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Abstract    In this paper we work on prototype survey of using iron and manganese compounds in production of catalyst 
converter with nano particles for ROA dual fuel system instead of a lot of cerium in (La,Ce)(Pd,Co)O3-Perovskite catalysts 
and its comparison with imported catalyst of Iran Khodro with noble metals. (La,Ce)(Pd,Co)O3 Perovskite catalyst was 
prepared by the citrate route without use of Pt and Rh. We used just Pd (1.2 g) and it was deposited on ceramic monoliths 
according to a dip coating procedure. We used catalyst on RD car with XU7 motors model and measured the amount of 
emission with (AVL) test at Sapco Company and compared the catalyst with imported catalysts of Iran Khodro Company 
with noble metals such as Pd, Pt and Rh by Iran Khodro Company with Euro III standards. In conclusion Perovskite 
catalysts reduce emission better than imported catalysts, with lower emission and price. Monolite of catalysts were 
characterized by specific surface area measurements (BET) and X-ray diffraction (XRD) and X-ray fluorescence (XRF), 
and coat characterized by scanning electron microscopy (SEM). Finally the illustration shows Nano Particles size on coat. 
 

Keywords    Perovskite, Catalyst Converter, Ceramic Monolith, Dual Fuel System for Automobiles, Air Pollution.
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ŶƴƃŚŝ�ƾŤƀǀƫŚţŚƧ��ŵŚƸƴƄǀě�ƝřŶƷř�Ʋƿř�ƽŚŤſřŹŹŵİƿŚƷ�ƵŶƃ�ŭźƐƯ�
�Ţſřƶŝ�ŚƸƳō�Żř�ƶƳƺưƳ�Ŷƴģ�ƶƧ��Źřźƣ�ƾſŹźŝ�ƶƇǈų�šŹƺƇŵƺƃ���

ŵŚƸƴƄǀě�ƶƬưūŻř��������įŚƷŭźƐƯ��ƶƟźƇ�ƁƹŹ�ƵŶƃ�Ţſř�ƾƿƺū��
ƶƟźƇ�ƶŝ�ƾƿƺū�ŸĭŹŚŝ�ŹřŶƤƯ�ƂƷŚƧ�ƾƴƘƯŢſŚƸŞƳřźĭ�šřżƬƟ�ƽŹř��
ƶƟźƇ�ƾƯ� ƾƿƺū�� ƢƿźƏŻř� ŶƳřƺţƶƴǀƸŝ��ƩźŤƴƧ� ƽĦţřźŤſř� ƱŵźƧ

Ƭǀſƹ�ŢųƺſŠ�Śŝ� Żƹżĭř�ƽŚƯŵ� ƹ� Żƹżĭř� ƱŚƿźū�ŢƗźſ� �ƶǀƬƤƳ�
�ƞƬŤŴƯ� ƾŤƀǀƫŚţŚƧ�ƽŚƷźŤƯřŹŚěźǀƔƳ��ƾŤƀǀƫŚţŚƧ� ƩŶŞƯ�ŢǀƘƣƺƯ� �

��ƶƿŚě�ƾůřźƏİƫŚĮģźǀųŷ�ŢǀƬŝŚƣ��ƩƺƬſ�ş�ƾĭŶƴƧřźě�ƹ�ƱĦǀƀƧř�
ƺƃ�ƪƇŚů�ŚƸŞƳřźĭ�šřżƬƟŵ��ƶƟźƇ�źĮƿŵ�ƁƹŹ��ƕƺƳ�Źŵ�ŵƺŞƸŝ��ƾƿƺū

ƶƏƺƛ� ƱƺǀſǇƺƯźƟ� Źŵ� ƵŵŚƠŤſřŵŹƺƯ� ŵřƺƯ�Ţſř�įŹƹ� �ŝƶ�ƽŹƺƏ�ƶƧ�



ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÎÒÒ�
��

 

�ƶƿŚě� ŮƐſ� ƶŝ� ŶƴƳřƺŤŝ� źŤƸŝ� šŚŞǀƧźţ� źĮƿŵ� ƹ� ŚƸŞƳřźĭ� šřżƬƟ
�ŶƴŞƀĤŝ@ê>��
ƵřŹ�����������Ʋǀƫƹř�ƽřźŝ� řŶƳƺƷ�ŢƧźƃ�ƶƧ�ƽźĮƿŵ�ƽŵŚƸƴƄǀě�ƪů

� ŭźƐƯ� ŹŚŝŵźĩƵŵŚƠŤſř� ��� ƾƏƺƬŴƯ� Żř� Żřĭ� šřżƬƟ�ƹ� ŚƸŞƳřź
ŢƀǀƫŚţŚĩ�ŶƴƳŚƯ�źĮƿŵ�šřżƬƟ�ƽŚƷŶǀƀƧř��ƾŤƿŚĪſƹźě�ƽŚƷŢſř��

ƍƺƬŴƯ�šřżƬƟ� ŶǀƀƧř��šřżƬƟ� ƪŨƯ� ƱřŻŹř� źƇŚƴƗ� Żř�ŜƬƛř� �ƵŶƃ
�Ţſř�ƵŶƃ�śŚŴŤƳř�ŚƷŶǀƳŚŤƳǇ�ƹ�ƶƐſřƹ@ë>���Żř�żǀƳ�Ƶĥƹźě�Ʋƿř�Źŵ

�ƵŵŚƠŤſř�ŢƿŚĪſƹźě�šŚŞǀĩźţƵŶƃŢſř�� 

ƵŵŚƠŤſř���������ƶŝ� ŢƿŚĪſƹźě� ƽŚƷŶǀƀĩř� Żř�ĩ� ƱřƺƴƗ�ŢƀǀƫŚţŚ�řŹ
�řŶŤŝřMeadowcroft�ƩŚſ�Źŵ�ÎÖÔÍ�ƾƿŚǀưǀƃƹźŤĪƫř�ƽŚǀůř�ƽřźŝ�

�ƁŹřżĭ�ƱĦǀƀĩřŵźĩ���ƁŹřżĭ�ƭŚĮƴƷ�ŻřVoorhoeveƹ���ƂƳřŹŚĪưƷ
ŢǀƫŚƘƟ� ŵŹƺƯŹŵ�ŢƀǀƫŚţŚĩ� ƽǇŚŝ� ƽŚƷ�ƽŚƷLn1-xPbxMnO3�ƹ�

(Ln=La,Pr,Nd)LnCoO3�� ƱƺǀſřŶǀƀĩř� ŹŵCOƫŚƤƯ� �ƶ��įŚƷ
įŵŚƿŻƍŚŞţŹřŹŵ��ŤƀǀƫŚţŚĩ� ƱƺǀſřŶǀƀĩř� Śŝ�ƕƺƳ� ƽŚƷŶǀƀĩř� Śŝ� ƾ

Ţſř� ƵŶƃ� źƄŤƴƯ�ŢƿŚĪſƹźě� �ƶŝ�ŢƿŚĪſƹźě�ƽŚƷŶǀƀĩř��ƱřƺƴƗ
Ƃƴĩřƹ�Żř�ƽŹŚǀƀŝ�Źŵ�ŢƀǀƫŚţŚĩ�ƾƯ�Ţĩźƃ�ŚƷ�ŶƴƴĩƶƬưū�Żř���@ì�î>��

�

 ƩŵŚƘţ�ŚƷƱĦǀƀĩř�ƩŵŚŞţ�ƹ�� 

 �ŌŚǀůřNOƹ��SO2� 

 ƿżŬţŠ�H2O2�ƹ�NO2� 

 � ƪƯŚĩ� ƱƺǀſřŶǀƀĩřCOƲŝźĩƹŹŶǀƷ� ���šŚŞǀĩźţ� ƹ� ŚƷ
ƱĦǀƀĩř�Źřŵ� 

 �ƱƺǀſřŶǀƀĩřH2ƹ��NH3� 

�
Arai        �ƽƹŹ� řŹ�ƱŚŤƯ�ơřźŤůř�ƂƳřŹŚĪưƷ�ƹ�LaBO3ƹ��
La1-xSrxBO3��B ƶƐſřƹ� żƬƟ�� ��ƶĩ� ŶƴŤƟŚƿŹŵ� ƹ� ŶƳŵźĩ� ƾſŹźŝ
ŢƿŚĪſƹźě��ƮǀƀƳřźŤſř� ƾŗżū� ƾƴǀƄƳŚū� Śŝ� żƴĮƴƯ� ƹ�ŢƫŚŞĩ� ƽŚƷ

�ŢƀǀƫŚţŚĩ�ŶůŹŵ�ƾƿǇŚŝ�ŢǀƫŚƘƟPt/Al2O3�řŹ�Ŝǀţźţ�Ʋƿř�ƹ�ŶƳŹřŵ�
�ŶƳŵřŵ�ƶŗřŹř�ŢǀƫŚƘƟ�ƂƿřżƟř�ƽřźŝ@æå�>�

�
Co>Fe>Mn>Ni 

� ƾŗżū� ƾƴǀƄƳŚū� �ŵŹřƺƯ� ƾųźŝ� Źŵ��������B�ŢǀƫŚƘƟ� żǀƳ�
ƾƯ�ƂƿřżƟř�řŹ�ƱŚŤƯ�ƱƺǀſřŶǀƀƧř�ŶƷŵ��ƶŝ�ŹƺƏ�ƽźſ�ŵŹƺƯŹŵ�ƩŚŨƯ�

� ŢƿŚƨſƹźě(M=Al, Mn, Co) LaFe1-xMxO3�ƕƺƳ� ŵƺūƹ� �
� ƱƺǀţŚƧB�Ţſř� ƵŶƃ� ƱƺǀſřŶǀƀƧř� źŤƸŝ� ŵźƨƬưƗ�ŦƗŚŝ� �@ææ>��

� ƽƹŹ� ƶƘƫŚƐƯ� ƾƟźƏŻřLaFe0.7Co0.38Pd0.05O3��ƶƧ� �ŵřŵ� ƱŚƄƳ
ƶŝ�ƮƿŵǇŚě�ƾƯ�ŵŹřƹ�ŢƿŚƨſƹźě�ƶƨŞƃ�Źŵ�ŶƯŚū�ƩƺƬŰƯ�šŹƺƇ�ŵƺƃ��
Śǀůř�ŻřŶƘŝ�ƶŝ��ƱŶƃ�Źŵ�ƽżƬƟ�ŢƫŚůİƯ�Ŷƿōƶŝ�ƹ���żƿŹ�šřŹŷ�šŹƺƇ

� ƂŴě� ŮƐſ� ƽƹŹİƯ�ŵƺƃŶǀƀƧř� ŻřŶƘŝ� ƹ���Źŵ� ƵŹŚŝƹŵ� �ƱŶƃ
ƾƯ�ŵŹřƹ�ŢƿŚƨſƹźě�ŹŚŤųŚſ�ŵƺƃ�@æç>��
� żǀƳ� źǀųř�šŚƘƫŚƐƯ��������ƱŚƄƳ�ŶƴƷŵşŝŹŚĩ��ŢƀǀƫŚţŚĩ� ƱřƹřźƟ� ŵź

LaCoxFe1−xO3�ƹŹŵƺų� Źŵ��ƱŚŤƯ� ƾƘǀŞƏ� ŻŚĭ� Śŝ� ŻƺſŻŚĭ� ƽŚƷ
Ţſř�@æè�æê>� �Ʊřźĭ� żƬƟ� ƾưĩ� ŵƹŹƹ� ƲǀƴĤƷ�� ŢưǀƣPd�ƶŝ�

� ŢƿŚĪſƹźě� ŹŚŤųŚſLaCoxFe1−xO3��šřŹŷ� ƱŶƃźŤƴƿŻ� ƖƳŚƯ
�źŤƸŝ�ƱƺǀſřŶǀƀĩř�ƲǀƴĤưƷ�ƹ�źĮƿŶĪƿ�ƶŝ�ƾŤƀǀƫŚţŚĩ�ƂƃƺěCO�

�ƹHCƾƯ��ƺƃŵ���ƲǀƴĤưƷPdŢŞƀƳ���šřżƬƟ�ƶŝ�ƽŚƸŞƳřźĭPt�ƹ�Rh��
ƱřŻŹř�ƱƹźƤƯ�ƹ�źţ�ƶŝ�ƶƟźƇ��źţ�Ţſř@æë�æí>���
��������ƱƺƴĩřŢƀǀƫŚţŚĩ���ƽŚƷŹŵ�ŵƺūƺƯƹŹŵƺų�ƽřźŝ�ŚƸƴţ�ŹƺƄĩ��ƽŚƷ�
Ʋƿżƴŝ��ŻƺſŢſř�ƱŚưƷ�ƹ��żǀƳ�ŚƷƹŹŵƺų�ƽřźŝ�ŝ�Żƺſ�ŻŚĭ�ƽŚƷƶ��ŹŚĩ
ƾƯ�ŶƳƹŹ� �Śŝ�ƶūƺţ�ŢſŚǀſ� ƶŝ�ƽŹřŸĭ��Ŷǀƫƺţ� ƹ� ŹƺƄĩ� źǀųř� ƽŚƷ

ƹŹŵƺų�ƶƳŚĭƹŵ�ƽŚƷ��ƹ�ŻƺſŚŝ�ƶūƺţ�ŢƀǀƫŚţŚĩ�Ʊŵƺŝ�Ʊřźĭ�ƶŝ��ƽŚƷ
ƶƳŚĭƹŵ�ƽŚƷƹŹŵƺų��ƵŶƃ�ƾƘſ�Ƶĥƹźě�Ʋƿř�Źŵ��ƾţřŵŹřƹ�Żƺſ��Ţſř

ŝŚƶƿŚƯźſ� ƹ� šŚƳŚĪƯř��ƹŹŵƺų� Ţĩźƃ� ƲƿźŤĭŹżŝ� ƽŹřŸĭ�ƽŻŚſ�
�ƽŚƷƹŹŵƺų� ƽřźŝ� ŜſŚƴƯ� ƾŤƀǀƫŚţŚĩ� ŢųŚſ� ƂƳřŵ� �ƾƬųřŵ

ƶƳŚĭƹŵ�ƶŝ�Żƺſ�Ŷƿō�Ţſŵ���Ɓǈţ�ƲǀƴĤưƷŶƃ�ŚƸŞƳřźĭ�šřżƬƟ�Żř�Śţ�
Śŝ�ƹ�ƶŤſŚĩ�ƵŵŚƠŤſřƱřŻŹř�ƾŤƀǀƫŚţŚĩ��ŢƿŚĪſƹźě�šŚŞǀĩźţ�Żř���ƹ�źţ

ŵƺƃ�ƶǀƸţ�źŤưĩ�ƾĭŶƴƿǇō�ŶƇŹŵ�Śŝ�ŜſŚƴƯ��
�
�

ç��ƁƹŹ�ƂƿŚƯŻō��
�

��������řŶŤŝř�ƳƺưƳ�Š�� ŢǀƫƺƳƺƯ�ŢƀǀƫŚţŚĩ� ƶƿŚě� �� ƾţřŵŹřƹįřźŝ�



ÎÒÓ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
��

 

ƂƿŚƯŻō�ƽźſ�Ĩƿ�ƭŚŬƳř�įŚƷ�ƽŹřŵźŝźƿƺƈţ��ƪƯŚƃ�ƭŻǇ�SEM�
įřźŝƪĪƃ� ƾſŹźŝ��ŻřŶƳř� ƹ� ƖƿŻƺţ�şƪŴƬŴţ��ƹ� ŚƷ�ƲǀƴĤưƷ�

ƂƿŚƯŻō��ƽŚƷ BETƵŻřŶƳř� ƽřźŝ�ƵĦƿƹ� ŮƐſ�ƽźǀĭ��XRF�įřźŝ�
�ƾſŹźŝźƇŚƴƗ�ƹ�ŵƺūƺƯ�XRD�Ŷƃ�ƵŵŚŤſźƟ�ŚƷŻŚƟ�ƾſŹźŝ�ƽřźŝ��
�žĜſįřźŝƂƃƺě�ƹ�ƽŹƹżǀƫŚţŚĩ�ƩŶŞƯ�ŢųŚſ���ƽƹŹźŝ�Ʊō�ƾƷŵ

ƿŚěŠƯ�ƺŚŝ� �ƾŤǀƫƺƳ�ƶūƺţ�ƱřŻŹř� ŢſŚǀſ� ƶŝ�� ƽŻŚſįřźŝ�Śƿ� ƝŸů�
� ŚƸŞƳřźĭ� šřżƬƟ�ƂƷŚĩźǀƔƳƮƿŵǇŚě�ƹ�ǀţǈě�ƮƿŵƹŹ� ƹ� Ʋ��įřźŝ�

�ŢųŚſƾŤƀǀƫŚţŚĩ�ƩŶŞƯƵŵŚƠŤſř�ƱƹŶŝ���Ʋǀţǈě�ƽŚƸŞƳřźĭ�šřżƬƟ�Żř
� ƮƿŵƹŹ� ƹŶƃ� ƭřŶƣř��żǀƫŚƳōƳƺưƳ�ŢųŚſ�Š�ÎƾŤƀǀƫŚţŚĩ�� ŵřƺƯ�Źŵ�

ƵŹŚưƃ�ƩƹŶūÎō�ƯƵŶŢſř���
žě���������řŶū�ƹ�ƲƿŻƺţ�Żř�ƶŝ� �źƔƳŵŹƺƯ�ƽŚƷŹŵƺě�ƽŻŚſ��Ŝǀţźţ

ƶŝ�ƾĪǀŤſǈě� źƄŝ�Ĩƿ� Źŵ�� ƵřźưƷccÎÒÍśō��ƶŤŴƿŹ�źƐƤƯ�Źŵ� ƹ�
� źƿŻ� İĪƿźŤĪƫř� ƱżưƷ� Źƹŵ� ŚŝÑÍÍƶŝ� ƶƤǀƣŵ� Źŵ� Źƹŵ���ƶſ�šŶƯ

ƶŝ�ŵřƺƯ�Śţ��Ŷƃ�Ƶŵřŵ�Źřźƣ�ŢƗŚſ��ƱƺǀƀƳŚĜſƺſ�ƹ�ƵŶƃ�ƪů�ƾŝƺų
ŵƺƃ� ƶǀƸţ� İŤųřƺƴĪƿ� �� ƱřżǀƯ� ƶŝ� ƲǀƴĤưƷÎÍ� ��ŵřƺƯ� ƾƳŻƹ

�ƱŚƴǀưƏř� źĮƿŶĪƿ� Śŝ� ŵřƺƯ�Ƃƴĩřƹ� Żř� Śţ� Ŷƃ� ƶƟŚƋř�ĨƿźŤǀſŶǀſř
ŵƺƃ�ƪƇŚů��ƮƷ�šŶƯŹŵ��ŵřƺƯ�ƱŵŻPH ř�ƩƺƬŰƯ�ƵŻřŶƳ��ƹ��ƽźǀĭ

� ƶŝ� ƱŶǀſŹ� įřźŝPHŝ� ơƺƟ� ƩƺƬŰƯ� ƶŝ� �ŜſŚƴƯ�Ś� ŢĜǀě�ccÕ�
ŶǀſřĨƿŹŶƿźƬĩ�ƹ�Ŷƃ� ƶƟŚƋř�PH� Żř�Ó�Ó�ƶŝ�ÏÍ�ÐŶƃ� ƵŶƳŚſŹ��

�ƶŝ� źƯř� Ʋƿř�ƪů�ŜŞſ� İŝźŬţ� šŹƺƇ�ŶǀƀĩƹŹŶǀƷ� źŤƸŝ� ƱŶƃ�

ƾƯ�ƮǀƴƯƺƫō�ƺƃŵ�@�æ>� �ƶƳřƺŤſř�ŢǀƫƺƴƯ� ƹŵ� Żř�žĜſ�ƽř��Śŝ�ƪĪƃ
�źƐƣ�ƾūŹŚųÎÏ�ƾƬųřŵ�źƐƣ��Õ�ƕŚƠţŹř�ƹ�ÒƾŤƳŚſ��Ƃƃƺě�įřźŝ�źŤƯ�

ƾƷŵ� ƵŵŚƠŤſř� ōƹŹ� ƹŹŵƺų� Źŵ�ƃŶ� �ƹźƟ�ƱŵźŝŢǀƫƺƴƯ��� ŚƷ� Źŵ�Ʋƿř
ŝ�ƩƺƬŰƯƶ��šŶƯÏ�ƶƤǀƣŵ�Ŷƃ�ƭŚŬƳřſ�Źŵ�ŢĪƃřƹ�ƩƺƬŰƯ�ƹ�ƩƺƬ��ƽŚƷ

ŢǀƫƺƴƯ��ÑÍÍƖŝźƯ�Ģƴƿř�źƷ�Źŵ�ƩƺƬſ����ŵŹřƹŶƃ��ŝ�žĜſŚ�ƱŚƿźū
�ƩƺƬŰƯ��řƺƷƂƃƺě�ŵřƺƯƶŤƃřŵźŝ�ƶƟŚƋř�Ŷƃ�ƩƺƬſ�ƶǀƬĩ�Śţ����ƽŚƷ

ĪǀƯřźſ� ŢǀƫƺƴƯŶƳƺƃ� ŻŚŝ� ƾ��žĜſƶŝ��� šŶƯÎÒ�ŢŰţ� ƶƤǀƣŵ�
� Ʊƹō� Źŵ� řƺƷ� ƱŚƿźūÎÐÑƾŤƳŚſ� ƶūŹŵ���ƪƇŚů� ŢǀƫƺƴƯ� ŵřźĭ

� ĨƄųƃŶ�� źƯř� Ʋƿř�ÎÏ� Śţ� Ŷƃ� ŹřźĪţ� ŹŚŝ�ưƷŠ�ŵřƺƯ� ƩƺƬŰƯ�
ŢǀƫƺƴƯ�ƱƹŹŵ�Ƃƃƺě�ŵƺƃ�ŵŹřƹ�ŚƷ��žě�ĨƄų�Żř�ŢǀƫƺƴƯ��ƱŶƃ�ŚƷ�

ƶūŹŵ� ƹ� Ƶŵřŵ� ƩŚƤŤƳř� ƵŹƺĩ� ƱƹŹŵ� řŹ�� ŢƗźſ� Śŝ� řŹ� šŹřźůÎÍ�
ƶūŹŵƾŤƳŚſ��řźĭŵ�ƶŝ�ƶƤǀƣŵ�źŝ�ÔÓÍƾŤƳŚſ�ƶūŹŵ��ƳŚſŹ�ŵřźĭƮƿŶ�ƹ�

ƶŝ��šŶƯÐ�ƽŹřŶƸĮƳ�ŚƯŵ�Ʋƿř�Źŵ�ŢƗŚſ�ŶƃĨưƳ�Śţ��ŝ�ƽŚƷƶ�ƶŤƟŹŹŚĩ�
ŶƳƺƃ�ƶƴǀƀƬĩ��ƶŝ�žĜſ�ƶūŹŵ�ƾƯřŹō��ƶŝ� ƵŹƺĩ�šŹřźůÒÍ�ƶūŹŵ�

ƾŤƳŚſ�� ŵřźĭ� �ŝƶ�� šŶƯÒŢƗŚſ�� �ƳŚſŹŶƃ� ƵŶ���ƱŻƹ� ƂƿřżƟř
Ƃƃƺě� ŻřŶƘŝ� ƹ�ƪŞƣ�ŢǀƫƺƴƯ��ƾƷŵŚŝ� ƱřżǀƯ� ƶŝ�ŢĪƃřƹ�ÐÒ�ÐÔ�

ŢƟźĭ�šŹƺƇ�ŢǀƫƺƴƯ�źƷ�ƽřźŝ�ƭźĭ��įřźŝ�Ƃƃƺě�ƾƷŵ�ŢǀƫƺƴƯ�
ŝ� �ƪƇŚůƶ�ƵŵŚƠŤſř� ƽŚū��Ƃƃƺě� ŻřƾưƄě�Ƃƃƺě� Żř� ƾūŹŚų�

ƾưƄěƳřźƿř�İ�ƵŵŚƠŤſř��Ŷƃ�ƲǀĮŝřŹŚţ�Ţĩźƃ�Ƃƃƺě��ƹ�Źŵ�žĜſ�
�Źřźƣ�ŜſŚƴƯ�ƽżƬƟ�Ƃƃƺě�ƱƹŹŵ�ŢǀƫƺƴƯ��ƺĪěŚſ�Ţĩźƃ�ƵŚĭŹŚĩ

Ŷƃ� Ƶŵřŵ� �ƳƺưƳŠƵŵŚƯō��žě�ƵŶƃ�ƫƺƫ� ƶŝ�ƩŚƈţř�ŻřŠ� Żƹżĭř��ƹŹŵƺų
ƶƳŚĭƹŵ�ƹŹŵƺų�źƿŻ�ōƹŹ��ŜƈƳ�ōƹŹ�ŻƺſƃŶ���ŢƿŚƸƳŹŵƵŶƴƿǇō�ƽŚƷ�

ŝ� ƹŹŵƺų� ơřźŤůř� Żř� ƪƇŚů� Ś� ƵŚĮŤſŵAVL�ƺĪěŚſ�Ţĩźƃ�
ƵŻřŶƳř�ƽźǀĭŶƃ���Śŝ�ƶūƺţ�ƶŝ�śƺų�ŪƿŚŤƳ�ƶŝ�Ţſŵ�ƳƺưƳ�Źŵ�ƵŶƯōŠ�
�ƵŹŚưƃÎƱřŻŹř�įřźŝ����šřźŤǀƳ�ŵŚƿŻ�źƿŵŚƤƯ�ƂƷŚĩ�ƹ�źŤƄǀŝ�ƽŻŚſ
ƶŝ� Ʈƿźſ�ƶƳƺưƳ� �ƶŤƟŹŹŚĩ�ƵŹŚưƃ� ƽŚƷ�Ï�ƹÐ�ƹÑ� ƩƹŶū� ƢŞƏ�Ï�

ƳƺưƳ� ƶŝŚƄƯ� ŚƸƳō� ƂƿŚƯŻō� ƹ� ŢųŚſ� ƪůřźƯ� ƶĩ� �Ŷƃ� ƶŤųŚſŠ�
� ƵŹŚưƃÎŢƟźĭ� ƭŚŬƳř�� �ƶŝ� ŚƸƴţ��šřźŤǀƳ� Żř� Ʈƿźſ� šřźŤǀƳ� ƽŚū

�
�

ƩƹŶūæ��ƶǀƸţ�ŢƿŚĪſƹźě�ƍƺƬŴƯ�żǀƫŚƳō�ƵŶƃƳƺưƳ�Źŵ�Š�æ���
 

ƮǀƴƯƺƫōŶǀƀĩƹŹŶǀƷ�
�ƭźĭ�  

šřźŤǀƳ�Ʈƿźſ�
�ƭźĭ�  

šřźŤǀƳ�ŢƫŚŞĩ�
�ƭźĭ�  

šřźŤǀƳ�ƮǀƳŚŤƳǇ�
�ƭźĭ�  

ƮƿŵǇŚě�šřźŤǀƳ�
�ƭźĭ�  

źƐƤƯ�śō�
�cc� 

Ŷǀſř�ĨƿźŤǀſ�
�cc� 

Ñ�ÒÑ  ÎÎ�ÎÍÎ  Ò�Ð  ÐÑ/ÎÏ Ï�Î  ÎÒÍ Õ 
 



ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÎÒÔ�
��

 

ƩƹŶūÏ�ƶƳƺưƳ�Ƃƃƺě�ŢųŚſ�Źŵ�ƾƟźƈƯ�ŵřƺƯ���ƽŚƷÏƹ�Ð�ƹ�Ñ��
 

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ŵźſ�ŢƫŚů�

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÑŹŵ�
�ŢƫŚůŵźſ�

�ƶƳƺưƳÑŹŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÐŹŵ�
ŵźſ�ŢƫŚů�

�ƶƳƺưƳÐŹŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÏŹŵ�
ŵźſ�ŢƫŚů 

ƳƺưƳ�ƶÏŹŵ�
ƭźĭ�ŢƫŚů 

ƱřżǀƯ�ƾūƹźų�

ÍÐÖ�Î ÍÏÑ�Î ÍÑÏ�Î�ÍÏÑ�Î�ÍÐÐ�Î�ÍÏÏ�Î�ÍÏÕ�Î�ÍÏÍ�Î�Ȝ�
ÒÎ�Í ÐÓ�Í ÒÑ�Í�ÐÔ�Í�ÑÕ�Í�ÏÓ�Í�ÐÏ�Í�ÎÖ�Í�CO��
Õ�ÎÎ Ö�ÎÎ Î�ÎÎ�Ñ�ÎÎ�Í�ÎÏ�Î�ÎÏ�Ï�ÎÏ�Ñ�ÎÏ�CO2��
ÖÖ�Í ÕÏ�Í ÖÕ�Í�ÕÎ�Í�ÕÐ�Í�ÓÕ�Í�ÓÔ�Í�ÒÐ�Í�O2��
ÔÎ ÓÑ ÔÐ�ÓÒ�ÓÕ�ÒÕ�ÓÓ�ÒÑ�HC��
ÏÖ ÏÏ ÏÖ�ÏÐ�ÏÔ�ÏÎ�ÏÓ�ÏÍ�NOx(ppm) 

 

ŹƹźƬĩ�ƹ�żƴĮƴƯ�Ŷƃ�ƵŵŚƠŤſř�ƲƷō��ƶŝ�ƲǀƴĤưƷ�ŚƳ�ƽźǀĭŶƬū�ƪǀƫŵ�ŜſŚƴƯ�
ƶƳƺưƳ� �ƺĪěŚſ�Ţĩźƃ� Źŵ�ŢƀǀƫŚţŚĩ� ƶƿŚě��ƶŝ�ƽźǀĭŶƬū�įřźŝ� ŚƷ

�ƽŻŚſŻƹżĭř�ŢĩźƃŶƳŶƃ�ƵŵŚŤſźƟ�ŶƸƄƯ���
� ƂƿŚƯŻō� ŪƿŚŤƳ� ƢŞƏ��������AVLƳƺưƳ�Š� ƵŹŚưƃ�Ð�ƶƴǀƸŝ� ƱřżǀƯ�

�ƪƣřŶů� Śŝ� ƹ� Ţưǀƣ� ƪƣřŶů� Śŝ� �Ţƃřŵ� żƴĮƴƯ� ƹ� ƲƷō� �Ʈƿźſ
ŢŞƀƳ�ƾĭŶƴƿǇō�ƾţřŵŹřƹ�ƽŹƹżǀƫŚţŚĩ�ƩŶŞƯ�ƶŝ��ƾƯ�žě��ƶŬǀŤƳ�Ʊřƺţ

Śţ� żƴĮƴƯ� ƹ�ƲƷō�šŚŞǀĩźţ� ƶĩ�ŢƟźĭ�ƾƯ�ƽŶů��ƲƿżĮƿŚū� ŶƴƳřƺţ
Ư� Źŵ� Ʈƿźſ� ƽřźŝ� ƾŞſŚƴƯƩŶŞ��ŹŚŤųŚſ� Śŝ� ƾŤƀǀƫŚţŚĩ� ƽŚƷ

ŶƴƃŚŝ�ŢƿŚĪſƹźě� �ƶŝ�ŪƿŚŤƳ�Ţưƀƣ� Źŵ�ƵŶƃ�İſŹźŝ�ƪƯŚĩ� ŹƺƏ�

Ţſř� �ƳƺưƳŠ� ƵŹŚưƃ�ÐƶŤųŚſ��žě� ƵŶƃ��įřźŝ�Ƃƃƺě� ƩŚưƗř� Żř
� šŚƄƿŚƯŻōSEM� ƹ�XRD�Ŷƃ� ƵŵŚŤſźƟ��ŪƿŚŤƳ� Ţưƀƣ� Źŵ� ƶĩ�

�ƾſŹźŝŢſř�ƵŶƃ���
�
�
Ð�ŦŰŝ��
�

ƶŤſŵ�įřźŝ���������ƪƇŚů�ŪƿŚŤƳ�řŶŤŝř��ŪƿŚŤƳ�ŜſŚƴƯ�ƽŶƴŝ�Ţƀţ�Żř�

AVLƵŶƴƿǇō�ƱřżǀƯ�ƹ���ƹŹŵƺų�ơřźŤůř�Żř�ƾƃŚƳ�ƽŚƷ�řŹ�ƝŶƷ�ƶĩ
� Ƶĥƹźě� Ʋƿř� ƾƬƇřŢſř� �İƯ� İſŹźŝ��Ʈǀƴĩ�ƽŹŚŤųŚſżƿŹ�žĜſ�

ƶƳƺưƳ�šŚƄƿŚƯŻō�ƹ�ƾƬƇř�ƽŚƷ SEM �ƹXRDƭŚŬƳř���ƽƹŹźŝ�ƵŶƃ
�ŚƸƳōřŹ��ŪƿŚŤƳ�AVLƳƺưƳ�Żř�ƪƇŚů�ŠƶŤųŚſ��ŢǀƫƺƴƯ�ƽƹŹźŝ�ƵŶƃ�ƽŚƷ�

� ƽƹŹŵƺųōƹŹ� ŢƫŚů� ƹŵ� Źŵ�ŹƺţƺƯŵźſ���žě� ƶƬƇŚƟǈŝ��Żř
šŹŚŤſř� �� ƹŹƺţƺƯ� ƭźĭ�žě�� ŻřÎÒƹŹŵƺų� ŵźĩŹŚĩ� ƶƤǀƣŵ���

ŻƺſŻŚĭ�ŢƫŚůŹŵŹŵ���ƩƹŶūÐƲƿżƴŝ�ŢƫŚůŹŵ�ƹ���ƩƹŶū�Źŵ�Żƺſ
Ñō��ƵŶƯŢſř��

Śŝ���������ƶūƺţ�ŝ� ŪƿŚŤƳ� ƶŝƶ�Ţſŵ��ƵŶƯōƮƿŶſ�šřźŤǀƳ� ƱřżǀƯƳƺưƳ�Š�
� ƵŹŚưƃÐ� ƶƴǀƸŝ�Ţſř�Ʊō� ŵźŝŹŚĩ� Żř� ƪƇŚů�ƾĭŶƴƿǇō� ŶƇŹŵ� ƹ�
ŢŞƀƳ�ƳƺưƳ�ƶŝŠ�Ʊřźƿř�ƾƟźƈƯ��źŤưĩ�ƹŹŵƺųŢſř���Ţſř�źĩŷ�ƪŝŚƣ

ƶŝ�ƮƿźſźƿŵŚƤƯ�ƹ�ŚƸŞƳřźĭ�šřżƬƟ�ƶƳƺưƳ�Ʋƿř�Źŵ�ƶĩ�ƬǀſƹŠ�ƹ�ƲƷō�
Ţſř�ƶŤƟŚƿ�ƂƷŚĩ�żƴĮƴƯ���Źŵ�ƾĭŶƴƿǇō�Żř�ƪƇŚů�ŪƿŚŤƳ�ƲǀƴĤưƷ

ƳƺưƳŠƶŤųŚſ��Ʊřźƿř� ƾŤƀǀƫŚţŚĩ� ƩŶŞƯ� ƶƳƺưƳ� ƹ� ƵŶƃ���ƹŹŵƺų
řŵ�ƽźǀĮưƄģ�šƹŚƠţ�ŻƺſŻŚĭ�ŢƫŚůŹŵ�ŶƳŹƲƿżƴŝ�ŢƫŚůŹŵ�ƹ��Żƺſ�

ƶŝ�ĨƿŵżƳ�ŹŚǀƀŝ�ŪƿŚŤƳ��ƮƷŢſř��ƾƯ�řŹ�ŢƬƗ�ŝ�Ʊřƺţ�ŚƺŰƳ�ƶǀūƺţş�
ŢƀǀƫŚţŚĩ�ŵźĪƬưƗ��ƽŚƷŻŚĭ�ƱƺǀſřŶǀƀĩř�įřźŝ� ŚƷCO��ƹHC�ƹ�



ÎÒÕ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
��

 

ƩƹŶūÐ�ŤƳ��Ţƀţ�Żř�ƪƇŚů�ŪƿŚAVLƶƳƺưƳ���ƵŹŚưƃ�ƽŚƷÏ�ƹ�Ð�ƹ�ÑƳƺưƳ�ƹ�ŠƱřźƿř��ƾūƹźų�ŻŚĭ�ŶƇŹŵ�Ŝƀůźŝ�ŻƺſŻŚĭ�ŢƫŚůŹŵ�ƹŹŵƺų�
�Źŵ��ŢƫŚů�ƹŵŹƺţƺƯ�ŵźſ��žě�ƶƬƇŚƟǈŝ�šŹŚŤſř�Żř���ƹŹƺţƺƯ�ƭźĭ�žě��ŻřÎÒƹŹŵƺų�ŵźĩŹŚĩ�ƶƤǀƣŵ����

�

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ŵźſ�ŢƫŚů�

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÑŹŵ�
�ŢƫŚůŵźſ�

�ƶƳƺưƳÑŹŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÐŹŵ�
ŵźſ�ŢƫŚů�

�ƶƳƺưƳÐŹŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÏŹŵ�
ŵźſ�ŢƫŚů 

�ƶƳƺưƳÏŹŵ�
ƭźĭ�ŢƫŚů 

ƱřżǀƯ�
ƾūƹźų�

ÍÐÖ�Î ÍÏÑ�Î ÍÑÏ�Î�ÍÏÑ�Î�ÍÐÐ�Î�ÍÏÏ�Î�ÍÏÕ�Î�ÍÏÍ�Î�Ȝ�
ÒÎ�Í ÐÓ�Í ÒÑ�Í�ÐÔ�Í�ÑÕ�Í�ÏÓ�Í�ÐÏ�Í�ÎÖ�Í�CO��
Õ�ÎÎ Ö�ÎÎ Î�ÎÎ�Ñ�ÎÎ�Í�ÎÏ�Î�ÎÏ�Ï�ÎÏ�Ñ�ÎÏ�CO2��
ÖÖ�Í ÕÏ�Í ÖÕ�Í�ÕÎ�Í�ÕÐ�Í�ÓÕ�Í�ÓÔ�Í�ÒÐ�Í�O2��
ÔÎ ÓÑ ÔÐ�ÓÒ�ÓÕ�ÒÕ�ÓÓ�ÒÑ�HC��
ÏÖ ÏÏ ÏÖ�ÏÐ�ÏÔ�ÏÎ�ÏÓ�ÏÍ�NOx(ppm) 

�
�

�ƩƹŶūÑ���Ţƀţ�Żř�ƪƇŚů�ŪƿŚŤƳAVLƶƳƺưƳ���ƵŹŚưƃ�ƽŚƷÏ�ƹ�Ð�ƹ�ÑƳƺưƳ�ƹ�ŠƲƿżƴŝ�ŢƫŚůŹŵ�ƹŹŵƺų�Ʊřźƿř��ƾūƹźų�ŻŚĭ�ŶƇŹŵ�Ŝƀůźŝ�Żƺſ�
�Źŵ��ŢƫŚů�ƹŵŹƺţƺƯ�ŵźſ��ǈŝžě�ƶƬƇŚƟ�šŹŚŤſř�Żř���ƹŹƺţƺƯ�ƭźĭ�žě��ŻřÎÒƹŹŵƺų�ŵźĩŹŚĩ�ƶƤǀƣŵ����

�

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ŵźſ�ŢƫŚů�

�Ʊřźƿř�ƶƳƺưƳ
�Źŵ�ƹŹŵƺų
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÑŹŵ�
�ŢƫŚůŵźſ�

�ƶƳƺưƳÑŹŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÐ�Źŵ�
ŵźſ�ŢƫŚů�

�ƶƳƺưƳÐ�Źŵ�
ƭźĭ�ŢƫŚů�

�ƶƳƺưƳÏ�Źŵ�
ŵźſ�ŢƫŚů 

�ƶƳƺưƳÏ�Źŵ�
ƭźĭ�ŢƫŚů 

ƱřżǀƯ�
ƾūƹźų�

ÍÎÓ�Î ÍÎÒ�Î ÍÎÕ�Î�ÍÎÔ�Î�ÍÎÒ�Î�ÍÎÐ�Î�ÍÎÐ�Î�ÍÎÏ�Î�Ȝ�
ÒÓ�Í ÑÒ�Í ÒÖ�Í�ÑÓ�Í�ÒÓ�Í�ÑÑ�Í�ÒÒ�Í�ÑÏ�Í�CO��
Î�ÎÒ Ñ�ÎÒ Î�ÎÒ�Ï�ÎÒ�Ï�ÎÒ�Ñ�ÎÒ�Ñ�ÎÒ�Ó�ÎÒ�CO2��
ÒÕ�Í ÒÒ�Í ÓÍ�Í�ÒÔ�Í�ÒÓ�Í�ÒÑ�Í�ÒÔ�Í�ÒÎ�Í�O2��
ÒÐ ÒÎ ÒÔ�ÒÐ�ÒÐ�ÒÏ�ÒÏ�ÒÎ�HC��
ÏÑ ÏÏ ÏÖ�ÏÒ�ÏÔ�ÏÐ�ÏÔ�ÏÏ�NOx(ppm) 

 

Śǀůřį�NOxŵźĩ�ƾſŹźŝ���
Nitadori et al        �ƾſŹźŝ�Źŵ�La1-xCexCoO3ƲƿŶŝ� ���ƶŬǀŤƳ

ƶĩ� ŶǀſŹCo4+�Śŝ� ƾƴƿżĮƿŚū�Ce2+�ƾƯ� ƪƇŚů��ƶŬǀŤƳŹŵ� ƹ� ŵƺƃ

�Ƃƴĩřƹ�ƢŞƏÎŢƃřŵ�ƮǀƷřƺų��@æî>���
�

La1-x
3+Cex

+2Co1-x
3+Cox

4+O3 
 

La1-x
3+Cex

2+Co1-x+2s
3+Cox-2s

4+O3+2SO2 



ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÎÒÖ�
��

 

��������ƾƯ� ƱŚƄƳ� ơƺƟ�Ƃƴĩřƹ�� ƶĩ� ŶƷŵLa1-xCexCoO3�ŢǀƬŝŚƣ�
�ƽźŤƄǀŝ� ŢǀƫŚƘƟ� ƶŬǀŤƳŹŵ� ƹ� ƾĭŶƳƺƃŶǀƀĩř� ƹ� ƾĭŶƳƺƃ� Śǀůř

ŢŞƀƳ�� ƶŝLaCoO3ŵŹřŵ�� �ŢǀƟźƓ� ŵŚŬƿř��ŦƗŚŝ� ƽŵŚƗźǀƛ� ƽŚƷ
Ʒ�ƅřƺų� Źŵ� źǀǀƜţŢƿŚĪſƹźě�ŢƿřŶ�ŵƺƃ�ƾƯ� ŚƷ��Ţĩźů� řźƿŻ�

Ʊƺƿ�ƾƯ�šŹƺƇ� źŤƸŝ� Ŷǀƀĩř�ƽŚƷ�ŵźǀĭ��ƪƿŶŞţ� Śŝ� źĮƿŵ�ƽƺſŻř�
� ŵŚƿŻ�źƿŵŚƤƯCo3+� ƶŝ�Co4+ŝ� ƱĦǀƀĩř� źƿŻ�ƎŝřƹŹ�ƢŞƏ�ƶ��šŹƺƇ
ĪŞƃ�Żř�ƩŚƘƟŠ�řŶū�ŢƿŚĪſƹźě�İƯ�ŵƺƃ�Śŝ�ƹ�CO�ƹ�HCśŸū��ƵŶƃ�

ƾƯ� Ƃƴĩřƹ� ŵŹřƹ� ŢƿŚĪſƹźě� ŢƀǀƫŚţŚĩ� ŮƐſ� ƽƹŹźŝ��ƹ� ŵƺƃ
ū� źĮƿŵ� ƽƺſŻřĪŞƃ� ŮƐſ� Źŵ� ƵŶƃŵŚŬƿř� ƱĦǀƀĩř� ƾƫŚų� ƽŚŠ�

�ƱĦǀƀĩř�śŸū�ŜŞſ�ŢƿŚĪſƹźěNOśŸū���ŮƐſ�ƽƹŹźŝ�ƵŶƃ
Śǀůř�ŢƿŚƸƳŹŵ�ƹ�ŢƀǀƫŚţŚĩį�NOƾƯ��ŵƺƃ@�æî>��

�

8Co3+ +2O2→8Co
4+ + 4O2−                              ƶƐŝřŹ��æ�  

 

CO (g) → CO (ads)
                                                      ƶƐŝřŹ��ç�  

 

O2 (g)  O2 (ads)  2O (ads)                      ƶƐŝřŹ��è�  
 

CO (ads) + 2O (ads) → CO3 (ads)                  ƶƐŝřŹ��é�  
 

CO3 (ads) → CO2 (ads) + O 
(ads)                   ƶƐŝřŹ��ê�  

 

CO2 (ads) → CO2 (g)�                                 ƶƐŝřŹ��ë�  
�

ƬůźƯ�Źŵ��������Š�Ʃƹř�COƾƯ�ŶǀƀƧř�ŢƀǀƫŚţŚƧ�ŮƐſ�ƽƹŹ��ŵƺƃ.�
� žĜſNO� ƾƨǀƨƠţ� śŸū� ŢƀǀƫŚţŚƧ� ŮƐſ� Źŵ�İƯ�ŵƺƃ�ƹ�

śŸū�ƱĥƹźŤǀƳ�ŢƿŚƸƳŹŵ��ƾƏ��ƵŶƃƂƴƧřƹ���ƽŻřƺƯ�ƽŚƷN2O�ƹ�
N2�ƾƯ�Ŷǀƫƺţ�řŹ��ŶƴƧ�@çå>��
�

M-¤-M+NOM-O-M+1/2N2                ƶƐŝřŹ��ì�  

¤+NOOL+N(ads)=oxygen vacancy       ƶƐŝřŹ��í�  

¤=oxygen vacancy 
 

N(ads)+NO(ads)N2OOL=latticeoxygen   ƶƐŝřŹ��î�  

OL= lattice oxygen  
 

2N(ads)N2                                            ƶƐŝřŹ��æå�  

��������Śū� ƲǀƴĤưƷ�ƶŝ�� Ʋǀŝ� ƱĦǀƀƧř� ƾƿŚūNO� ƹ�CO��Śŝ� żǀƳ
Śǀůř�ŜŞſ�źŤưĩ�ŢƗźſį�NOx�ƾƯ�ƺƃŵ��

�

CO+NOxN2+CO2                             ƶƐŝřŹ��ææ�  
  

HC+NOxN2+H2O+CO2                    ƶƐŝřŹ��æç�  

�
��������� ƾƘſ� Ƶĥƹźě� Ʋƿř� Źŵ� řŸƫŶƃ�ƩŶŞƯ� ƶŝ� ƾŝŚǀŤſŵ� įřźŝ� �

ƱřŻŹř�ƾŤƀǀƫŚţŚĩ��ƂƷŚĩ�źŧř��źţCe�ƱŵƹżƟř�Śŝ�ƶĪŞƃ�Źŵ�Fe�ƹ�Mn�
� ŹŚƴĩŹŵCo�ƱŚĪƯ� Źŵ�B� ƶĪŞƃ�ABO3ŶŝŚƿ�ƂƷŚĩ�� �řźƿŻ�Fe�ƹ�

Mn�� ŶƴƳŚưƷ� żǀƳCoƿźƔƳ� ƢŞƏ�ŠƽŚƣō��Tascon�ƱĦǀƀĩř�śŸū�
ĪŞƃ� Żř� ƱĦǀƀĩř� ƱŶƃŵřŻō� ŜŞſ� ŢǀƟźƓ� źǀǀƜţ� ƹ� ŵřŻōŠ�

� ŢƿŚĪſƹźěİƯ�ŵƺƃ�įřźŝ� ŢƀǀƫŚţŚĩ� ŵźĪƬưƗ� ŵƺŞƸŝ� ƶŝ� ƹ�
ƾƯ�Ĩưĩ�Śǀůř�ƹ�ƱƺǀſřŶǀƀĩř�Ŷƴĩ���ƽźǀĭŹřźƣ�źĮƿŵ�ƽƺſŻřFeƹ��

Mn�ŹŚƴĩŹŵ�CoƾƯ�ŜŞſ���ƱƺǀƳō�ƪƤŧ�żĩźƯ�ŵƺƃO2-�żĩźƯ�Żř��ƪƤŧ
ƱƺǀţŚĩ�ĪŞƃ�Źŵ�ŚƷŠƃ�ũŹŚų�ŢƿŚĪſƹźě�ŵƺŢůřŹ�ƱĦǀƀĩř�ƹ��ţ�ź

ŵƺƃ� ŵřŻō� ƶĪŞƃ� Żř� �Ʊƺƿ� ƩŚƤŤƳř� ƶĪŞƃ� Źŵ�ƆƤƳ� ŵŚŬƿř� Śŝ� řŸƫ��ŚƷ
ŢůřŹ�ţ� źİƯ�ŵƺƃƂƴĩřƹ� ƹ��Ɩƿźſ� Śǀůř� ƹ�ƱƺǀſřŶǀƀĩř�ƽŚƷ��źţ

ƾƯ� šŹƺƇ�ŵźǀĭ� ��Źŵ�ƞƬŤŴƯ� źƇŚƴƗ� ƽźǀĭŹřźƣ� źĮƿŵ� ƽƺſŻř
� ƱŚĪƯBƾƯ��ƳřƺţŶƃŚŝ� źĮƿŶĪƿ� ƪưĪƯ� ŶĨƿ� Żř� ƹ���ŜŞſ� ƺſ

�ŜŞſ� źĮƿŵ� ƽƺſŻř� ƹ� ƵŶƴƿǇō�ƽŚƷŻŚĭ�ƾŰƐſ�śŸū�ƂƿřżƟř
Ƃƴĩřƹ��ƱĦǀƀĩř�źŤƄǀŝ�ƽźƿŸěƺƃŵ��ƱŚưƷ�ƾƫƹ��ŪƿŚŤƳ�Źŵ�ƶĩ�ƶƳƺĭ

� ƵŶƷŚƄƯŶƃƾưƳ� żƴĮƴƯ� ƹ� ƲƷō� ƱŵƹżƟř� ��� ŶƳřƺţÅǈƯŚĩ�ƲƿżĮƿŚū�
ƳƺưƳ� Źŵ� ƹ� ŵƺƃ�ƮƿźſŠ� ƵŹŚưƃ�ÑƩŶŞƯ� Żř�ƾĭŶƴƿǇō�ŪƿŚŤƳ���ƽŚƷ

Ʊřźƿř�ƾŤƀǀƫŚţŚĩ��źţŶŝ�ƹŹŵƺųŶƃ�@æî>���
�żǀƫŚƳō��������XRDƶŝ��ƪưƗ�ƿŚě�Żř�ƵŶƯōŠ�ƾŤƀǀƫŚţŚĩ��ƱƹŶŝ�Ƃƃƺě�

ƾƯ� ƱŚƄƳ��ƩƺƯźƟ� Śŝ�ŢƿźƿŵŹƺĩ� ŻŚƟ� �ŵƺūƺƯ�ƾƬƇř� ŻŚƟ� ƶĩ� ŶƷŵ
5SiO2�2Al2O3.2MgO�Ţſř�ƽŚƷŻŚƟ� Ĩǀě� Żř� ƽźŧř� ĢǀƷ� ƹ�

ƾưƳ� ƵŶƿŵ� ƾƗźƟ�ŵƺƃ� �� ƂƿŚƯŻō� ƲǀƴĤưƷBETƿŚě� ƽƹŹźŝ�Š�
�ƖūźƯ�ŢƀǀƫŚţŚƧ�ƾţřŵŹřƹ��ō�ŽŚſřźŝ�ƶƧ�ŢƟźĭ�šŹƺƇ�ŮƐſ�Ʊ

ƵĦƿƹ�� Śŝ� źŝřźŝ� ƽřm2/grÒ�ÏÐ�ƵŻřŶƳř�� Ŷƃ�ƽźǀĭ�ƽřźŝ�ŜſŚƴƯ� ƶƧ
ƶƿǇ�� ƾƳŚƄƳŢſř� �� źƿƹŚƈţ SEMƶŤƟźĭ�� ƵŶƃŚŝ�ęƺĪſƹźĪǀƯ�



ÎÓÍ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
��

 

 
 

 
 

ƪĪƃÎ�Źřƺƿŵ�ƹŵ�ƖƏŚƤţźƿƺƈţ�şƶƳǇ�ŢǀƫƺƳƺƯ���ƾƿŚưƴĭŹżŝ�Śŝ�ƽŹƺŞƳŻÕÍÍźŝřźŝ�� 

 
 

 
 

ƪĪƃç���źƿƺƈţSEMƳƺưƳ�Ƃƃƺě�Żř�ƵŶƃ�ƶŤƟźĭ�Š�ƵŹŚưƃ�Ð� 

�ƪĪƃ�Źŵ�ƾƳƹźŤĪƫřÎƶŝ��Ƴ�ƾŝƺųŶƴƷŵ�ƱŚƄş�ƹ�ƪĪƃ��ƖƿŻƺţ�ŻřŶƳřş�
ƪŴƬŴţ�ƳƺưƳ� Źŵ� ŚƷŠ� ƾŤƿźƿŵŹƺĩ�ŢǀƫƺƳƺƯ�Ţſř� �ƱŚưƷ�ƶƳƺĭ��ƶĩ

İƯ� ƶƔůǈƯ�ƪŴƬŴţ� ŵƺƃ��ƽŹŚŤųŚſ� ŚƷŻřŶƳř� Śŝ� ƹ� ƽƹźĩźǀƛ�ş�
ƲǀĮƳŚǀƯm Ð � ƹ� ƾƟŵŚƈţ� ƖƿŻƺţ� ƹÅŚŞƿźƤţ�� ŢųřƺƴĪƿŢſř��

ŻřŶƳř� ƲǀƴĤưƷşƪŴƬŴţ� ƲƿźŤĭŹżŝ��ŚƷm Ô�ŚƸƳō� ƲƿźţżƿŹ� ƹ�
�ŵƹŶůmÒ�Í�Ţſř���

�źƿƺƈţ��������SEMƶŤƟźĭ���ƶƳƺưƳ�Żř�ƵŶƃÐƪĪƃ�Źŵ�ƵŶƃ�ƶŤųŚſ��Ï�
Ţſř�ƵŶƃ�ƶŗřŹř���

ƾƯ� ƵŶƷŚƄƯ� ƶĩ� ƶƳƺĮƳŚưƷ���������Ư� ŮƐſ� �ŵƺƃƺǀƫƺƳ� Ţ�ƿŚěŠ�
ŢƀǀƫŚţŚĩ� ��ƹ�ƱřżǀƯ� ƹ�Ţſř� ƵŶƃ� Ƶŵřŵ�Ƃƃƺě�ŢųřƺƴĪƿ� ŹƺƐŝ

ŻřŶƳřşƪŴƬŴţ���Ʈĩ�ŹŚǀƀŝ�ŚƷŢſřƶŝ�źŤƄǀŝ�ƾƿŚưƴĭŹżŝ�Źŵ�ƹ��ŭƺƋƹ�
İƯ�ƵŶƿŵ�ŵƺƃŻřŶƳř�ƶĩ�ş�Ʋǀŝ�šřŹŷ�Ò�Śţ�ÖÍ�źŤƯƺƳŚƳ�Ţſř��XRD�

Źŵ�ƶƳƺưƳ�ƲƿřƪĪƃ�ÐŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ���
��������ƲƷō� źƿŵŚƤƯ� Śŝ� ƶƳŶŝ� ŢƿźƿŵŹƺĩ� ŻŚƟ� ŵƺūƹ�

�((Mg,Fe)2Al4Si5O18)��Ţſř� ƆŴƄƯ� ��ŻŚƟ� ƲǀƴĤưƷ

� ŢƿŚĪſƹźě�LaCo0.4Fe0.6O3�� ŻŚƟ� ƹ��La2PdO4��Żř� ƪƇŚů�
Ţſř� ƵŶƃ� Ƶŵřŵ�ƱŚƄƳ� �żǀƳ� źĮƿŶĪƿ� Śŝ�Ƃƃƺě� ŵřƺƯ�Ƃƴĩřƹ� ��ŻŚƟ

�Ce3Pd20Si6�� ƹ��((Mg0.86Fe0.14)(Ce0.5La0.5)2(CO3)4)��ƶĩ�
� ƶƳŶŝ� Śŝ�Ƃƃƺě�Ƃƴĩřƹ� Żř�ƪƇŚůŢſř�ƆŴƄƯ� żǀƳ� �ƃ�ƶĩ� �Ŷ

ŐţŶǀƿ��ƾĭŶƴŞƀģ�ƹ� źĮƿŶĪƿ� Źŵ� ƶƳŶŝ� ƹ�Ƃƃƺě� źƇŚƴƗ� ŷƺƠƳ� źŝ
�ŜſŚƴƯŢſř���

�ƽƹŹ�ƶƘƫŚƐƯ��������LaFe0.7Co0.38Pd0.05O3��ƶƧ�Ţſř�Ƶŵřŵ�ƱŚƄƳ
ƶŝ�ƮƿŵǇŚě�ƨŞƃ�Źŵ�ŶƯŚū�ƩƺƬŰƯ�šŹƺƇŠƾƯ�ŵŹřƹ�ŢƿŚƨſƹźě��ŵƺƃ��

Źŵ�ƽżƬƟ�ŢƫŚů�ƶŝ��ŌŚǀůř�Ƃƴĩřƹ�ŻřŶƘŝİƯ�Ŷƿōƶŝ�ƹ���šřŹŷ�šŹƺƇ
�ƂŴě�ŮƐſ�ƽƹŹźŝ�żƿŹİƯ�ŵƺƃŝ�ƹ���ƱƺǀſřŶǀƀƧř�Ƃƴĩřƹ�ŻřŶƘ

ƾƯ�ŵŹřƹ�ŢƿŚƨſƹźě�ŹŚŤųŚſ�Źŵ�ƵŹŚŝƹŵ��ŵƺƃ@çæ>��ƾƯ�źƯř�Ʋƿř�ŶƳřƺţ�
ƵŶƷŚƄƯ� ŢƬƗ�� ƱŶƄƳPdŢƿŚĪſƹźě� Ŝǀĩźţ� Źŵ��

�LaCo0.4Fe0.6O3�� żǀƫŚƳō� Źŵ�XRDŶƃŚŝ�� ��żǀƳ� źǀųř� šŚƘƫŚƐƯ
ƱŚƄƳ�ŶƴƷŵş� ŢƀǀƫŚţŚĩ� ƱřƹřźƟ� ŵźŝŹŚĩ�LaCoxFe1−xO3��Źŵ�

Ư�ƾƘǀŞƏ�ŻŚĭ�Śŝ�ŻƺſŻŚĭ�ƽŚƷƹŹŵƺų�ƱŚŤŢſř�@æè�æê>���ƲǀƴĤƷ



ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ��ÎÓÎ�
��

 

 
 

ƪĪƃÐ��ƽŻŚƟ�żǀƫŚƳōźƿƺƈţ�XRDƺưƳ�ƳŠ�ƵŹŚưƃ�Ð��
 

Ʊřźĭ� żƬƟ� ƾưĩ� ŵƹŹƹ�� ŢưǀƣPd�ŢƿŚĪſƹźě� ŹŚŤųŚſ� ƶŝ�
LaCoxFe1−xO3� ��ƶŝ� ƾŤƀǀƫŚţŚĩ� Ƃƃƺě� šřŹŷ� ƱŶƃźŤƴƿŻ� ƖƳŚƯ

� źŤƸŝ� ƱƺǀſřŶǀƀĩř� ƲǀƴĤưƷ� ƹ� źĮƿŶĪƿCO� ƹ�HCƾƯ��ƺƃŵ��
� ƲǀƴĤưƷPdŢŞƀƳ��� ƽŚƸŞƳřźĭ� šřżƬƟ� ƶŝPt� ƹ�Rh�ƱřŻŹř��ƹ� źţ
ƶŝ�ƱƹźƤƯ�ƶƟźƇ��źţŢſř��ƾŤƀǀƫŚţŚĩ�ƩŶŞƯ�LaCoxFe1−xO3��ƽřŹřŵ

� ƩƺƯźƟ� Śŝ�ŢƿŚĪſƹźě� ŹŚŤųŚſABO3�ŵŹřŵƮţř� ƶĩ���ƽŚƷLa��Źŵ
�ƱŚĪƯAƶŝ���ƵřźưƷÎÏƮţř�ƹ�ƱĦǀƀĩř�Ʈţř���ƽŚƷCoƹ�Fe�ƱŚĪƯ�Źŵ�B�

ƶŝ�� ƵřźưƷÓƶŤƟźĭ� Źřźƣ� ƱĦǀƀĩř� Ʈţř��ŶƳř�@çç>��LaFeO3�ƽřŹřŵ�
ĨǀŞƯƹŹƺţŹƹř� ŹŚŤųŚſ�ƹ�LaCoO3�� ƩřŹŶƷƺŞƯŹ� ŹŚŤųŚſŶƳŹřŵ��

Ƅţ�Źŵ�žƳřźƬţ�ŹƺŤĩŚƟƶŝ�ŢƿŚĪſƹźě�ŻŚƟ�ƪǀĪ�ƐŝřŹ�šŹƺƇŠ�ÎÐ�
ŶƃŚŝ�ƾƯ�źƿŻ�@çè>��

�
(t)= (rA+rO)/√2× (rB+rO)                      �ƶƐŝřŹ�æè�  
 

0.8<t<1.0. 
�

��������� Źŵ�ƲƿřƶƐŝřŹ�rA � ���ƾưţř�ƕŚƘƃA��rB� ��ƾưţř� ƕŚƘƃB��
rO���ƱĦǀƀĩř�ƾưţř�ƕŚƘƃŢſř��

ƽŵŚƿŻ� źƇŚƴƗ� ƵŻŚŝ�Ʋƿř� Źŵ��������ƾƯ��ŶƴƳřƺţƷźŝ� ƱƹŶŝ�Ʈ��ƱŵŹƺų
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��

 

ŶƳźǀĮŝ� Źřźƣ� ŹŚŤųŚſ� �� źǀƔƳ�ƾƴǀĮƴſ� źƇŚƴƗ�ƲǀƴĤưƷPd� ˬPt�ƹ�
RhƾƯ��ƶŝ� ŶƴƳřƺţ�ĪŞƃ� ŵŹřƹ� ƾŤůřŹŠ�ŶƳƺƃ� ƾƫŚŤƀƿźĩ� ��šřżƬƟ

�Ʋƿř� ƽŹŚĭŶƳŚƯ� ƹ� ƾŤƀǀƫŚţŚĩ� ŢǀƫŚƘƟ� ƂƿřżƟř� ŜŞſ� ŚƸŞƳřźĭ
ŶƳŻŚſ� źƇŚƴƗ� ƱŶƃźŤƴƿŻ� ƱƹŶŝ� ŢǀƇŚųş�Źŵ� ƾŤƀǀƫŚţŚĩ� ƩŶŞƯ�

ƾƯ�ƵĦƿƹ�ŮƐſ�ƂƿřżƟř�ƹ�ǇŚŝ�ƽŚƯŵ�ŶƳƺƃ��
�
�
Ñ�ŤƳ�ǀƶŬ�ĭǀįź�
�

��������ŢƀǀƫŚţŚĩ�O3�Pd,Co,Fe,Mn���LaCe� ƶŝ��ƩŶŞƯ�šŹƺƇ
Śŝ�ŢƿŚĪſƹźě�İŤƀǀƫŚţŚĩ�ƶūƺţ�ƱřŻŹř�Ţưǀƣ�ƶŝ��ƹ�ŢůřŹ�żŤƴſ� �źţ

�ƲƿżĮƿŚū� źŤưĩ�ƾĭŶƴƿǇō� ŶƇŹŵ� ƹ� ǇŚŝ� ÅŚŤŞƀƳ� ƾţŹřźů�ƽŹřŶƿŚě
ŢƀǀƫŚţŚĩ� ƽřźŝ� ƾŞſŚƴƯ�Ʊřźƿř� ƾţřŵŹřƹ� ƽŚƷ�ƶŝ� ƹŹŵƺų��ƵřźưƷ

�ƽŚƸŞƳřźĭ�šřżƬƟPd-Rh-Pt�ƶƳŚĭƹŵ� ƽŚƷƹŹŵƺų� Źŵ�� ŻƺſŢſř��
� ŢƿŚĪſƹźě� ŻŚƟ�LaCo0.4Fe0.6O3�ǀƤŝ� ƹ�Š�ƹ� ƾƬǀĪƄţ� ƽŚƷŻŚƟ�
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