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Abstract − The selective oxidation of CO in hydrogen mixture was studied over Pt, Ru, and Pt-Ru bimetallic catalysts sup-

ported on alumina, ceria, or alumina impregnated with 10wt% ceria. The experiments were conducted at atmospheric pressure

and in the temperature range of 50-400oC. Ceria was found to significantly promote the catalytic activity of the Pt catalysts by

supplying oxygen to the metal interface, particulary at low temperatures where Pt alone was inactive. The Pt supported on pure

ceria exhibited better low-temperature activity than the Pt supported on the alumina impregnated with ceria. When using chlo-

rine compound as the metal precursor, the residual chlorine present on the catalyst was found to inhibit the oxygen mobility of
the ceria to lower the catalytic activity. Ru also exhibited excellent low-temperature activities at temperatures lower than

150oC. As to the preparation methods for the Pt-Ru bimetallic catalysts, the catalyst directly reduced under hydrogen at 300oC

without prior calcination exhibited better activity than the bimetallic catalysts prepared with a calcination step, indicating that

the calcination step may hinder the formation of the alloy phase.
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1. � �

���� ���� 	
��� �
 ��� ���� �� �� �

�� ��
 ����  !"#$� %&'� ()*+, �-. ��

� /0 �12 345 �6
 )7�2� 8"5 9": 5;<20

=>[1-3]. )7�2� )7? �@A� 6�� BCD 5&� EF <

�� ���� G�� HIJ, KLM!�N(LPG), �OP Q, 8R

ST 6� UVW, XY0 5  )7�2� �@S� Z5 !@
 �

[\? �#A0 =>. 8R D]�� ^<_ 6�UV�N�� 6�

5`� 5aLI�b 1-2%� caLI�(CO)� deA< =>. CO�

0f%��R)7�2(polymer electrolyte membrane fuel cell, PEMFC)

� gh9iWR(j? Pt), kl#m �h9i, BS#$n? 8R

o UV�N� deo CO  10 ppm5S? �p#mq
>. CO  �

pS� rs\?� Pd tu Pd alloy membrane, 5@S� rs,

methanation tu vwx aL�y, 5@S� rs Q5 =\z, 5Y

{ |}c~ ��  �@S� CO� vwx aL�y5 j? �@A0

=>[4-9].

CO� vwx aL�y��� COaLb ��� 6�� aL� &#

� c<�>.

Desired reaction: CO+1/2O2→CO2 (1)

Undesired reaction: H2+1/2O2→H2O (2)

6�� aL� )7�2� �@� 6�  ��#$n? 5  ��S

Tq 
>. E��, ��� COaL 9i �2 �� >g�� ]�A�

COaL� vw�(S) �
 {�S>.
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n.
S= (3)

9i � vw�� �6
 ��? Pt, Rh, Ru, AuQ5 �2o ��Y

5 ���� �#A0 =>. Ohb Sinkevitch[10]� T� ��� ���

��  ��S�\z Ru/Al2O3b Rh/Al2O3� �C �u 9iD vw

�  ���>0 �0S�>. 5 ��Yu �y�� 100oC�� 900 ppm

CO, 800 ppm O2, 0.85% H2(��2 N2) UV�N{� deo CO  p�

> �y# \z, 5G vw�� 70%� 5F>0 �0S�>. Watanabe

Q[11]u 200oC�� 6�UV�N(1% CO, 1% O2, ��2 6�)� �


 aL�y�� Pt/A-zeolite(6.4 wt% Pt)� &c
 �24� alumina

��(vw�: 40%)� �� �6
 vw�(50-60%)  �¡>0 �0S

�>. Kahlich Q[12]� 0.5 wt%Pt/alumina��  �@
 �y��)¢

�� 40-50%� vw�  ��(0 200oC  �C £x� ��? �0

S�>. £¤ Dudfield Q[7, 8, 13]u Pt-Ru� 5¥��(bimetallic)��

  5@ST 20 kW¦ )7�2� 5@� 6 =� aL�y*  8"S

�0, >§~ �y* #N¨, �@ST CO� ©�  15 ppm5Sª2

«¬­>. Korotkikhb Farrauto[13]� promoted Pt ��  �@ST

90oC�� 1,000 ppm CO, O2/CO=0.5, 20% H2, 10% H2O �yUVW{�

CO �L4, 13.2%�� 68%ª2 ®�# 0, 78%]�� �u vw

�  ^­>. �¯, Haruta Q[14, 15]u 6�  deS2 �u CO� a

L�y�� ��aLW� �2o Au� 100oC5S�� �u 9i, �

5� Z\? �0S�\z, 0oC5S� «u ����� �u 9i, �

��>0 �0S�>. Kahlich Q[16]� 6�UV�N{� deo CO

� aL�y�� Au/(α-Fe2O3��  �@S���, Au��� 80oC�

� CO� °f±5 1.5 kPac G 75%� �u vw�  ��\z, Pt/

Al2O3��b ��� ² G 80oC�� Au��� 9iD vw�� 200oC

��� Pt��b !�
 ³, ���>0 �0S�>. ´��, 8R U

VW�� �µ 10-15%]�� 6®*� deA< =\n? aL�y*

� ����� 1¶ «, 
� ��(�� �·+y¸�¹5 "º. 6

=\z, E�� µ¹ 100oC5¹�� 9iD vw�� �u ��� »

¼½S>.

¾ )¢��� CO� vwx aL�y� �6
 9i, �5� Z\

? �0A< =� Pt/Al2O3��[12]b Ru/Al2O3[10], Pt-Ru/Al2O3��

[7, 8] Q, �¿ST CO� vwx aL�y� �
 9i � vw� 

¿�S�\z, À:, Pt-Ru/Al2O3��� 
� �Á� ¿Â� EF 9i �

vw�  ��S�>. Pt��� 
� �-? CeO2, Al2O3, CeO2-Al2O3

  �@ST �-� ÃÄ, ¿�S�\z, ceria� deo Pt/CeO2/Al2O3

��� �� �-? �@o Al2O3� ÃÄ, ¿�S�>. Ceria� %-

� a�BCÅÆ(oxygen storage capacity, OSC)\? ¡� %&' ÇÈ

�N Á�  É
 ��(three-way catalyst, TWC)� �_�? Ê5 �

@Az, À:, Pt, Pdb Ëu ���~ ��� Ì�� 
� IL6��

CO aL �y� B�9i5 ®�S� Z\? �0A­>[17-19]. �
,

Pt/CeO2/Al2O3��� ���� �¢-? �LW, �@ST ��¹�

Cl5 ÍÎS� 
�b �¢-? Ra�, �@ST ´Ï2 �u 
��

�� 9iD vw�� ÐL  ¿�S�>.

2. � �

2-1. ����

1 wt%Pt/Al2O3, 1 wt%Pt/10 wt%CeO2/Al2O3, 1 wt%Pt/CeO2, 0.5 wt%Pt-

0.5 wt%Ru/Al2O3 ´�0 1 wt%Ru/Al2O3��  �¿S�>. ���-

?� γ-Al2O3(Engelhard, BET Ñ¯x 150 m2/g)b CeO2, ́ �0, CeO2/

Al2O3  �@S�>. γ-Al2O3� 1/8”×3.3 mm ÒPÓÔ\? 0.25-0.35 mm

Õ*? fÖST �@S�>. CeO2� cerium(III) nitrate hexahydrate

[Ce(NO3)3 6H2O], �@ST ×�s\? �¿S�>[20]. Â¿(80oC,

12 hr)b �iD](500oC, 5 hr), pØ �¿o CeO2� BETÑ¯x5

89 m2/g\? ��Ù>. CeO2/Al 2O3� 0.25-0.35 mmÕ*� γ-Al 2O3�

Ce(NO3)3 6H2O, �@ST 10 wt%/CeO2  �2
 Ú Â¿b �iD

], pØ� �¿S�>. 5�
 �-  �@ST PtD Ru5 �2o �

�  �¿S��� Table 1� �� �¿# �@o WRD �¿rs, �

Á� ¿ÂQ, ��(­>.

2-2. ����

�yW? CO(99.95%), O2(99.99%), He(99.999%), H2(99.99%)� �@

A­\z, ��� �N� |ÛW, �pS* É� �Á� D], pÜ

>. CO�N� |ÛW? ÝÞß�à, áâ e!S0 =\n? 380oC

? �ão !�+, µD#m |ÛW, ãf�#m �pS�>[21]. He

b H2� oxygen trapD moisture trap, µD#m a� � 6f, �p

S�>. �Á�o �NYu Râ!â�<*(mass flow controller, Brooks

5850E)  �@ST CO 1%, O2 1%, H2 50% � He 48%? ¿äS�\z,

å !âu µ¹ 100 ml/min(STP)� A�æ S�>. �y� �@o ��

âu 22 mg5­\z, �y*(� ��  Q�\? !2S0 �yã,

fa#$* É�� �-? �@
 ZD &c
 Õ*� γ-alumina 250 mg

� çMST MÃ+(̀ 
 6 mm, (
 4 mm)� è_S�>. �y¿Âu

�*±, 50-400oC�� ÒéS�\z, �y* (� ±ÆêS� ë]ì

D 4 kPa]�? ¶#.XS�>.

�yºiUVWu inert gas¡ Heb �yW¡ H2, O2, CO, ºiW¡ CO2,

 
1/2[moles of CO2 formed]

[moles of O2 reacted]

Table 1. The method of catalyst preparation

Catalysts Precusor Method Drying Calcination Reductionb) Symbol

1 wt%Pt/Al2O3 H2PtCl6 Incipient wetness

80oC 
12 hr

500oC 5 hr in air 300oC 3 hr PA

0.5 wt%Pt-0.5 wt%Ru/Al2O3 Pt(NH3)4(NO3)2Ru(NH3)6Cl2 Co-impregnation

c)Pretreatment 1c) PRA-1
Pretreatment 2 PRA-2
Pretreatment 3 PRA-3

1 wt%Ru/Al2O3 Ru(NH3)6Cl2 Impregnation - 400oC, 3 hr RA

1 wt%Pt/CeO2 Pt(NH3)4(NO3)2 Incipient wetness

500oC 5 hr in air 300oC, 3hr

PCe

1 wt%Pt/10 wt%CeO2/Al2O3 Ce(NO3)3 6H2O, H2PtCl6 or 
Pt(NH3)4(NO3)2

Successive impregnationa) d)PCeA-Cl or 
PCeA-N

a)Impregnation of ceria followed by impregnation of platinum. After each impregnation step, drying and calcination were performed. 
b)10%H2/He mixture was used.
c)Pretreatment 1: 500oC, 5 hr calcination in air; 600oC, 5 hr reduction. Pretreatment 2: 500oC, 5 hr calcination in He; 400oC, 5 hr reduction. Pretreatment 3: No calcinatio
400oC, 5 hr reduction

d)PCeA-Cl for H2PtCl6 precursor. PCeA-N for Pt(NH3)4(NO3)2 precursor
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



300 �������

l/
H2O? ¢iA< =\z, CH4� ºiA*� S�>. ºiW� fM� í

�� Gas chromatography(TCD, He carrier)  �@S�\z, O2, CO, CH4,

CO2� f��� Carboxenîï(Alltech� �ð), �@S�0 CO2b

H2O� f��� Porapak Qîï, �@S�>.

�y*�� ºio H2O� ñ6� O2� WR62òD O2, CO, CO2�

fM\? ~a. 6 =>. ´�� O2� �L45 ó, G(<0.3), fM�

�� óu �'� ºio H2O� ô, ~aS�� �j õ �'  c\

ö 6 =>[22]. E��, �y�� Ôio CO2b H2O� vw�  ]÷

: ~aS* É� ø8� GC  �@ST ë]S�>.

 

3. �� 	 
�

3-1. 0.5 wt% Pt-0.5 wt%Ru/Al2O3��	 1 wt%Ru/Al 2O3��

Fig. 1u �iD 	¥¿Â5 �? >F Pt-Ru� 5¥��(bimetallic)�

�� CO �L4D vw�  ��(0 =>. Ptb Ru  &#� �2


Ú Òù�� ��� »b Ë5 ·�2 >F ¿Â(Table 1)�� Á�S�

>. ´ú�� �� »b Ë5 �*{�� �i
 Ú 	¥
 
�(PRA-

1) �L4u 50%, û2 �S0 vw� �
 £0 40%]��>. Hef

É* S�� �i
 
�(PRA-2) ü Ó «u ���� �u 9i, �

5z, �L4� 80%ª2 ¹ýS�\z, vw�� ®�S�>. ´��,

�iD], pþ2 �0 »? 	¥
 
�(PRA-3) Óÿ 9i5 ®�S

T 160oC�� �L45 100%� ��S�>. 5Zu �iD], pþ2

�u 
� Ptb Ru� V�Ôi� *¡
 Z\? �§o>. Blanchard Q

[23]u Pt-Ru/Al2O3 ��  �*{�� �iD], pþ� A¯ Ru� Pt

b co-agglomerate, ÔiS2 �S0 Ru� �°f5 f�(segregation)A

< RuO2 �%� ÔiA� Z\? �0S�>. �
, Antolini Q[24]� �

S¯ Pt-Ru/C� V� ��  �¿S* É� ��if, �2
 Ú »?

	¥D], pØq 
>0 �0S�>. E��, ¾ )¢�� �iD],

p� Pt-Ru��� V�5 ÔiA2 �u Z\? �T2z, �iD], p

þ2 �0 	¥o Pt-Ru/Al2O3 ��� V�, ÔiST ��� �0o »

[7, 8, 25]b Ë5 �6
 9iD vw�  ��(� Z\? �§o>.

Ru� CO� 6�L�y, µ� HI, ÔiS�� �6
 ��? �

�� =� »b Ë5[26] 200oC5¹��� ¹�â� HI5 ºiA­

�� CO �L45 £0�, 2� Ú 	�S>� ># ®�S� Zu

CO� 6�L�y� *¡
 Z5>.

Fig. 2(a)� 1 wt%Ru/Al2O3��(RA)b Pt-RuV���(PRA-3)� CO

�L4D vw�  1 wt%Pt/Al2O3(PA)b ��S�>. PA��� �


9iD vw�, ´�0 �y��� �
 )¢ìD� 5�� 
�� �

��� =>[22]. ��o ��� �y�* CO�L45 ®�S>� £

0�� �� Ú 	�S� 
Ä, ��>. CO�L45 £0� A� �

��� O2� �L4u 100%� ��
>. vw�� CO�L4D �



 
Ä, �5��, ��� E� ®�S>� £0�, 2� Ú ��Ñ

¯, �0 =� CO� Ñ¯�!45 	�S¯� 6�aL�y��� ®

�S0, vw�� 	�S� o>. vw�� ®�S� �� Ã�� ��

�, Kahlich Q[12]u 5 ��Ã��� CO� dL¹�� ��� Ñ¯

� ��A< =� �¯, 6�� �æ Ñ¯�!45 h: ó*� S2X

6�� ���12(~80 kJ/mol)� CO� ���12(~140 kJ/mol) �>

ó�� ��� ®�e� E� 6�� Ñ¯ �!45 	�S* G�¡

Z\? ��S�>[12, 22].

Ru� �2o ��� �L45 	�S>� ># ®�S� 
Ä, �

5�� �� ��
 »b Ë5 CO� 6�L �y� �� HI5 ºi

A* G�5>. Fig. 2(b)� HI\? �	o CO� ô, ��(­��,

Fig. 1. The activity of 0.5%Pt-0.5%Ru/Al2O3 at various pretreatment
conditions.
(Solid symbol: CO converison, Gray symbol: selectivity, feed: 100 ml/
min, CO : O2 : H2=1 : 1 : 50, catalyst weight: 22 mg)

Fig. 2. (a) Comparison of Pt/Al2O3, Pt-Ru/Al2O3 and Ru/Al2O3 catalysts.
(Solid symbol: CO conversion, Gray symbol: selectivity, feed: 100 m
min, CO : O2 : H2=1 : 1 : 50, catalyst weight: 22 mg)
(b) Methanation activity of Pt/Al2O3, Pt-Ru/Al2O3 and Ru/Al2O3

catalysts.
(Feed: 100 ml/min, CO : O2 : H2=1 : 1 : 50, catalyst weight: 22 mg)
���� �40� �3� 2002� 6�



������� �	
 CO� �
� ���� 301

l/
Pt� 
� 350oC5¹5 A¯ áâ� HI5 ºiA� �¯(400oC��

!�A� CO� 5% áX), Ru� deo 
� Óÿ «u ���� HI

5 ºiA* #óS�>. Ptb Ru� e� �2o ��� 
�(PRA-3)

250oC��°� HI5 ºiA* #óST 350oC ����� !�A�

CO� 40%]�� HI\? �	A­>. RuX �2o ��� 
�(RA)

170oC�� HI5 ºiA* #óST 350oC� ��S¯ CO� 98%

]�� HI\? �	A­>. E��, Ru, deS� ��� 
� ��

��  200oCáX\? «È ��� =>.

��âD �y¿i5 &c
 
� Ru� deo ��(RA, PRA-3)�

PtX �2o ��(PA)� �� «u ���� �u 9i, ��>. vw

�� �L45 50-100% A� Ã��� 50-65%]�? Ptb �
Sp�

�� ��Ù>. Ru  de
 
� B�9i5 �u Zu 5�� T�

���� ÷¡. 6 =>. Ohb Sinkevitch Q[10]u ��� ��(Pt, Pd,

Ru), Al2O3� �2
 Ú CO� vwx aL�y� �
 9i, ¿�

S��� Ru� �2o ��� Pt� �� 100oC5¹ «u ���� �

u 9iD vw�  ��>. Bracchini Q[27]� )¢ìD��� Pt/C,

Ru/C, Pt-Ru/CV� ���� CO aL�y� �
 9i, ¿�
 ìD

Ru/C� Pt/C� �� Ó �u 9i, ��(­0, Ru/Cb Pt-Ru/C� �



 9i, �¡>0 �0S�>. �
 Pt-RuV� ���� Ru� e

â5 Ê,6æ 9iu Óÿ ®�S�\z, V����� 9i�u Ru

¡ Z\? �0S�>. 5�
 ìD� Fig. 2(a)��� ìDb � cþS

z, Ru5 deo PRA-3D RA��� 
�� CO� vwx aL�y�

�6
 ��? �§o>.

3-2. 1 wt% Pt/CeO2��	 1 wt%Pt/Al 2O3��

Fig. 3��� 1 wt%Pt/CeO2(PCe)��� �
 9i, 1 wt%Pt/Al2O3

��(PA)b ��S�>. Ceria, �-? 
 PCe��� 
�� PA ��

b &cS� �y�* CO�L45 ®�S>� £0�� �� Ú 	�

S� 
Ä, ��>.

PCe��� PA��� �� 150oC]� «u ���� Ó �u 9i,

��>. &c
 WHSV(270l/g · hr)�� PA��� 242oC�� £0 88%

� �L4, �5� �¯, PCe��� 75oC�� £0 �L45 84%?

��Ù>. vw�� 40-70%]�? PA��b �
Sp� �� ��Ù

>. �
, vw�� 40%5¹50 CO�L45 50%5¹, ��(� �

� �É� PA��� 
� 260oC�� 310oC¡ �¯, PCe��� 
�

60 oC�� 80oC �É? ¹�: �� ��(0 =>.

Ceria� «u ���� 9i, ®�#$� Zu >F �� aLW�

�� a�BCÅÆ(OSC)5 =* G�5z T� ���� ceria� �


ÃÄ5 ¿�A­>[28-32]. Whittington Q[32]u Pt, Pd, Rh Q� ��

, �@ST 6�  deS2 �u COaL�y� �� ceria� ÃÄ,

¿�S�>. �@
 �� ��� �� 50% �L4, ^* É
 ���

ceria� Ì�o 
�, /� 
�� �� «��\z, À:, Pt��� 
�

50oC]� «u ��  �¡>0 �0S�>. Holmgren Q[33, 34]u 	

¥o Pt/CeO2��� 100oC]�� B��� COaL�y� �u 9i

, ��\z, Serre Q[27]� COaL�y� =<� ceria� deo 
�

ceria� /� ��� �� 50% �L4, c\$� ��� 120oC]�

«��>0 �0S�>.

Ceria  �-? �@S� ��¹��� COaL�yu ceria� a�B

CÅÆ\? ¡� Pt/Al2O3 ��b� >F mechanism, Eß� Z\?

�0A­>. Pt/Al2O3� 
� 100oC5S� «u ����� CO� Pt

Ñ¯, ��: �0 =<� O2� ����, r�S2X, ��� 100-

150oC]�? ®�S* #óS¯ COb O2� 
 ��, µ� a��

��5 c<�0, 150oC5¹� ��� A¯ CO2� ºiA< !�o>.

CO2� !�o %�� ># O2� ����5 c<�� �yu Óÿ 9

": c<�� o>[28-31].

�¯, ceria� �2o ��(PCe)� 
� CO� aL� ��
 a��

ceria� ��� ">. #, PtÑ¯, �0 =� COf%� ceria� ���

" a�b CO2, ºiS� 
$, �yW? �¦o O2� a�� ��\

? 	¥o Ce2O3� aL� �@o>. E��, Pt/Al2O3� 
� COb

O2� 
 ��, µ� O2� ����5 c<�q �y5 _éA� �

¯, Pt/CeO2��� 
� COaL  É
 a�  ceria� �¦Sn? «

u ����� �u 9i, ���>0 . 6 =>.

3-3. 1 wt% Pt/10 wt% CeO2/Al 2O3 ��	 1 wt%Pt/CeO2��

Fig. 4��� Al2O3 �-� ceria, 10 wt% �2S0 Pt(NH3)4(NO3)2

, �@ST Pt  �2
 ��(PCeA-N)b Fig. 3� ��� 1 wt%Pt/CeO2
��� �
 9i, ��S�>. PCeA-N��� 
� PA(Fig. 3)� �

��� 100oC]� Ó «u ���� 9i, �52X Fig. 4�� ��

o PCe�>� 50oC]� �u ���� �

 CO�L4, ���>. v

w�� 40-60%]�? PCeb �
Sp� ¿� «� ��Ù>. PCe��

b %&�2? Ì�o ceria� a� �¦\? ¡� ceria� /� PA�>

Fig. 3. Comparison of Al2O3 supported, CeO2 supported 1 wt% Pt catalysts.
(Solid symbol: CO conversion, Gray symbol: selectivity, feed: 100 ml/
min, CO : O2 : H2=1 : 1 : 50, catalyst weight: 22 mg)

Fig. 4. Comparison of CeO2-promoted and CeO2 supported 1 wt% Pt
catalysts.
(Solid symbol: CO conversion, Gray symbol: selectivity, feed: 100 m
min, CO : O2 : H2=1 : 1 : 50, catalyst weight: 22 mg)
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