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����������������� � � �� � � �� � � �� � � � 	 
 � � 
	 
 � � 
	 
 � � 
	 
 � � 
 ����

 

2.1����� � � �� � � �� � � �� � � � (SnO2) 

�

2.1.1 � � � �� � � �� � � �� � � � � � � 	 
� � � 	 
� � � 	 
� � � 	 
  

�� � ��� � 	
 � �
� �� � �� � 	
 � ���� � �

1962��
Taguchi � � � � �� �� � �  ! � � 
 � 
�"#$

	
 � % & ' 	() � �* �SnO2 + � n , �  ! 
- . / 0 1 	

23 
4 + 4 eV[12]�� 5 SnO2678 �9 ! � � : �; Figaro <

Taguchi �= > [13]?@ A 
B� � : �C D + �E F G H ! 
IJ K

- . L M NO P Q RNO ST [14]
�ST 	�U V�NO P W 
?�

X�U V�Y Z �SnO2 �;[ \	= > V�Y Z ��] ^ _NO P

Q ` a 
;= b 9 ! � � c d 
#C D e f 2-1 g h ��

SnO2 � � 	i j e kg l 
0 NO 9 m � � 
 � n op q 
�9

r(s t �� � 
 � 7U 
u "v � � 
 � w  x y z Y {?= b �

| {
;| {} ~ �I7U ��� �rv 7U � � ��Y {?= b

Schottky barrier
� � 
 � 7U � � Y {� � � 
� ?D b � � 
 �

	Y � �n 
e f 2-2 g h �?0 � i 8 9 ! e ��� � (s t ��

� 
 � 7U "
r_�| {� � �� � � ?� � Y {�� � 
 � 	w
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 x 
D b Y � k� �Y � 	� � + 9 ! � � 	� � 
� � B�� �

� � � 9 ! � � ��

� �   ¡ � La0.8Sr0.2Co1-XCuXO3 ¢ \£ I p , �  ! 
0 � 9 ¤	

��¢ \7U s t �
rv ¢ \7U � � ��Y {?b + s t } 	

�
I�¢ \7U r� + ¥ ¦ Y {?� w  § {¨Y © ª	� � « N


D b 7U  Y � n p ¨Y � k� ª¬0 � i 8 9 ! ~ ��
_¢ \7U

�s t 	�� � � � 
� � ���Y {�¢ \7U _Y © ­ ® ¯
B

�w  § {� � � ° 
D b Y � �n ��

 

 

f 2-1�� �� � � � : ® C f��

�
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f 2-2�� �� � � � ± ²f��

 

2.1.2 � � � � � � � 
 � �� � � � � � � 
 � �� � � � � � � 
 � �� � � � � � � 
 � � ���� 

@ ³ � �� � ¢ \	] ´ . O µ ¶ ´ [15]·� ¸ ¹ V´ [16]·º V´

[17]·Y {» ¹ V´ [18] ·R¼ T ½ ¾ ´ [19]¿
À Á 	] ´ @ ³ �* 	

¢ \
� � 	8 Â Ã À Ä/ Á �;¼ T ½ ¾ ´ Å� � 8 º V´ * Æ 


¼ T ½ ¾ ´ g @ ³ 	[ \Ç I 1000 ppm	 CO#È A q � É Ê Ë �

400 Ì% r. Í Î 	Ï Ð Ñ¨14 %ª¬?� � 8 º V´ @ ³ 	¢ \
\

[ 4 + 150 nm
� Ò 	È A q � Ó � 300 Ì
Ô� ;� � � 100 ppm

	 CO � � 
Õ Ï Ð � � Ë 30 %��
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2.1.3����� � � � � �� � � � � �� � � � � �� � � � � � � � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � � � � �� � �� � �� � �����

Ö u . × @ Ø � ;� � �� � ¢ \g Ó � 	È A q � � ° 
Ô�

° 	Ù � . Ú 
I�Û ?Ü Ý #$ 	Þ � ] ´ �.   ¡ �� �� � ¤

ß N#$ c à 
� á Ç Ï Ð Ñ« NR� ° È A q � Ã . À â 	7á �

ß N�× � ã ä - . å � æ 8 	ç è é £ 
� #ê ë µ ì �� �� �

¢ \7U A + 7U å � í 
B] > . î IÞ ï � � 	8 2��

ß N	é £ � � . Pt·Pd·R Rh¿
  ¡ ® ð Î h ê 2ñ n Ï

Ð Ñ·« N� � �ò ·Å� ° È A q � �ß N Pt·Pd·R Rh Ç I�

� 8 Â 	ó ô 	± C oõ ö. g ÷ ø 
Ôù ! * Æ 
ú + û ü g a ý

	ø þ + � ¸ Ð � ÅY {Ð � 
#� ± C � µ � spill-over ± C Å

Fermi-level ± C ��pill-over ± C + � ¸ Ð � 	 � ð 
�ß Nå � í é

£ � � � #s t o� � ��7U �
;D b æ � _µ ¶ 
̂ � � 	 


� � (spill-over effect) � � o�  ! 7U 
� #�7U � � �� � � 


� ?D b 7U  Y � �« N
?#� � 
 � � � � 7U ß Ní g �

²�� e � � ß N Pto SnO27U �?Ë �« � � � A � � 
� �£

I spill-over�± C ��

Fermi-level ± C + Y {Ð � 	 � ð 
 � � 7U 	ß Ní 
� #�

� � c d �7U �= b é £ � (metallic clusters)
? � I � × é £ �

� _�  ! - . À Á 	Y { � Å � (electron affinities)
� ?D b 7U
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� Y � 2(electrostatic potential)	Þ � �g ;r� �  ! 	 Y � r

� � 7U ß Ní = b � Fermi-level À Á ?Þ � 
; � Þ � Ç 9 ! 	

� � � 8 �?ß N Pd � SnO27U �;« � � � A � � 
 � �£ I

Fermi-level ± C [20,21]��

?P. Bonzi¿û �SnO2	7U ß NFe
ß N	] > �;¹ V´ ¹

VFe�SnO27U ��Fe	  ! � ²�0.5 at%�25 at.%
­ � � ��

" j 
g � �	¢ \Ç 50~500 ppm CO�Ï Ð � . « N
ÔÈ A q �

öÓ � 400 Ì
 # . $ ´ . � 	� ° È A q � [22]��

 

2.2 � �� �� �� � -� �� �� �� � (sol-gel)�������� 

� ��1846��Ebelmenlä � á %& � ' ( ¶ "r= b ) * 
Ô�

+ , �* Ã - �� . / 0 	 1 2 
 3 ��1930�6% � á 4 	 5 6 7

Ñ�"* 8 9 �Schott glass : ; � � � � � < = �@ A ��1950�


> 9 ¸ � � 7; ' ?@ Åé £ A ?@ B ¯¯b C b D < = 
� g E 	

F * G) * ´ (sol-gel method)�� � I F * G) * ´ �c à . � H I �

C
� ; J K f�2-3�L 4 ��1970�6 M N F * G) * ´ 	  ¡ � O

P Q 
�B�	  ¡ � � ' R �� �	N ( µ ¶ ·S ¯� � * @ ³ T

U ) * ! 
^ � � NO T 620 Ì	° q * @ ³ Pyrex< = ¨� V W X ´

Ó � NO o1600 Ìª��

�
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�

f2-3�� � I F * ) * ´ 	c à 
e 7¤ Y P Z ¤�c à �

¨#¤ [ Q 	c à 
 \ � ] ^ � � Ié £ _�� �� ` a i � ª�

�

F * G) * ´ b c m µ ì � * ! d � N; e f � <é £ ^ g @ �

( ¶ (hydrolysis)· h S ¯(polycondensation)?� �¼ i ® C ��g E

F * (sol)� c � j �1-100 nm�ò � * ! d � ê ë ì k I F í ¤� l

} * ! ¬? ) * (gel)c K µ F í ¦ m "
* ! n o h ¯b - � 
 p 8

l ! 
+ �¼ i e q ® C �
# r ê µ { f s � t u � µv
? w © L

x r ê 4 �� µmM N �F * G) * ´ � � � � ² ( ¶ _ h ¯ y z * @

³ À Á = i ��� �
#� �{ b , ´ �À Á 
� µ + k | } I ~(1)

¢ \R � \¬(2)� i �¬(3) T � · � � R � i ! ¬(4)� � ¬(5)� ¯

�¬(6)Cw ) * Rµ | \[23]�
e f2-4 g h ��
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�

f2-4� F * ) * ´ } I À Á � ��h � f��

�

F * G) * ´ � � �  � �Ø � ~(1)( ¶ _ h S ¯� � ¬(2)) * �

(gelation)¬(3)� � (aging)¬(4) � � (drying)¬(5)O " j (heat treating)�

� � � � + ( ¶ R h S ¯ � � y z 
Ö u � � � � y z 
Ôg � R�

� � > À � 
/ 0 � � ��

�;é £ _�� �¨ � � + M(OR)nª+ ` a i � 
( ¶ R h S ¯�

� > 7h e kg h �#¤
M7é £ 
R7 R S(alkyl group)
n7é

£ 7 � ��

( ¶ y z � é £ _�� �¤�-ORS_ ( � � 
 ( µ {¤�-OHSr

� 6-ORS
� ?= b  . -OHS�é £ _�� �
^ � �_� ��

�
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M(OR)n + xH2O → M(OH)x(OR)n-x + xROH 
 

h S ¯ y z �� � � ( (dehydration)R � _(dealcoholation)� ± C ��

� � ( ¶ y z ��
� Á �� � h S ¯� � � . -OHS�é £ _�

� �_#$ _�� ��-OHS<-ORSr� � � �  � = b � � � �

(bridging oxygen)
?� � ( <_��

� ( ��

M-OH + HO-M → M-O-M + H2O�

� _��

M-OH + RO-M → M-O-M + ROH 

�

F * G) * ´ � I� � � F � ¤� � 
ä ê ë � ? � 
   ú w ¡

] ´ + Ò 
# ¢ £ þ e kg | � ¢ þ �(1)ú p 	 ¤ � ¬(2)ú Ò 	ê

ë � ¬(3)¥ b b D ú ¦ � ²¬(4)� � ° Ø � ¤	q � ¬(5) - . 
 �

� 8 � � IÀ Á � § 	@ ³ �� � �(1) � � � � 	 
 ¬(2)	 � � 


� � � ¬(3)� � � � � � ¬(4) � � � � � � � � ¬(5) � � � � �

� � � � ¬(6)�  ! � 	 " � # $ % ��

�

2.3 Pechini�������� 

B´ ; ¨ � _ + F í 
Å © ª ?Ré £ | {� � 
� � h « = }

	 ¬ « (polyester-type resin)¤ò �[24]
� � B I C Â { © ª ? ¦ ­ ¯



 23 

é £ ® | {
N�C¯ 2S	 ¨ � _h ¯	] ´ 
I1967� � M. P. 

Pechini� � �* [24]�© ª ? @ Ø (citric process)
° ± ² ³ �� � © ª

?(citric acid, C6H8O7) µ {¤	 ¯ 2S* ­ ¯¨chelateª � ® é £ ® |

{��� © ª ? µ {- . ´�. ± ?S¨carboxyl group, -COOHªÅ�

�_S(alcoholic group, -COHª
µ %�� ;ñ ¶ ­ ¯ � ® ® | {	 ¯

2S�© ª ? @ Ø � � µ � L � �© ª ? â � ¯�Å © ª ?) * ´ � 

(1)© ª ? â � ¯��

1966�
Pechini[25]; · � 	= > � 7ñ �
� � ¸ R �� �·&

� ¹ ·Å © ª ?( F � � � 
� � ¯b � º = + � � i (fiberous)	 ©

ª ?¹ ¸ â � ¯�(barium titanium citrate, BTC)�Hennings�_Mayr[26]

  ¡ � á 
 » ù © ª ?( F � 	?¼ Ñ
r ½ ¾ � b À Á Ba/Ti¿ !

À � 	 © ª ?¹ ¸ â � ¯��Ô�� � B I ] > g = b 	 ½ ¾ �I 


^ Á - . � Â ¿ ! À � 	 © ª ? â � ¯�
?� © ª ?@ 	 B ¯���

(2)© ª ?) * ´ �

1967��Pechini Á Ã Ä; · � 	= > � 7ñ �[27]
� � - . C¯

2S	_� 
e ¨ � _[ethylene glycol, C2H4(OH)2]
m i � ( F � ¤

© ª ? µ {g ­ ¯ � ® � Å b µ ® | {	�I 
 � � NO � � « �

(esterization)� � Å h ¯(polymerization) � � 
� ?= b � Æ ¬ Ç i 	

) * �I�B I ] ´ È ( É + ÊPechini ´ <@ Ø Ë�(Pechini method or 
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process)
� . ¸ � m # É �+ Êh ¯ ^  � ´ Ë�(polymeric precursor 

method)
Êh ¯â � � W j Ë(polymerized compound route)<Ê� }

B ¯ Ì Í Ë(liquid-mix technique)�f2-5 + � � O µ ¶ © ª ?) * *

¯b �� � E F T ! �h � f[26]��

Pechinig � 7	 · � ¤^ À Ú Â - � � © ª ?� I 
$ ñ � - �

- . C¯ 2S � 8 	. ± ?
e Î ?¨lactic acid, CH3CH(OH)COOH)

Å ¨ _?¨glycolic acidÏ�HOCH2COOHª¿
Ã � ; � 6 © ª ??(�

* ­ ¯ � ® ® | {�� � ¯b ] ´ ¤ ¨ � __ © ª ?	 Ð Ñ À Å¯b

� . Ò Ó � �
Pechini@ Ø ¤ �  � F � � ¸ � � R� � h � fe f

2-6 g h ��

�   ¡ Ô � ¨ � _Å © ª ?J _� � �i � . ;k Õ þ ��

(1)� � I . / ¤r. Ö CÁ× � �é £ ® | {
 ¦ I_ © ª ?­

¯
= b Ø Â 	â ¯���

(2)� ¨ � _¤. � � Ö Ù 	-OHSr Ú â ¯é £ | {
g ;é £ © ª

?@ â ¯� � ; Ø Â Ä� ¨ � _¤= b ��

(3) © ª ?¤�´�-COOHSrÅ ¨ � _¤	 � �-OHS` ' � � «

� � � 
?= b h « = } � ¬ « 
#� � e k��

�
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�

f2-5� © ª ?) * ´ 	h � f[26]��

�

�
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f2-6 Pechini@ Ø ¤ �  � F � � ¸ � � R� � h � f[25]��
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2.4 ��������������������

�

2.4.1����� ���� ���� ���� ����

� � � � � � � 	
 � � 
 � � � � � �� � �� � � � � � �

� � � � � � � �  � � � � � ! " # $ % & � � ' (

)adsorption*+� � , � &- . � � )physical adsorption*/ 	
 � �

)chemisorption*+0 1 2� � � � � � � 3� � � � � 4 � 5 � �

6 7 � 8 9 : ; % < �= > ? @ A B C - . � � +- . � � C  � �

� 3� � � � 6 D ' ( �E F � > G : ; � � � � C H I J K L M

)van der Waals force*3� � � � ; N �� � � � � � �  � � � 2O

P Q R � S �T ! � � � � � � � 3� � 5 � � 6 7 ' ( � U V W

	�8 9 5 X W �Y 9 Z � � [ � \ ] +̂ _  � � � C ` a � �b

B C � � c � d è a � f � � � � g �� � � h i , j k l � � m

&� � 3n � )desorption*h i � o p q�

�

NKPNN
dt
dN

dta −−= )(K        (2-1)�

 

r �N&l � � s � � � � � t �Nt&, � � � g � u � � v w �x

&� � � � � � y �Kd&n � � h i z t �Ka&� � � h i z t +{

�� � | 3� � � � y / l � � s 2} P � � � � � � g t ~ 9 �
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��� n � | � 3� � � � � � t ~ 9 � �+� � � � � t 3� � �

� � g � �p $ &� � i �θ���θ = 
tN

N
+h i z t kd3ka � 3�

� � � � i � � +� � � / n � � � � � � � � �, � Langmuir� �

� � � � {� \ ��

)
K
K

(P

P
     

2

1+
=θ     (2-2) 

�

� � � � y W � � �Langmuir isotherm�� � �   ¡ ¢ (Henry’s law)�

£ ���

1

2

K
K

P    =θ      (2-3) 

�

! � � � � � � i � �� � � � � y +� � �   ¡ ¢ , ¤ ( ¥ ¦ § �

k 	�T ! Brunauer et al¨[28]© ª « G ¬ d � � � 8 {j ­ ® ¯ G ¬

d � � � ° ± �� ² 2-7�³ m +(a)l ´ Langmuir isotherm� � �(b)BET

µ ´ � � �(c)= > ´ 3� � � ' ( M ¶ � ´ 3´ % · � ' ( M � (d)

¸ ¹ Langmuir isotherm�º » � � � � (volume adsorbed) ¼ ½ G ¾

¿�(e)&(c)3(a) � ; N 8 {+�

����

����

����
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����

����

²2-7 - . � � �« G8 {q(a) l ´ Langmuir isotherm�� � �

(b)BETµ ´ � � �(c)= >´ 3� � �' ( M ¶ �´ 3´ % · �'

( M ��(d)̧ ¹ Langmuir isotherm�º » �� � � (volume adsorbed)

¼ ½ G¾ ¿ �(e)&(c)3(a)�; N 8 {[28]+�

�

�

�

�

�

�
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2.4.2����� � � �� � � �� � � �� � � � �

	
 � � , �Lennard-Jones ³ © ª �À Á S Â [29]�r� �3� �

· Ã Ä �� Å �²2-8 ³ m [30]�Æ Ç (a)&� � � � ��[ 3 � � �

· Ã Ä �� Å Æ Ç ��� � � � Ã Ä  � � � �È >É ¡ Ã Ä �, �

E ¶ % �[ Qp�� ��- . � � �+Æ Ç (b)&� � � �� S &½ ?

� ��r�[ 3Ã Ä �� Å Æ Ç +Edis&	
 � � % � S ���X = ∞

��� S ��Ê ²2-8�, Ë �E � �� S �ª " �
 ¶ �X�! � �

�	
 � � �+�

�����Æ Ç (a)3(b)% 6 Ì &� �Ê - . � � Í Î &	
 � � % Ï 	

��ÐEa&- . � � % � �Ñ Ò � S ³ Ó% �[ +Q&	
 � � ��

n � �ÓQ + Ea��[ +- . � � &>Ô Õ 
 Ö �× Ï 	�§ � �>

Ø �Ù Ú ?� �% - . � � �� Û &0.2 eV+	
 � � Ü	
 n � �

&>Ï 	§ � �rÏ 	�, �Õ �Ü�× � � �§ � �Ý �³ © Þ +

�²2-8 , j �Ë ��- . � � Í Î 9 	
 � � ³ Ó��[ � ß à �

� ± � �Q R 	
 � � &¶ �T! � � á �	
 � � ` &� � � �â

Q R - . � � �ã �- . � � Í Î 9 	
 � � +�

	
 � � �Q�ä � � � � � i �å æ �] � �ç G" # , �è

GTé ³ ê ë q�

(1)� � � � �× ` a ì +í� � î �ï �[ �� � � g ��ç ð �



 32 

g ñ â � � � � �ò ó ��� � i ï ��� � � �ã ò ó ç ð � �[

�� g �T! ô õ � � i å æ �Q p ] � +�

(2)� � � � 3� � � � �ö ÷ ' ( +ø µ �� � � �� � �� �%

· �ö ÷ ' ( ø ù �T! 	
 � � �ø ¶ +�

(3)�ú û 8 9 � � 5 ü ´ +	
 � � % Ï 	�Ea�ä � � � i å æ �

å æ �Ê ²2-8 , Ë �� � i å æ ��Q p ý Ö �¤�Æ Ç (b) Z � þ

2���Æ Ç (a)¬ Î �T! �� p å æ +�

n � h i � � n � Ï 	�Ed = Ea + Q % � ¶ ³ ê ë +TEa/Q3�

� i (θ) � " � � � � t Î 	�n � h i � » �� � h i �Ù � 
 ¬ �

θ % ê ë +� � � �(Ng) Ï 	�h i , j \{� m q�

�

( ) 


 −−=
kT
E

NQP
dt

dN
a

tg
g exp1    θ � � � � (2-4)�

�

	
 � � z t Ka , j � m &��

�������������

)
E-

exp(K
kT

A a
a = �� � � � � � (2-5) 

 

n � h i , j � � �\{��

�
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


 −=
kT
E

BN
dt

dN
a

g
g exp �� � � � � (2-6) 

 

n � z t �� , j � m &��

�

���������������� )
E-

exp(
kT

BK d
d = � � � � � (2-7)�

�

E 	 , �� � � /n � z t % � p b&��

�

������������� )exp()exp()()(
kT
Q

C
kT
Q

B
A

K
K

b
d

a ==== �� (2-8) 

�

2{�% z t C , j h i . 
 Ü � M . 
 � 
 &\{³ m �

�

���������������� 2
1

)2(
−

= RTMNC πστ �� � � � (2-9) 

�

2{��N& � � æ � z t �

��������σ&� � � � � �� � � s �

��������τ &� � � � �· �

��������R&� � z t �

��������M&� �[ 	
 � � ��� z � - . � � �� 1~2?t [ � +�

�
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2.5����� � � � � � � 	 
 � � � �� � � � � � � 	 
 � � � �� � � � � � � 	 
 � � � �� � � � � � � 	 
 � � � � ����

�

5 ô Á � � � � � � � � &� 5 ô Á � � 5 ô Á ½ G+� 5 ô �

¿ Á �� � � � � 3� � � �� � à � 	 �  ( � � ô 5 w  V � Î

! Q R � � � � � +  ( ! ¸ % � � � . ³ " 9 % � � � � # $ ¼

SnO2eZnO�% % & ' 	- ( ô � ) * �� � � � � �+ ¸ % � � �

, - � ( �, . ì � � � � � � / 0 2+� 5 ô Á ( ô � � � � � �

3� � � �� � à � 	 �  ( � � ) * �; � ; 1  V � Î ¤5 2 U

V Î 	��α-Fe2O3 " 9 �� � � � � ��ï � \Í Î 9 � 5 2 �

Fe3O4�ç ¸ � � � � ì �� 
 3 ¡ +�

5 ô Á % & ' 	- ( ô � � � � � � 4 5 � 6 7 8 �� ( �º »

�r � � � 9 ¿ �} P : � ; S �~ < 
 &� à � �¼ � < �= À {

/� � 5 ô À {>G+�

����

2.5.1����
 � � � � �
 � � � � �
 � � � � �
 � � � � � �

� < �= À {C^ _ ( ô � � � ) * C� ? µ � @ ³ A 9 ���

� @ � à � � < � 2î ��=��²2-9 ³ m +�� @ B < C � � '

	ì � � �)� D � �� ' *�ç ð � � ± � ' �Ê � @ � � E F 5

��å æ � � 5 ���=��å � G � � ) * �5 2 +� H I �¼ J
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� ì � � )�COÜH2*���3� � ± � '  V � � �d �Â Ô ª 5

��] � G � @ < � ��= ï w ��¤� � � ) * �5 2 ] � +�

1987�KWilliams[31] © ª G èG¬ d � @ L ; 8 {��= À {+²

2-10(a)&½ � @ · 8 9 Ñ Ô M N (open neck)� O Ç � á � m � � D ·

5 ü ´ �P ô Q �, 4 �½ � @ �× R S � % · Q R P ô +²2-10(b)

&½ � @ · � T U M N (close neck)�½ � @ · �� � 5 � D V � W

X�ç G" # ¸ ¹ } P : � L ; �8 {�r P ô �5 � Y Z [ P ô \

��= ³ ] ¡ +²2-10(c)&Schottky barrier��= 8 {�½ � @ 8 9 Ì

° �à N � P ô 4 ��= ï w eWs ] ¡ �+ À Á �
 . ^ _ S Â � �

� � � � J � ì � � �5 2 \] � ` ¢ ì +�

�

r��
KT
eWs

G
-

exp(≈ *�� � � � �  (2-10)�

����

����

����

����

����

����

����
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²2-9�� < �= À Á +�

����

����

²2-10� ê ë P ô �� @ à N a 8 +(a)Ñ b M N (open neck)��

(b)T U M N (closed neck)�(c)Schottky��=+�

����
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2.5.2����� � � � � �� � � � � �� � � � � �� � � � � � �

ZnO1-xC>GnÁ % & ' 	- ( ô � �� c d w Eg Û &3.2 eV+�

�� e �î � ' f g �Y 9 � P ô \ � B h î �� [ � i � � j ��

²2-11 ³ m +� ( ô � � � � � k !�� �j 	 ���¬ d - l à �

5 ��� � ¬ d ��� m 5 �Ê k !�� � n ( ô � �ÜÊ ( ô � n

k ! � �� Z �+�! � m � \ � o Æ �¤� p � t � ô 5 w  V Î

	+�

� ( ô � � � � � ' 	ì � � ��� � Ê ( ô � � � � q 5 ��

9 & r Ä ��¤� � � \ n 2 o Æ �] � G � � 5 �� s w �¤ � �

) * �5 2 å æ +�� ( ô � � � � � J � ì � � ��� � n ( ô �

� � t u 5 ��] � G � � � \ � o Æ �� � 5 �� s w å � �T�

� � ) * �5 2 ] � ++ À Á �S Â � � � � � � ' 	ì � � � J �

ì � � �5 2 Î 	� ` ¢ ì +�

����

����

����

����

����

����
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2.6����� � �� � �� � �� � � � �� �� �� � ����

����

v w x ; 1 [32,33]�²2-12 ³ m �A� z &� y t z( { 
 � % | Ä

���La3+ePr3+eNd3+eY3+eCa2+eSr2+eBa2+ePb2+��3 } Ä �

O2-> m ~ � � � � � v � s +�B&ï y t z( { 
 ¶ � | Ä ���

Cr3+eFe3+eMn3+eMn4+eTi4+�� �O � � � �� � � g � � � ì )

* &BaTiO3+ v w x (perovskite) ; 1 CABO3 Á � � ; 1 % >� � >

G; 1 & w � x (ilmenite)/� S �(calcite)�T&ABO3	N - 3Ä �

( { �� Å �b ¼ , �ª " r � �; 1 ��²2-13 ³ m +�

� v w x ; 1 ��íABO3 �� ' Ä �&-2y��AeB �y t

¬ >¡ &A2+eB4+� � - u y t &+6 � , �A Ä �� ` y t &+2�B

Ä ��� ` y t &+4�ÜAB Ä � � N % � ` y t &+6 � , +r	


{&q 31
m2

2
m

1
n

21
n

1 )(B)(B)(A)(A 121 OYYXX −
+++

−
+ �>Ø 	N - � � � � 5 �ì �

- � �r � � &��

�1�XeY p �¥ ¦ � 0 � X � 1 / 0 � Y � 1+�

�2�A1�y t [ Ö &2� | Ä �� , - & � � % & � é +�

�3�A2�y t [ Ö &2� | Ä �� , - & � � % & � é +�

�4�B1�y t [ Ö &2� | Ä �� , - &§ � % & � é +�

�5�B2�y t [ Ö &2� | Ä ��� 2 � % | Ä � k �RueOseIre�
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PtePdeRh�d � % � é �/MoeTieWeNb� � , +�

���n1en2em1em2 � � � m ry t �� ` y t &6+�

���n1�1-X�+ n2X + m1�1-Y�+ m2Y = 0 

� v w x ; 1 ��íA� ( { 3O � ����k l � � 
   , Ë q�

�

02)(2)22( aRRRR aoao =+=+ �

�

bo RRa 220 += ��

�

r�� 0a � ¡ �� e z t )lattice parameter*�

T! �

)(2 boao RRRR +=+ �

�

! &. ^ v w x �Ä � ( { � +º �0 1 ° ¢ \�A Ä �3O Ä � (

{ ¬ ��zBÄ �¬ >¡ £ ¤ 3� � � � �6?O Ä �� ¥ +T! �

�

)(2 00 ba RRtRR +=+ �

�

r�t& ¦ ? Té (tolerance factor)+� z � v w x �tp �¥ ¦ �0.77 < 

t < 1.1 % · +�! >¥ ¦ � �� � , § ¨ 3 ¡ � v w x ; 1 �r; �
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; 1 �²2-12+ít < 0.77�� � �8 9 w � x ; 1 ��t > 1.1���Î

9 � S �Ü©�) ª $ « �*; 1 +�

� ¬ ­ ® � v w x ; 1 » �CO � � � n � � � �r� � �\³ m ��

( ) ( ) ( )adsadsg OeO −− →+→ 22O 22 �

� � � � � ( ) ( ) −− +→+ eCOO adsadsads 22CO 3)( �

� � � � � ( )adsadsads OCOCO +→ )(2)(3 �

� � � � � ( ) ( )gads COCO 22 → �

²2-12 vwx ; 1+�

�

�

�
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²2-13 ABO3 	 N - 3 Ä � ( { � � Å ²+�


