÚNÖ ê ���Î
. � *ö Nafion Ï�(1wt.%
Nafion)j :� ê 
� ���B jW®
. ·ëÏ�f 0.5 M
�Ö + 1 M zêR >Ï�� >ê� ³ê¢ ;{® �.~� B
�~&b�, *� 
þ *ö î² bubblingb� Ï�Ö²¢ B
�~�, G; 7 Nêº 25oC� Fæ~&
. *�
þf EG &
G~ Potentiostatj ÒÏ~� Cyclo Voltametry(CV)¢ G;�
ê zêR Öz peak~ Maximum current density 8 5 zê
R Öz **~ onsetj jv~� /
WËj ï&~&
. � �
�öB �� CV�Ff &N^ò15)öB ²BB :f ?f *;
'� zêR Öz>wöB j�B ;�ªj {�~&� *~&
êº ·ë*�~ �'�b� ¾æî
.

3. Ö" 5 �V

3.1. �¢�JJ; /

�¢�JJ; /
öBº �� ¾ rJê RF(resorcinol-

formaldehyde) FV º-J �;j 
² æ;~� .³"j ��
� Jj �W� 
r, �¢ ÿÖ��, êz, ~ö �;j Û~
� ê²ö Pt 5 Ru& �æB ç�& B
. î² �îO 
þ
5 ICP ªC Ö", *Ò �W O»b�º .³ �æïj ��
45 wt.%ræ ¸¢ > ®î� B�B /
º 600 m2/g �ç~
9f ��'j &æ� ·^� zêR Öz >w �Wj æî�
®î
. �º *¶*�ã &V Ö" 3~4 nm~ �^� .³ «
¶& 
Ö �¢� ç�� ê² ��ö �Ò~V r^� ©b�
��
. �æïj æz�Î º-J » B� /
~ XRD pattern
j Fig. 1ö ¾æÚî
. XRD ªCöB, � /

~ peak *
~ 5 ;�& çÏ/
 5 ����»b� B�� /
f FÒ
~&b� Pt metal~ XRD pattern�
 �'b� �ÿ� Pt-Ru
�. peak� &G>Ú �.z& ¾ ��Úrrj r > ®�,
� peak
� jò� 6b� ��Ú �j �©
� ê² �Ú
*ö �ªÖ>Ú ®º ç�ªj 
� �® {�� > ®î
.
jÞ� .³ �æï� ¸jöö V¢ .³~ Ö;W� Ã&~
� peak� 
æº ©j r > ®
. 6� Fig. 2f Table 1ö
¾æÞ half cell test Ö"¢ �� 
� /
f îR&æ� .
³ �æï� Ã&�ö V¢ '' zêR Öz~ *~&ê& 

æ� onset potential� Ôjææ� /
 �W� ¸jê
� �
�æ�, ß® 45 wt.%~ /
º ?f �æï~ E-TekÒ /
~
CV �F" �~ FÒ~
. V¢B ��� º-J»b� B��
/
º B� ��j ¦ z �'z�
� ªÖê 5 half cell
WË �öB çÏ/
~ >&j Ë&� &ËWj ��&
.

3.2. öÚ�J; /

�¢�JJf ÿÖ��¢ Û~� jv' >»j *��B Ï

¢ B�~&b¾ .ªê ��¢ �Ï~� >»j �²z~�

Ö ¸f ��'~ öÚ�Jj ò
 > ®
. ¯, .ªê FÚ
¢ �Ï~� ÛJJ Ú¦~ Ï
¢ ºÂ� Úº ãÖöº V-
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� ê�� �Væ pbæ� ��ËKö ~� �� >»" ��
j Oæ� > ®ÚB J �� �&�¢ Fæ~� ���Ò >
®
. � ��öBê .³� �FB FV ÛJJj �Özê²
¢ �Ï� .ªê �� �;j Û~� J ö¾ ��~ æ;ì
� Ï
¢ B��b�� ¾� V� ��~ �V¾" &âÚ ö
Ú�J ;�~ /
¢ B�� > ®î
. FVb öò�B RF
(resorcinol-formaldehyde), PF(phloroglucinol-formaldehyde),
CF(catechol-formaldehyde)¢ ÒÏ~� öÚ�J; 20 wt.% Pt-
Ru/C ~ �Wö W�~&
. 3«~~ öÚ�J; Pt-Ru/C~ .
³ �æïf 20 wt.%, Pt/Ru ö¶jº 1/1� �.~� B�~&
� ICP ªC Ö" N�¢ ��æ p~
. 
ò ÚÊ /
öB
º �NöB~ êz�;öB �ï~ ê² 5 Öz�rª� ¶

B ©b� .çB
. î² �îO 
þ Ö", öÚ�J; /


f 600 m2/g;ê~ 
Ö � j��'j ¾æÚÚ /
�B

Ö FÒ� bWj æî� ®rj r > ®
. XRD ªC Ö
", �
 /

f E-TekÒ~ çÏ /
f îR&æ�, fcc��
¢ &æº Pt-Ru �.~ *;'� peak& ¾æ¾� jò�
peak� ��Ú " r Pt-Ru «¶& �ªÖ>Ú ®rj r >
®
. TEM ªC Ö", B� /
~ ï� .³ «¶ �Vº
2.7~3.5 nm� E-TekÒ~ çÏ /
(2.5 nm)f FÒ� �V�
¾æ¾ �³'� �N ¾Ò �;öê ®�~� �^� .³ «
¶& ê² �Ú *ö ;W>îrj {�~&
.

Fig. 1. XRD patterns of cryogel Pt-Ru/C prepared by sol-gel
method: 1, 0 wt.% Pt-Ru/C; 2, 5 wt.% Pt-Ru/C; 3, 11 wt.% Pt-Ru/
C; 4, 20 wt.% Pt-Ru/C; 5, 45 wt.% Pt-Ru/C.

Fig. 2. Voltammograms of commercial Pt-Ru/C catalyst and
cryogel Pt-Ru/C catalysts prepared by sol-gel method for the
electro-oxidation of methanol in 0.5 M H2SO4 + 1 M CH3OH with a
scan rate of 25 mV s-1: 1, 46 wt.% Pt-Ru/C (E-Tek); 2, 45 wt.% Pt-
Ru/C; 3, 20 wt.% Pt-Ru/C; 4, 11 wt.% Pt-Ru/C.

Table 1. Onset potentials for methanol oxidation on commercial and
prepared catalysts in half cell test.

Catalysts
Onset potential 
(mV, vs. NHE)

46 wt.% Pt-Ru/C (E-Tek) 295

45 wt.% Pt-Ru/C (RF cryogel type) 317

20 wt.% Pt-Ru/C (RF cryogel type) 340

11 wt.% Pt-Ru/C (RF cryogel type) 355

20 wt.% Pt-Ru/C (PF aerogel type) 325

20 wt.% Pt-Ru/C (RF aerogel type) 333

20 wt.% Pt-Ru/C (CF aerogel type) 350

20 wt.% Pt-Ru/C (colloid type) 338

52 wt.% Pt-Ru/C (RF aerogel type) 278

Pt-Ru black (Johnson-Matthey) 281
Fig. 3. Transmission electron micrographs of prepared catalysts;
(1), PF type; (2), Colloid type (20 wt.%).
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öÚ�J; /

~ half cell test Ö"¢ Fig. 4ö ¾æÚ
î
. ?f �æï~ çÏ/
f jv~&j r PF type 5
RF type /
~ ãÖ ¸f maximum current density¢ ¾æ
Úî
. � ãËf Table 1~ onset~ jvöBê {�B
. ß

® /
~ Ú�W 
þj *~� 130²ræ "Ò Å>¢ �Ë
~&j r(6F), çÏ/
& �W &~¢ �� >�ö öÚ�
J; /

~ Ö"º æ�� ì�¾ J®J çß�j " >
®
. � 7öB PF type öÚ�J; /
~ �W� &Ë Ö>
~&º� �©f ·f .³ «¶ �Vö V��
� ��ê
.
Half cell test Ö"�¦V, º-J»b� B�� öÚ�J; /


f Ú�W� �Ú¾� �W� Ö>� DMFC anodeÏ /
&
F > ®º &ËW� 
Ö ¸
� " > ®
.

3.3. ��æ /

/
~ &�W 5 ê²�Ú~ 'Ë �~ �F� �æ/
¢

B� DMFCö 'Ï~V *�Bº .³�æïj 20 wt.%�

¸�¢ �
. FV º-J»~ ßW ç .³�ïj ¸� Jj ;
W�Êº ©f Ï�~æ pæò � ��öBº RF type~ öÚ
�J; /
¢ 52 wt.%~ .³�æïb� B�~&
. � /

~ half cell Ö"¢ Fig. 5f Table 1ö ¾æÚÚ �¢�JJ

Fig. 4. Cyclic voltammograms of prepared catalysts for the
electrooxidation of methanol in 0.5 M H2SO4 + 1 M CH3OH with a
scan rate of 25 mV s-1 ; full line - scan 30 ; dotted line - scan 130 ;
(1), PF type; (2), RF type; (3), CF type; (4), Colloid type (20 wt.%).

Fig. 5. Cyclic voltammograms of commercial and prepared catalysts
for the electrooxidation of methanol in 0.5 M H2SO4 + 1 M CH3OH
with a scan rate of 25 mV s-1: (1) 52 wt.% Pt-Ru/C (aerogel type); (2)
Pt-Ru black (Johnson-Matthey); (3) 45 wt.% Pt-Ru/C (cryogel type).
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; /
 5 Johnson-MattheyÒ~ Pt-Ru black /
f jv~
&
. � Ö"öB �� öÚ�J; /
& �¢�JJ; /

�
 *� �W� Ö>~&b� ß® .³ �ï 100%� çÏ
/
f FÒ� �Wªj r > ®
. � Ö"º j� half cell
testöB áÚrb¾ æ.³ �Ïê& 2V� >º Ö>� Ö"
¢� � > ®j ©�
. 

4. Ö  �

V� /
 B�O»~ �ê¢ ��~V *~� �ê� º-J
»f .³" �F FV º-J �W" B�B J~ êz 5 ~
ö �;j ��~º� ��� O»j �Ï~� .³ ªÖê&

Ö ¸f �¢�JJ 5 öÚ�J; /
¢ B�� > ®î
.
��� º-J O»b� 
·� B� æ>¢ '.® BÚ~� 52
wt.%~ .³�æïræ B�~&b� � öÚ�J /
º *Ò
&Ë Ö>� /
� rJê çÏ Pt-Ru blackö ª.&º half
cell WËj �&
. öÚ�J; /
~ �Wf ¸f .³ ªÖ
êöò jî¢ öÚ�J �� ÚöB~ >wb~ �� {Ö³
êfê &ê& ®j ©b� ºGB
.
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