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u�� ��T�0.

Abstract − The effect on the heat resistance of the catalysts has been studied upon the addition of cerium to basic three way

catalyst(PtRh/Al2O3) and of alkaline earth/rare earth metal to the standard three way catalyst(PtRh-Ce/Al2O3). Light-off tem-

perature and three way conversion rate were evaluated with the simulated automotive exhaust gas mixture of H2, CO, C3H6,

C3H8, NO, CO2, O2, H2O and N2 over fresh catalyst and over the aged one at 950oC for 100 hours. The prepared catalysts were

characterized utilizing BET and SEM. The addition of cerium to the PtRh/Al2O3 catalyst severely reduced the oxidation of CO
and hydrocarbon under the lean condition(λ=1.03) and the reduction of NOx under the rich(λ=0.97) or stoichiometric condi-

tion(λ=1.00) due to sintering of cerium with the precious metals and producing of CeAlO3 compound with alumina. When

alkaline earth(Mg, Ca, Sr or Ba) or rare earth metal(La or Nd) was added to PtRh-Ce/Al2O3 and aged, catalyst with barium

showed the highest catalytic activity with the best thermal stability, and neodymium, strontium and lanthanum added catalysts

had the higher activities in the order. However, calcium addition to the catalyst had little effect on the thermal stability, show-

ing a little higher catalytic activity with the standard catalyst. Magnesium added catalyst was extremely deactivated compared

to the standard catalyst due to the enhanced sintering with precious metal and alumina. 
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1. � �

��� ���� �	�
� �
 ��� ����� �	�� ��

�	 ��� �	�
 ��� ��  ! "#� $�% �	 �
&�

$' � ()*+ �, �
&! -.�/0. 123 !4 ��� 56

����� 7	 89:;� !� <= > ?, @ABC� *D�	 �

EFG0. @ABC� �	�
� HI J KI�L �! MN OF�

P�7 7Q��I CO, HC J NOxR ��S !F; �TUV FW, �

��� 16X km(10X mile)R YZ [\] ^_!3 `a
 �_ ��

�
 �	�
� ^K b=�I BC� cd J 'eI� f]g > h

� i.dj f]UVX 
0. !k�I -l3 "#mn op -l q

��� rs
 Pb, P J S �� �
 tu�I idj vw^ h,V 
0.

x� ��� BCDy; 300 z� 400 cell/in2(cpsi)� n{|(monolith

type) BC� �}~j �]F^ h0. @ABC� cd��; �� �

! �DF^ h� �p ��� A� � Pt, Pd J Rh+� !: ��_

A�:! ^���I �.F^ �� �D�� !f� i.d J iu

d! �>F	 [�!0. ��_! �� A�;� �!A�� _F�

Ti, V, Cr, Mn� �� A�+ Fe, Co, Ni, Cu �! hy3 ��� A�

� PU i.d, i�d! �,]W -l �� �� �U tu�	 �

^ �{% ��F� �N Pcd� �	 [�� !2
 P�_Xy;

@ABC� *D! ,�� �y;  �¡ h0[1]. @ABC�� ��

_� �)p ¢� J �A d~! £¤ rs�, h,V F¥;, n�

*y; Pt-Rh, Pd-Rh, Pt-Pd-Rhy; .d¦0. ! ��� Rh! �! r

s�� BC� light-offd§� NOx ��¨! 7©ª «7�3 �a!

P¬ ­�d! �,]	 [�� Rh �D®j ¯��F� 8°! £±

�,¡ ²0[2]. 1�^ Pt� Pd� PU tu� �F^ r� ³�>�

� ��� ´�� M¥; x� ���� �	�
 ��R µ
 @AB

C; Pt-Rh BC� �� �! *D�^ h0. 1�^ Pt-Rhp Pt3 Rh

! ¶uy; �D· [¸0 BC d§! ¹�ª º�#0[3].

Pd-Rh BC� Pd� HC� light-off d§$' J �O|� �
 ��

! h, "# �\! �D�3, �� NOx �T d§! »U]^ ¼-

P ½(A/F window)! ¾�]W tu� �
 Pcd�� ���y; ]

*�^ h0[4]. !k�I ¿À	Á� «7 J -l ��	Á� Â�y

; Pd Xj !DF�  p ́ �R 	�F� -.I !Ã,]^ h0[5].

@A BC� ¶�p ¼-P ½! ¾0� �!¥;, ¢� Ä���+

ÅÆ �j q�F� !2
 ¶�j ÇÈU ¸�� bÉ:! !Ã,]

^ h0. @ABC� CeO2, NiO, ReO2 �� ¢��!3, ZrO2, PrOx,

Y2O3 J La2O3; Ir¦ CeO2R sfF� BC� Êp ¢�Ä�§É

� � °�d J BCd�j «7�Ë� Ì·j 
0^  �¡ h0[6-8].

Cooper �[9]p Rh J Pt-Rh BC� Ce z� Ce-Nij q�FGj [

CO� ÍÎ �L� NOx� �H �L�� ��¨j 7©ª Ên > h

/��, Ce! Ce-Ni̧ 0 ��*y;, Ïª ÐÑ �L�� �>F0^

ÂÒ
 Ó h0.

BC� ^K� b=��  ÃÔ3, ��_ J P�_Õ� �; ��

F� 
tÖ(M2+M2
3+O4)j|dFT3, γ- ÃÔ3� α- ÃÔ3; 7

O�R nyË¥; Ò�*! `aª ×�F� d§! �,]W, Rhp

600oC !7�� �
 �_-]]{ 7ØED(strong metal support in-

teraction)� �U γ- ÃÔ3� Ù Ò�y; ÚÛ�, BC� cd! �

,]� �y;  �¡ h0. BC�� i�dj Ü¸F	 µ
 8°y

; cd���  ÃÔ3%� �)�� Ýdj Þ	 µU P�_� q

�� ßà ´�R 	�F	 µ
 -.:! >á�^ h0. !2
 -.

:� �
 �Ò*+ d~y;�� Ce, Ba, Sr, La, Nd, Y �j : > h

yW[9, 10], ̄ â�� Zr q�% Ce-Zr J Ce-Zr-Y� È)¢��� �


 �II !Ã,]^ h0[11].

ã -.��� ��Õ ^K� äå > h� ��� �	�
 ��D

BCR $ÂF	 µU 	ã @ABC+ PtRh/Al2O3BC� �æ� �


cdÄF Ïd� Ce q�ç«j  �¸^, z
 Ce! q�¦ Òè @

ABC+ PtRh-Ce/Al2O3��  é� ê�_ A� � Mg, Ca, Sr, Ba�

Íêë �_ A� � La, Nd� q�� BC i�d� ÔS� ç«j  

�¸^� FG0.

2. � �

2-1. ����� ��

ã -.��� 	ã @ABC; Pt% Rh� P¨j 5 : 1; F^ Pt%

Rh� �]®!  ÃÔ3R 	èy; 1.4 wt%� �Iì PtRh/Al2O3B

CR ��FG0. BC� ��89p γ- ÃÔ3(Condea SBa-150)� Pt

J Rh Díj �DF� Pt% Rh� P¨j 5 : 1j sÚ�Ë^, �	�

X:^� F� BC� d~.d� ßî  <p P�_j q�
 4, 0

� ball mill�� 12�Õ ~ïF� 90% ðñ òI� 8-10µm+ ó2�

R ��FG0. @ABC�� ¼-P ½j ôõö� �y;  �# Ce

q�� ç«j  �¸	 µF� PtRh/Al2O3 BC� �F� CeO2� 40

wt%� �Iì 
 Òè @ABC+ PtRh-Ce/Al2O3 BCR ��FG0.

z
 Òè @ABC+ PtRh-Ce/Al2O3 BC� i.d J cd÷�R ø

*y;  é� ê�_ A�+ Mg, Ca, Sr, Ba J Íêë �_ A�+

La, Ndj q�F� BCR ��FG0.  é� ê�_ J Íêë �_

A�� rs¦ BC:p PtRh-Ce/Al2O3 BC� �U !: ¢��� d

~! ùù 7 wt%� �Iì FG0. ú PtRh-CeBa/Al2O3 BC� PtRh-

Ce/Al2O3� �U BaO� 7 wt%� �Iì FG0.

!: �lR X:	 µU �.{; H2Pt(OH)6 Dí(Heesung Engelhard

Co.), Rh(NO3)3 Dí(Heesung Engelhard Co.), ceria(CeO2, Engelhard

Co.), magnesium nitrate hexa-hydrate[Mg(NO3)2û6H2O, Yakuri Pure

Chemicals Co., Ltd.], calcium nitrate tetra-hydrate[Ca(NO3)2û4H2O,

Shinyo Pure Chemicals Co., Ltd], strontium nitrate Dí[Sr(NO3)2, Engelhard

Co.], barium acetate Dí[Ba(OAc)2, Engelhard Co.], lanthanum nitrate

Dí[La(NO3)4, Engelhard Co.], neodymium nitrate Dí[Nd(NO3)4,

Engelhard Co.]j �DFG0.

BC �]� 400 cpsi ¿ü,î!ý(2Al2O3û2MgOû5SiO2) �{R

�DFG^, �]� þ�� ó2�� air knifeR �DF� �,i/0.

!4 150oC; 10~ �° L��ÿ 4 500oC� -_;(continuous oven)

�� 2�Õ �° �d��0. ��_ Dí� HI� ICP(Inductively

Coupled Plazma)(Jobin Yvan Co.)R !DF� Ü+FG0. Fresh BC

�l� core drillj �DF� ϕ24�66 mmL� M	; X:/^, aged

BC� !R tube furnace(Linderberg Co.)i� �ò�ÿ 4, ¼	R 100

ml/min; ���� 950oC; 100�Õ �° f]�� ��FG0.

2-2. �	
�

BC cd��p ^�� ��	R �DFG0. ~�	� Horiba�(n)

� model MEXA-8120y;� NDIR 8	� �U CO, CO2R, FID 8

Table 1. Precious metal and base metal loading rate of three way catalysts

Catalyst description Precious metal and promoter

PtRh/Al2O3

PtRh-Ce/Al2O3

1.4 wt% of Pt and Rh, Pt/Rh=5/1
PtRh/Al2O3 + 40 wt% CeO2 

PtRh-CeMg/Al2O3

PtRh-CeCa/Al2O3

PtRh-CeSr/Al2O3

PtRh-CeBa/Al2O3

PtRh-Ce/Al2O3 + 7 wt% MgO
PtRh-Ce/Al2O3 + 7 wt% CaO
PtRh-Ce/Al2O3 + 7 wt% SrO
PtRh-Ce/Al2O3 + 7 wt% BaO

PtRh-CeLa/Al2O3

PtRh-CeNd/Al2O3

PtRh-Ce/Al2O3 + 7 wt% La2O3

PtRh-Ce/Al2O3 + 7 wt% Nd2O3
���� �39� �2� 2001� 4�
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L:
	� �U HCR, CLD 8	� �U NOxR, MPD 8	� �U O2R ~

�· > h� 		R i�F^ h0. !R !DU BC� @A ��¨

� light-off KI(T50%)R 
�sy;� BC� d§j ð�FG0. �

�p ��� £� �
R �DF�, fresh BC:� 950oC; 100�Õ

���ÿ aged BC: µ�� KIR 400oC\] 10oC/min; ���

� light-off KIR 
�FG^, !4 KIR 400oC; f]�Ë�� λ
R 1.03(ÍÎ �L), 1.00(ÐÑ �L), 0.97(�H �L); Ó
�� CO,

HC J NOx� ��¨j 
�FG0. ![ λ� �� J ��	p 0�

�  0[12].

λ� �� =� �
 � �� ¢� �>/-lR -�F�� ��
 ¢�

�>

λ� �� =�� ¼-P/!Ñ ¼-P

[¶, ¼-P(A/F) =-� ¼	� �®/-l� �®]

¼	� -l¸0 �þ(lean)+ ~µ	n [

λ = 1 + d'(4.79 + 0.948n)/(1 + 0.25n)(100− 4.79d'):

¶, d'(>��� ¢�HI) = − {(2/3ûa + 9b)− (1/2ûc + d)}!^,

-l� ¼	¸0 �þ(rich)+ ~µ	n [

λ = 1 + a'(4.79 + 0.948n)/(1 + 0.25n)(200 + 3.79a'):

¶, a'(>� CO HI) = 2{(2/3ûa + 9b)− (1/2ûc + d)}!0.

�	� a� vol% CO, b� vol% HC, c� vol% NOx, d� �� vol% O2

HI!^, ! ���� �D
 HC� �d! C3H6/C3H8 = 4/1!^, n�

p C F3© H� $>!¥; 2.133!0.

��� £� �
:p ��� �	�
% f�
 d~j vIì �2

(ë� �
:j �)F� Table 2%  p �Ly; ��	� ¼`�W

¼-P(λ) �j O��� [�� ¢�% ��®j ��F� � f®j

20 Nl/min; ��	� fò�� VHSVR 40,000 hr−1; f]FG0. !

4 ��	 i}� h� ª�� �U ��¦ 4 BC �j ��F�� �

�j FN �W, ! ���
� >~j �T�ÿ 4 ~�	; fò¦0.

2-3. �� �	 
�

���� �
 BC� PÒ�* O�¨j  �¸	 µU, Table 1�

 ! ÅÆ,  é� ê�_ J Íêë �_ A�R q�F� 500oC��

2�Õ �d
 fresh BC:�, !�:j 0� 950oC�� 100�Õ ��

�ÿ aged BC:� PÒ�*j 
�F	 µU BET �P(Micromeritics:

2200A)R !DFG��, ��� �Ly; 250oC�� 45~Õ ���ÿ

4 N2R ���� 
�FG0.

z
 µ� fresh BC:� ���ÿ aged BC:� �æ¦ 7Q J Ù

¸	 .�R ��¸	 µU SEM(scanning electron spectroscopy)  (JOE

5800)j �DFG��, 15 kV� 7Q�� 3,000�� �¨; ~�j á

FG0.

3. �� 	 
�

3-1. Ce �� ��

Table 3� PtRh/Al2O3 BC% PtRh-Ce/Al2O3 BC� �U @ABC�

cd+ �H �L(λ=0.97), ÐÑ �L(λ=1.00), ÍÎ �L(λ=1.03)��

CO, HC J NOx� @A ��¨� light-off KI(T50%)�  F� 3!i

/0. ! �� �L�� fresh PtRh/Al2O3 BC� cdp C� �>s

j   > h0. ÍÎ �L��� CO, HC ¢�¨�, �H �L���

NOx �A¨p T� 100%!/0. n�*y; "!� Pt% Rh� �]®

p 0.7-2.1 wt%!3, PtRh/Al2O3 BC� ��_ Ðp 1.4 wt%; #~


Ð� cd�! $�F	 [�y; �%#0. Fresh PtRh-Ce/Al2O3 BC

� fresh PtRh/Al2O3 BC� PU �H �L��� CO ¢�¨� ÍÎ

�L��� NOx �A¨! 0� Ê�&0. CO J HC� 50% ���/

j [� KI+ light-off KI(T50%)I PtRh/Al2O3 BC� CO J HC�

ùù 229oC J 235oC+� PU PtRh-Ce/Al2O3 BC� 222oC J

Table 2. Concentration and condition of automotive simulation gas

Gas Concentration Flow rate(Nl/min) Analyzer full range

CO/H2(75/25%) CO: 1.0%, H2: 0.33% 0.24 3%
C3H6/C3H8(2.4/0.6%) C3H6 : 2,400 ppmc1), C3H8 : 600 ppmc 0.6 5,000 ppmc
NO (5%) 300 ppm 0.108 500 ppm
CO2 10% 1.8 16% 
O2 1.6%(λ=1.03)

1.1%(λ=1.00)
0.6%(λ=0.97)

0.288
0.198
0.108

5%

N2 Balance 14.964
15.054
15.144

-

H2O - 2.02) -

 Total 20 Nl/min
 1)1 ppm = 3 ppmc
 2)2.0 Nl/min = 1.61 cc/min

Table 3. Effect of cerium addition to PtRh/Al2O3 catalysts on fresh and aged TWC activity

Catalyst description

Three-way conversion(%)
T50%(oC)

CO HC NOx

λ=0.97 λ=1.00 λ=1.03 λ=0.97 λ=1.00 λ=1.03 λ=0.97 λ=1.00 λ=1.03 CO HC

Fresh PtRh/Al2O3 86 97 100 97 100 99 100 100 26 229 235
PtRh-Ce/Al2O3 90 98 100 97 �00 99 100 100 29 222 234

Aged PtRh/Al2O3 26 51 199 12 ��8 79 1171 180 51 343 357
PtRh-Ce/Al2O3 34 48 165 11 ��2 16 1133 151 48 358 377
HWAHAK KONGHAK Vol. 39, No. 2, April, 2001
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235oC;� ÅÆ! q�¦ BC� CO� �	 ÄK cd! �� º�#

�y; 3!'0. Nunan �[13]p ‘ÅÆ!  ÃÔ3 Ò�� ��_� ~

¢dj «7�Ë^, water gas shift ��(CO + H2O(CO2 + H2)j B

#�� CO¢���! «7�, BC� cdj ÷#�ÿ0’^ FG0.

!k�I Cuif �[14]p ‘ÅÆ! steam reforming ��(HC + H2O(

CO2 + H2)j B#�Ë^, ��_j ¢�7Q; f]�� PtR °���

ËW �A�L�� Pt� Rhp �N �A�, CO, HC J NOxR �T

�Ë� d§! «7¦0’^ FG0.

950oC�� 100 hr�° ���ÿ aged PtRh/Al2O3 BC� cd! 7

©ª ÄF�/0. ��_ � ��j ¼	~µ	� 900oC�� ���Ë

� » 50 nm� ) ò�; �æ�^[3], ;*p 600oC !7��  ÃÔ

3% ��F� aluminum rhodate �)�j |d
0[15]. 12¥; Table 6

�� ̧ � Ó%  ! fresh J aged BC� PÒ�* O�¨p 61%(24.2

(9.5 m2/g);� PÒ�*! ̀ aª ×�FN �^, Fig. 1(a), (e)� SEM

�#� 3!3 h� ��  ! �æ! #á�, ò�� +&	 [�!

0. Fresh BC� PU HC� ��¨ ×�� CO J NOx� ��¨ ×

�¸0 5 ,ùFN n,3� �y; 3!'0. Aged PtRh/Al2O3 BC

� ­� ÍÎ �L(λ=1.03)��� CO ¢�¨p 100%�� 99%;, HC

¢�¨p 99%�� 79%;, �H �L(λ=0.97)��� NOx �A¨p

100%�� 71%; ×�FG0. 123 �H �L(λ=0.97)��� CO ¢

�¨p 86%�� 26%;, HC ¢�¨p 97%�� 2%; C� MN ×�

FG0. 123 ÍÎ �L(λ=1.03)��� NOx �A¨p 26%�� 51%

; ÷�FG��, !� aged BC7�� ���/- CO J HC � n

}� ����� NOx% ��F	 [�+ �y; �%#0.

Aged PtRh-Ce/Al2O3 BCI  p ­«j ¸!^ hyW, ��*y;

CO, HC J NOx� ��¨� ×�� aged PtRh/Al2O3 BC� PU C

� MN 3!'0. Fresh PtRh-Ce/Al2O3 BC� PU, aged BC�� Í

Î �L(λ=1.03)��� CO ¢�¨p 100%�� 65%;, HC ¢�¨p

99%�� 16%;, �H �L(λ=0.97)��� NOx �A¨p 100%��

33%; cd ×� .! C� ) �y; 3!'0. Table 6�� ¸� Ó

%  ! fresh J aged BC� PÒ�* O�¨p PtRh-Ce/Al2O3 BC

� 60%(19.6( 7.8 m2/g);� PtRh/Al2O3 BC% T� P/FG0. 1

23 Fig. 1(b), (f)� SEM �#j ��¸� ÅÆ! q�¦ aged PtRh-

Ce/Al2O3 BC� PtRh/Al2O3 BC¸0 �æ��! 05 #�¦ �j ̧

�ö^ h0. Shyu �[16]p ‘ÅÆ! öµ�  ÃÔ3% >� ~µ	�

�� 600oC !7��3 800oC !7�� CeAlO3 �)�j |d
0’

^ FG0. Gandhi �[17]p ‘ÅÆp cd d~� �{ d~�� ��

j Þ� i�d «7� 	�FW, cd A�+ ��_� ~¢d «7�

I ´�� h0’^ FG0. 123 ÅÆ! 800oC !7��� � °�

d! `aª 31]^ 900oC�� �æ! n,3¥;, �� �
 Pt%

Rh� �æ!3  ÃÔ3% �)� |dj B#�� cdj ×��Ë�

�y; �%#0[9]. Aged PtRh-Ce/Al2O3 BCI ÍÎ �L(λ=1.03)�

�� NOx �A¨p 29%�� 48%; ÷�F� �y; 3!'��, aged

PtRh/Al2O3 BC% 23�]; �H J ÐÑP �L�� ���/-

CO J HC� NOx� �A��� �A�; "�&	 [�y; �%#0.

z
 light-off KI(T50%)I aged PtRh/Al2O3 BC� ­� fresh BC

� PU CO KI� 229oC�� 343oC;, HC KI� 235oC�� 357oC

; 110oC !7 �î BC� light-off d§! C� 31&0. 1�^ aged

PtRh-Ce/Al2O3 BC� CO KI� 222oC�� 358oC;, HC KI� 234oC

�� 377oC; 130oC !7 31&0. 12¥; ÅÆj q�F� ��

�Ë� ÅÆ! ?� ­�¸0 » 20oC�I light-off cdj ×��Ë�

�y; 4 > h0. !� µ�� 56
 Ó%  ! ÅÆ! 0à A�%

�)�j X:	I F^, 950oC�� ��� � �æj B#��	 [

�!0.

3-2. ��� ��� � ��� �� �� �� ��

 é� ê�_ J Íêë �_ A� � n}� @ABC� i.d «

7j ø*y; �D�,]^ hyW, !� �
 -.� �! !Ã,]

^ h0. Table 4�� PtRh-Ce/Al2O3 BC�  é� ê�_ A�+ 2

178, é8, 
ýÑ9, ÓÆ� Íêë �_ A�+ :!;, 7mü<

¢��j ùù 7 wt% q�=j [� @A ��¨� light-off KI(T50%)

� �� æ�R 3!i/0.

PtRh-Ce/Al2O3 BC� 
ýÑ9, ÓÆ z� :!;! sf¦ BC:

p cd� ÄF� C� */��, CO% HC� ÍÎ �L(λ=1.03)��

� ��¨p ��*y; 1-3%�I >?^, NO� �H �L(λ=0.97)�

�� ��¨p T�  p >è!/0. 2178! q�¦ PtRh-CeMg/

Al2O3 BC� �H �L(λ=0.97)��� HC ¢�¨! 90%; !%  p

�L�� PtRh-Ce/Al2O3 BC� HC ¢�¨! 97%+ �� PU 0�

cd� ×�� n,'y3, NOx� �A¨p �nFG0. 123 é8

z� 7mü<! sf¦ BC� cd� ÄF� MN n,'��, CO,

HC J NOx� @A ��¨! £¤ �,&0. !: ��� HC� cd

×�� �� ,FG^, 1 0�! CO, 1�^ NOx� ��G0. Ïª �

Fig. 1. SEM micrographs for fresh and aged(at 950oC for 100 hr) three way catalysts.
(a) fresh PtRh/Al2O3, (b) fresh PtRh-Ce/Al2O3, (c) fresh PtRh-CeMg/Al2O3, (d) fresh PtRh-CeBa/Al2O3, (d) aged PtRh-/Al2O3, (f) aged PtRh-Ce/Al2O3,
(g) aged PtRh-CeMg/Al2O3, (h) aged PtRh-CeBa/Al2O3
���� �39� �2� 2001� 4�



��� ���/��� ��� ��� 
���� ���  !"# 	$ 135
H �L(λ=0.97)��� cd ×�� ÍÎ �L(λ=1.03)��� cd ×

�¸0 @A B0. PtRh-CeCa/Al2O3% PtRh-CeNd/Al2O3 BC� �H

�L(λ=0.97)�� HC ��¨p ùù 76%% 86%; PtRh-Ce/Al2O3 B

C� 97%+� PU C� 21%% 11%3 cd ÄF� n,'��, é8

� ­�� 56 cdj ÄF�Ë� �j   > h0. Ïª PtRh-CeCa/

Al2O3 BC J PtRh-CeNd/Al2O3 BC £¤ CO, HC J NOx� ÍÎ �

L(λ=1.03)��¸0 �H �L(λ=0.97)�� cd ÄF� 5 �! n,

'0. PtRh-Ce/Al2O3 BC�  é� ê�_ J Íêë �_ A�R q

�F� 500oC; 2�Õ �d
 4 cd ��	�� 
�
 @A ��

¨� cd �µR ��F� 0��  0.

Fresh BC� @A ��¨: none, Sr, Ba, La>Mg>>Nd>>Ca

Shinjoh �[18]p 600oC�� 5�Õ �d�ÿ Pd @ABC� HC cd

� �
 A�:� q� ç«� �F� ‘ é� ê�_(Mg, Ca, Sr, Ba)

A�� q��� Pd µ� �� DI� +Ey; +U HC%� �F�

�É! »��¥; BC��! G #á�3,  é��_(Li, Na, K, Cs)

A�� q��� Pd µ� ¢�� �FN ���, HC� ��j 8U

F¥; ��! G ° n,3N �, HC� ¢�� �
 cd��� 0

��  0’^ FG0.

HC cd: Ba>Sr, Ca>Mg>none>Li>Na>K>Cs

µ� HC cd ���  é� ê�_ A�� q�¦ BC:!  é�

�_ A�� q�¦ BC: ¸0 cd! Êp �y; 3!3, 600oC

�� 5�Õ �d
 �L���  é� ê�_ A�:� i�d! �>

F0� �j ¸�ö^ h0. ã H�� ��� Shinjor%�  é� ê

�_ A�:� cd �µ� �{; P/F3 é8� ­�� �!� )

�y; 3!'0. !%  p cd �µ� �!� ã ��� BC ��

KI� 400oC!^ �d KI� 500oC+� �U Shinjor� �� KI�

300oC!  ̂�d KI� 600oC; 0IW, !k�I �� �
 �d J

��_ (ë� �!% P�_ A�(Ce)� q��} �! �; 0I	

[�� ÂÝ¦ �!î^ Ýù¦0.

@A ��¨ ��æ���% Y� PtRh-CeCa/Al2O3 BC� CO J

HC� light-off KI(T50%)� ùù 214oC, 220oC;� �	� ��
 B

C: � �� >� ÄK cd! �>
 �y; 3!'yW, PtRh-CeSr/

Al2O3 BCI C� >p light-off KIR v^h, PtRh-Ce/Al2O3 BC

¸0I ºp d§j 3!i/0. �� PtRh-CeLa/Al2O3 BC� @A �

�¨! º?- ��� Y� CO J HC� light-off KI� ùù 256oC,

269oC; �� Ê?yW, PtRh-Ce/Al2O3 BC� light-off KI� 222oC,

234oC� PU » 35oC� 7J�� �y; 3!'0. !k� 2178,

ÓÆ, 7mü<! sf¦ PtRh-CeMg/Al2O3, PtRh-CeBa/Al2O3, PtRh-

CeNd/Al2O3 BC:� light-off KI� PtRh-Ce/Al2O3 BC¸0I 15-

20oC �î�� �y; 3!'0. 12¥; fresh BC�� é8! q�

¦ BC� light-off d§j Ê!]X @A ��¨� ÄFR ×>UV �

3, 
ýÑ9! q�¦ BC� ! ¤ �] d§j £¤ X��Ë� A

��j   > h0. !: A�:� q�� ßà light-off d§ �µ� 0

��  0.

Fresh BC� light-off d§: Ca, Sr>none>Mg, Ba, Nd>>La

3-3. ��� ��� � ��� �� ��� ��	 � 

K�� 56
  é� ê�_ J Íêë �_ A�R rs
 fresh B

C:� �U 950oC; 100�Õ �° ���ÿ 4 Table 5� 3!L Ó

%  ! @A ��¨ J light-off KI(T50%) ��j áFG0. ! æ�

��4 BC:� @A ��¨j Table 4� fresh BC:� ��æ�%

PMF� CO� PU HC J NOx� cd! MN ×�F� ­«j ¸G

yW, light-off KI(T50%) d§I C� 31# �y; 3!'0. 123

PtRh-Ce/Al2O3 BC� PU  é� ê�_ J Íêë �_ A�� q

�¦ BC:! PtRh-CeMg/Al2O3 BCR �kF^� �{; ��� �


 cd ÄF� >p �y; 3!Ny;� !: A�:! i�d «7

Table 4. Effect of alkaline earth metal(Mg, Ca, Sr, Ba) and rare earth metal(La, Nd) addition to PtRh-Ce/Al2O3 catalysts on fresh TWC activity

Catalyst description
(fresh catalysts)

Three-way conversion (%)
T50%(oC)

CO HC NOx

λ=0.97 λ=1.00 λ=1.03 λ=0.97 λ=1.00 λ=1.03 λ=0.97 λ=1.00 λ=1.03 CO HC

PtRh-Ce/Al2O3 90 98 100 97 1001 99 100 100 29 222 234

PtRh-CeMg/Al2O3 88 97 199 90 99 96 100 100 31 238 253
PtRh-CeCa/Al2O3 75 86 191 76 83 83 190 189 25 214 220
PtRh-CeSr/Al2O3 88 97 100 95 99 98 100 100 30 217 229
PtRh-CeBa/Al2O3 88 98 199 94 99 96 100 100 15 243 249

PtRh-CeLa/Al2O3 88 97 100 96 99 98 100 100 31 256 269
PtRh-CeNd/Al2O3 83 93 197 86 91 92 196 196 32 242 253

Table 5. Effect of alkaline earth and rare earth addition to PtRh-Ce/Al2O3 catalysts on aged TWC activity

Catalyst description
(aged catalysts)

Three-way conversion (%)
T50%(oC)

CO HC NOx

λ=0.97 λ=1.00 λ=1.03 λ=0.97 λ=1.00 λ=1.03 λ =0.97 λ=1.00 λ=1.03 CO HC

PtRh-Ce/Al2O3 34 48 65 1 02 16 33 51 48 358 377

PtRh-CeMg/Al2O3 22 29 35 0 01 01 09 10 11 >400> >400>
PtRh-CeCa/Al2O3 23 50 97 3 23 74 31 55 42 359 377
PtRh-CeSr/Al2O3 75 85 98 3 29 79 49 65 36 348 366
PtRh-CeBa/Al2O3 83 97 1000 8 86 81 82 99 38 335 347

PtRh-CeLa/Al2O3 68 83 98 2 23 82 43 53 24 335 350
PtRh-CeNd/Al2O3 76 91 99 140 56 81 51 72 27 329 352
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�����
��
� 	�F^ h0� �j ¸�ö^ h0.

PtRh-Ce/Al2O3 BC� 
ýÑ9, ÓÆ, :!; z� 7mü<j q�

�� �� ��
 4� aged BC:p aged PtRh-Ce/Al2O3 BC¸0

cd ÄF� C� *p �y; 3!'0. Aged PtRh-CeSr/Al2O3, PtRh-

CeBa/Al2O3, PtRh-CeLa/Al2O3, PtRh-CeNd/Al2O3BC:p aged PtRh-

Ce/Al2O3 BC� PU �{ çÌ�L��� CO ¢�É�, ÍÎ �L

(λ=1.03) J ÐÑ �L(λ=1.00)��� HC ¢�É, 1�^ �H �L(λ
=0.97) J ÐÑ �L(λ=1.00)��� NOx �AÉ�� cd! �! «7

�/y3, �H �L(λ=0.97)��� HC ¢�% ÍÎ �L(λ=1.03)��

� NOx� �A�� T� cdj ¸!] OFG0. ÍÎ �L(λ=1.03)

��� CO� ��¨p 98% !7y; fresh BC� ��¨� P/FG

^, HC� ��¨p 79% !7y; fresh BC¸0 »Õ ��¨� ×�R

¸G0. ! >S� aged PtRh-Ce/Al2O3 BC� ÍÎ �L(λ=1.03)��

CO� 65%, HC� 16%� ��¨j ¸+ �� PF� C� Êp cd

j 3!i^ h0. �H �L(λ=0.97)��� NOx� ��¨p 43-82%

; aged PtRh-CeBa/Al2O3R �kF^� fresh BC� PU ��¨� Ä

F� B0. 1P�I �.F^ aged PtRh-Ce/Al2O3 BC� ��¨! 33%

+ �� PU�� Êp Q!/0. HC3 NOx� PU CO� ��¨! º

p !f� Sr, Ba, La, Nd A�:! @A BC� ö d~+ Pt, Rh� Å

Æ! �; �æF� �j Þ� ÅÆ! water gas shift ��j B#��

	 [�y; �%#0. �	� ��
 BC: ��� aged PtRh-CeBa/

Al 2O3 BC� 0à aged BC: ¸0 £R çÌ�� cd! �>FG�

�, Ïª ÐÑ �L(λ=1.00)�� CO, HC J NOx� ��¨�� ¹�s

j ¸�ö^ h0. Ichikawa �[19]p ‘Bap ��_! C��] SN U

ö^  ÃÔ3� �æj Þ�ö� fD
 ��!W, lean NOx BC�

P NOx �>��; �D�, NOx ��¨! Ê�#0’î^ FG0. 1�

^ aged PtRh-CeNd/Al2O3 BC� aged PtRh-CeSr/Al2O3 BC¸0, aged

PtRh-CeSr/Al2O3 BC� aged PtRh-CeLa/Al2O3 BC¸0 �H �L

(λ=0.97) J ÐÑ �L(λ=1.00)�� @A ��¨! »Õ �>FG0. 12

3 ÍÎ �L(λ=1.03)��� CO J HC� ¢�É! T�  N 3!'0.

12¥; 
ýÑ9, ÓÆ, :!; J 7mü<p ��, ;*, ÅÆ J  

ÃÔ3 Õ� �æj Þ�ö� Ì·j F^ h�j ¸�ö  ̂h0. La2O3

� >÷	� ~T! Êp �L��  ÃÔ3� � °�dj «7�Ë�

´�� h0  ̂ �¡ h0. Nunan �[13]p ‘Pt, Rh/CeO2� La, Y J Nd

j doping
 BCR ��
 4� cd! ,ùFN ×�
0’^ FGy3

! ����� La% Ndp ,U �I ´�� h� �y; 3!'0.

PtRh-Ce/Al2O3 BC� é8j q�F� ���ÿ ­�� ÍÎ �L

(λ=1.03)��� CO J HC� ¢�É ÷#�� �p IVj ö/y3

1 !k� çÌ �L��� T� IVj ö] OFG0. !� é8p �

æ 8] ´�� 1� M] S0� �j 3!W0. 1�^ 2178! q

�¦ aged PtRh-CeMg/Al2O3 BC� �{ çÌ �L� XY CO, HC

J NOx� ��! T� !Ã,]] S?0. Table 6�� ¸� Ó%  !

fresh J aged PtRh-Ce/Al2O3 BC� PÒ�* O�¨p 60%(19.6(

7.8 m2/g)!/y3,  é� ê�_ A�� q�¦ BC � PtRh-CeBa/

Al2O3 BC� PÒ�* O�¨p 31%(23.4(16.2 m2/g); �� >?y

W PtRh-CeSr/Al2O3 BCI 33%(26.7(17.9 m2/g); C� >?0. 123

PtRh-CeMg/Al2O3 BC J PtRh-CeCa/Al2O3 BC� PÒ�* O�¨

p ùù 73%(24.5(6.7 m2/g), 43%(24.5(13.9 m2/g); Ò�*� ×�

� C� B0.  é� ê�_ A�:(Mg, Ca, Sr, Ba)! q�¦ aged B

C:p A� �­! E��>ì cdÄF� +]^ h��, Table 6�

�   > hZ! Ò�*� O�¨! [>ì BC cd� ×�� +]^

�æ! ,FN n,L �� nSF^ h0. Fig. 1� (c), (g)� PtRh-

CeMg/Al2O3 BC�, Fig. 1� (d), (h)� PtRh-CeBa/Al2O3 BC� fresh

J aged BC� SEM �#!0. �	�I 2178! sf¦ BC� �

æ! �! #á¦ �y; 3!'^, ÓÆ! sf¦ BC� ��_, ÅÆ

J alumnaÕ� �æj 8UF� ~� æ� |QR f]F� �y; 3

!'0. Íêë �_ A�� PÒ�* O�¨p PtRh-CeLa/Al2O3 BC�

61%(28.2(10.9 m2/g)! ,̂ PtRh-CeNd/Al2O3BC� 60%(27.7(11.2 m2/

g); PtRh-Ce/Al2O3 BC� PÒ�* O�¨� T� P/· �I; C�

B]X, ¤ BC� cd×�� Table 5�� ¸� Ó%  ! *p �y;

3!'0. !� �	� �D¦ :!;� 7mü<! ��_:�  ÃÔ3

Õ� �æ ��! ,U �I #á�/��I �.F  ̂cdj f]F^

h0^ �%#0. µ� iDj ��F� PtRh-Ce/Al2O3 BC�  é� ê

�_ J Íêë �_ A�R q�F� 950oC; 100�Õ �° ���ÿ

4� 
�
 @A ��¨� �
 �µ� 0��  ! 3!'0.

Aged BC� @A ��¨: Ba>>Nd>Sr>La>>Ca>none>>Mg

! cd�µ� K \�� ]`
 Shinjoh �[18]�  é� ê�_� �


HC ¢� cd �µ% 0�� �!� h]X T�  p ­«j ¸�ö

^ h0. ú Ba! �� �>F  ̂1 0� ��;� Sr, Ca!W Mg! �

� 3^0. Nunan �[13]p ‘��_� Ò�� ÅÆ! ��� synergistic

�A! n,Ny;� cd! Ê�]W, Íêë �_ A�� CeO2� a

�� $�FN �� ��_! CeO2 a�; !�FT3 z� C�_y;

� ��_� Ò� ÅÆ� �Aj 5üN F� cd� ×�� n,33,

Ba! q��� Êp cd! f]¦0’^ FG0. 1�^ ‘Íêë �_ A

�� Ì·p ��_� CeO2%� ���� - ! hy3, ��_� γ-
Al2O3%� ���� C F^, Íêë �_ A�� q�� Êp �>�

alumna phaseR |dF� �{R °���ËW, Lap CeO2 a�R ¬�

¢�Ä�§Éj ÷#�ÿ0.  é� ê�_ A�� q�� γ-Al2O3R °

���Ë�� Ba! �� �! �D¦0’^ FG0.

Aged BC:� light-off KI(T50%)� fresh BC:� PU ¯�


100oC !7 7J�/0. ! � PtRh-CeMg/Al2O3 BC� light-off d§

p, Table 4 J 5�� ̧ � Ó%  !, CO J HC� ùù 238oC, 253oC

�� £¤ 400oC !7y; �� �! `��/��, !� Mg! �æ

j B#�� @A cd! T� 0 ?,# �� nS
0. Fresh PtRh-

CeCa/Al2O3 BC� light-off KI� �	�� ��
 BC: � ��

>?/�� 950oC; ��
 æ� PtRh-CeMg/Al2O3 BC 0�y; 3

1&0. 12¥; é8I BC cd d~+ ��_� �æ� �! 	�

F^ h0^ �%#0. Aged PtRh-CeBa/Al2O3, PtRh-CeLa/Al2O3 J

PtRh-CeNd/Al2O3 BC:p aged PtRh-Ce/Al2O3 BC� PU light-off

d§! CO� » 23oC !7, 1�^ HC� » 25oC!7 «7a0. 1

2¥; aged BC: ��� ÓÆ! q�¦ BC� @A ��¨bX �

cî light-off d§��I C� �>
 BC; �6�/0. 123 aged

PtRh-CeSr/Al2O3 BC� :!;, 7mü<! sf¦ aged BC% @A

��¨p P/=/y3 light-off d§p CO, HC £¤ 10oC !7 31

&0. Fresh BC:��� light-off d§p :!;j sf
 BC� �

� ��=^ 
ýÑ9! q�¦ BC� C� �>FG��, aged BC

Table 6. BET surface area of fresh and aged three-way catalysts 

Catalyst description
BET surface area(m2/g)

Fresh(500oC×2 h)  Aged(950oC×100 h)

PtRh/Al2O3

PtRh-Ce/Al2O3

24.2
19.6

19.5(61%)
17.8(60%)

PtRh-CeMg/Al2O3

PtRh-CeCa/Al2O3

PtRh-CeSr/Al2O3

PtRh-CeBa/Al2O3

24.5
24.5
26.7
23.4

16.7(73%)
13.9(43%)
17.9(33%)
16.2(31%)

PtRh-CeLa/Al2O3

PtRh-CeNd/Al2O3

28.2
27.7

10.9(61%)
11.2(60%)
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to-

 of

V,

K.,

e

��� !��� ��; :!; J 7mü<j sf
 BC� mª�

º�&0. 
ýÑ9p ^K� b=¦ 4 ÄK cd! `aª 31# �

j   > h0. !: A�:� q�� ßà light-off d§ �µ� 0�

�  0.

Aged BC� light-off d§: Ba, La, Nd>Sr>Ca, none>>Mg

4. � �

��� £� �	�
R �D
 ���� PtRh/Al2O3 BC� ÅÆj

q�
 PtRh-Ce/Al2O3 BC� CO� @A ��¨� light-off KI d§

! 0� «7�/0. 123 ÅÆ! q�¦ BCR 950oC; 100�Õ

����j ­� PtRh/Al2O3 BC� PU cd� ×�� ,FN n,

'0. !� ÅÆ! ��_ J  ÃÔ3%� �� �y; �æj B#�

�	 [�!0.

PtRh-Ce/Al2O3 BC�  é� ê�_(Mg, Ca, Sr, Ba) J Íêë �_

(La, Nd) A�R q��� 500oC; �d�ÿ fresh BC:� cdj P

M
 æ� 
ýÑ9, ÓÆ, :!;! sf¦ BC� »Õ� @A ��¨

� ÄFX h/y3, é8p �� �! ��¨� ×�� h/^ 1 0

�y; 7mü<, 2178� ��; ×�� h/0. 123 light-off d

§p é8� 
ýÑ9! C� �>
 �y; 3!'0. ! �� æ�R

��F� 0��  0.

Fresh BC� @A ��¨: none>Sr, Ba, La>Mg>Nd>Ca

Fresh BC� light-off d§: Ca, Sr>none>Mg, Ba, Nd>>La

PtRh-Ce/Al2O3 BC�  é� ê�_ J Íêë �_ A�R q��

� 950oC; ���ÿ aged BC:� cdj PM
 æ� ÓÆ! sf

¦ BC� �� �>FG^, 7mü<, 
ýÑ9 J :!;� ��; i

�d� �
 ´�� h/0. !: A� � 
ýÑ9p light-off KI�

Ê� ÄK cd� »
 �j ¸�ö^ h0. 123 é8j q�
 ­

� i�dj MN ÷#�Ë]� OFG^, 2178� q�� mª�

cdj �,d� i�d� �õ 	�R OF� �y; 3!'0. 12

¥; ÓÆ, 7mü<, 
ýÑ9 J :!;! q��� fresh BC� d

§p »Õ ×��]X, ^K� �
 b=�I cd� ×�� *, i.

d� ´�� h/0. 1 æ� !: A�:! ÅÆ�  ÃÔ3 J Pt, Rh

�� �æj 8Usy;� ��_� ~¢dj ºN F^ water gas shift

��j B#�ËN ¦0. !e æ�; aged PtRh-Ce/Al2O3 BC� HC

J NOx� cd� PU CO� cd! MN «7�/0. !f �
 ��

æ� �g%  p ��; i�d� ´�� h� �y; 3!'0.

Aged BC� @A ��¨: Ba>>Nd>Sr>La>>Ca>none>>Mg

Aged BC� light-off d§: Ba, La, Nd>Sr>Ca, none>>Mg
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