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|^DÚ���A�{, ©O3 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C �(^�e, ��
Wv¶(�
� La0.1Sr0.9TiO3 >b�¬. �¬�®" X ��û�(Jw«, ØÓ�(§Ý� La0.1Sr0.9TiO3 >b�¬þ�ü�
���(�. l�¬�×£>fw�ì¡5w, �X�(§Ý�O\, ²þ¬âº�ÅìO�. 3¿§� 800 ◦C �ÿ
Á§«, ÿÁ
�¬�>{ÇÚ Seebeck Xê, XÚ/ïÄ
ØÓ�(§Ýé�¬9>5U�K�. (JL², �¬
�>{Ç3ÿÁ§«S�XÿÁ§Ý�,pkÑ�ü$, ,�Åì,p; oN5w, �¬�>{Ç��(§Ý�,
pkO��ü$. 3ÿÁ§«S, Seebeck Xêþ�K�, L²�¬�16f�>f; �XÿÁ§Ý�,p, Seebeck

Xêýé�þk¤O�; ��(§Ý,p, Seebeck Xêýé�ÅìO��wÍü$. 1480 ◦C ����¬ÏÙ�é
�$�>{ÇÚ�é�p� Seebeck Xêýé�, 3 165 ◦C ������õÇÏf 21 µW·K−2·cm−1.

'�c: v�+>b, 9>5U, �(§Ý, �zÔ

PACS: 72.15.Jf, 72.20.Pa

1 Ú ó

9>á�´�«|^SÜ16f$Ä¢y9
UÚ>U�m���p=��õUá�, 3{9u
>Ú�e+�k­�A^cµ [1]. 9>=z�Ç
dÃþj�9>`�Xê ZT = S2T/ρκ L�, Ù
¥ T �ýé§Ý, S, ρ Ú κ ©O�á�� Seebeck
Xê!>{ÇÚ9�Ç. gl 1997 c Terasaki � [2]

uy Na2CoO4 ü¬äkép�9>`�, 1000 K
��� 0.8, �zÔ9>á�ÏÙÃÓ³!��ó
²{ü!d�²L!p§e­½5Ð�`³Úå

ïÄö�2�,�. �, SrTiO3 ÄWv¶.�
zÔLyÑûÐ�9>5U, ´ n .�zÔ9>
á�¥ïÄ�9: [3−8]. Ù¥ La �, SrTiO3 ü
¬ [5] �õÇÏf3¿§e�� 36 µW/(K2·cm), �
�DÚÜ7á� Bi2Te3 �'. Kikuchi � [6] ��
� La �, SrTiO3 >b3 1045 K �9>`��
� 0.37. �´, ØÓ���^�, X�¬�(��

�¸§Ý, é>b�¬�5Uké��K� [8,9].
�©|^DÚ����A�{, ©O3 1440 ◦C,
1460 ◦C, 1480 ◦C Ú 1500 ◦C �(^�e, ��
W
v¶(�� La0.1Sr0.9TiO3 >b�¬, XÚ/ïÄ

ØÓ�(§Ýé�¬�¬�(�!�*/m!
>{Ç!Seebeck Xê9õÇÏf��K�.

2 ¢ �

|^DÚ����A�{�� La0.1Sr0.9TiO3

>b�¬, ±©ÛzÆÁJ La2O3 (XÝ� 99.99%),
SrCO3 (XÝ� 99%), TiO2 (XÝ� 99.8%) ���,
UzÆOþ'¡þ��, ±Ë°��0, ¥� 12 h,
ó�óZ�Ø¤�»� 30 mm!þÝ�� 5 mm �
�¡, 3 1300 ◦C e�§ 6 h ý�Ü¤. òý��
��¬®�ï�, 2?1 12 h ¥�, òó�óZ�
\\ÅÜJEâ, Ø¤�»� 30 mm, þÝ� 3 mm
��¡, 3 650 ◦C eü�, ,�©Ou H2/Ar ·Ü
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í¨¥3 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C e
�§ 4 h �(¤b, ���� La0.1Sr0.9TiO3 >b�
¬. 2ò�¡��¤ 18 mm×2.5 mm×2.5 mm �^
/�¬, ©OÿþÙ>{ÇÚ Seebeck Xê.

� > b � ¬ � ® " | ^ X � � û � © Û
¤ (XRD, ¦^ Cu Kα ��, Å� λ = 0.154056
nm) ©ÛÙ�*�|¤(�. |^×£>fw�
º (SEM) *	
�¬��*/m, >{Ç ρ ^IO
oàf{ [10] 3ý�í¨eÿ½, >6� 100 mA,
3 3 ◦C �m�§� ∆T e, ÿ½�¬�§�9>
³ ∆E, �â ∆E-∆T �ã����Ç(½ Seebeck
Xê S, ¿|^ S2/ρ O��¬�õÇÏf.

3 (J�?Ø

ã 1 ´ØÓ�(§Ý��� La0.1Sr0.9TiO3 >
b�¬� XRD ãÌ. �â X ��û�IOk (PDF
k) No.35-0734, o|�¬Ñ/¤
Wv¶(��
ü���(�, vkÙ¦,��). ùL²o«�
(§Ýe, La lfÑ�Ð/K\�
Wv¶�¬
�¥. |^ XRD �êâ, ©OO�
o|�¬�¬
�~ê a (¬�NÈ V )!nØ�Ý9�g��é�
Ý, äNêâ�uL 1. lL 1 �±wÑ, o«�(
§Ýe�(��¬¬�~ê��Ø�, nØ�Ýþ
� 5.1 g/cm3. ^�¬�¢Sÿþ�ÝØ±ÙnØ�
Ý���¬��é�Ý, �¬��é�Ý��(§
Ý�,pkÅìeü�ª³, Ù¥ 1440 ◦C �(�

�¬�é�Ý��, ��
 98%. ,	n|�¬�
�é�Ý��Ø�.

� � � � � � � � � � � ��� � 	 
 � � 

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

ã 1 Ø Ó � ( § Ý � � � La0.1Sr0.9TiO3 > b �
¬� XRD ãÌ, a,b,c Ú d ©O�L 1440 ◦C, 1460 ◦C,
1480 ◦C Ú 1500 ◦C �(��¬

L 1 ØÓ�(§Ý��� La0.1Sr0.9TiO3 >b�¬�¬
�~ê!nØ�ÝÚ�é�Ý

 T/◦C a/Å V/Å3 nØ�Ý/g·cm−3 �é�Ý /%

1440 3.909 59.7 5.1 98

1460 3.910 59.8 5.1 95

1480 3.908 59.7 5.1 95

1500 3.910 59.8 5.1 94

ã 2 ´ La0.1Sr0.9TiO3 >b�¬� SEM ì¡,
Ù¥ã 2(a), (b), (c) Ú (d) ©OéAu�(§Ý
� 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C ��¬. l
ã 2 �±wÑ, �¬�¬â�õ>/, ��(§Ý� � � � � �

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

ã 2 ØÓ�(§Ý��� La0.1Sr0.9TiO3 >b�¬� SEM ì¡ (a) 1440 ◦C; (b) 1460 ◦C; (c) 1480 ◦C; (d) 1500 ◦C
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� , p, � ¬ � ² þ ¬ â º � w Í O �. Ù
¥ 1440 ◦C �(��¬¬âº���, ¿�'�þ
!, �Ù����é�ÝO�(J�ÎÜ; 1480 ◦C
�(��¬, ¬âº�����, ���¬âmY
�m©Ùké�[�¬â, ù��(��UkÏu
Jp�¬� Seebeck Xê; 1500 ◦C ��¬K¥y
Ñ�~��¬âº�.

ã 3 ´ØÓ�(§Ý� La0.1Sr0.9TiO3 >b
�¬�>{Ç�ÿÁ§Ý�Cz. oN5w, �
XÿÁ§Ý�O\, Ø 1500 ◦C ���¬	, Ù{
n|�¬�>{Çþ¥y
kÑ�eü, ,�O
\�ª³. ù�U´du 1500 ◦C �(��¬¬
.Ñ��A�� [11]. oN5w, ��(§Ý�
,p, �¬>{ÇkO��~�. 3��ÿÁ§
«S, o|�¬¥ 1460 ◦C �(��¬äk�p
�>{Ç, 1500 ◦C �(��¬äk�$�>{
Ç, 3 780 ◦C �� 8.6 mΩ·cm. 1440 ◦C, 1460 ◦C
Ú 1480 ◦C �(��¬3TÿÁ§Ýe�>{Ç©
O� 9.4 (783 ◦C), 9.9 (784 ◦C), 9.1 mΩ·cm (783 ◦C).
3 SEM ì¡þ�±wÑ, 1500 ◦C �(��¬¬â
º��Ù{n|�'�~�, duo|�¬äk�
Ó�|©, 16fßÝAT��Ø�, 
���¬
âKäk���16f[£Ç, l
���é�$
�>{Ç.

� � � � � � � � � � � � � � � ���� � �	 
��
� �� ���
ã 3 ØÓ�(§Ý��� La0.1Sr0.9TiO3 >b�¬�
>{Ç�§ÝCz­�, a, b, c Ú d ©O�L 1440 ◦C,
1460 ◦C, 1480 ◦C Ú 1500 ◦C �(��¬

ã 4 ´ØÓ�(§Ý� La0.1Sr0.9TiO3 >b
�¬� Seebeck Xê�ÿÁ§Ý�Cz. �±w
�, 3��ÿÁ§«S, o|�¬� Seebeck Xê
þ�K�, L²Ù16f�>f, =� n .�>
á�. oN5w, ��(§Ý�O�, ØÓ�(§
Ý�¬� Seebeck Xêýé�kO��~�, Ù
¥ 1480 ◦C �(��¬äk��� Seebeck Xê

ýé�, 1500 ◦C �(��¬äk��� Seebeck
Xêýé�. 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C
��¬3 790 ◦C �m� Seebeck Xêýé�©O
� 235, 243, 251 Ú 224 µV·K−1. �XÿÁ§Ý�
,p, o|�¬� Seebeck Xêýé�þ¥üNO
�ª³, Ù¥ 1480 ◦C �(�¬� Seebeck Xêý
é�d 84 ◦C �� 171 µV·K−1 O�� 791 ◦C �
� 251 µV·K−1.

� � � � � � � � � � � � � � � �� �� 	 � �� 	 � �� � � � 
 ��
�� �� �� ��
ã 4 ØÓ�(§Ý��� La0.1Sr0.9TiO3 >b�¬
� Seebeck X ê � § Ý C z ­ �, a, b, c Ú d © O �
L 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C �(��¬

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

ã 5 ØÓ�(§Ý��� La0.1Sr0.9TiO3 >b�¬�õ
ÇÏf�§Ý�Cz­�, a, b, c Ú d ©O�L 1440 ◦C,
1460 ◦C, 1480 ◦C Ú 1500 ◦C �(��¬

|^ S2/ρ O�
�¬�õÇÏf, ã 5 ´Ø
Ó�(§Ý� La0.1Sr0.9TiO3 >b�¬�õÇÏf
�ÿÁ§Ý�Cz. �±wÑ, 3ÿÁ§«S, o|
�¬�õÇÏf�ÿÁ§Ý�,pþ¥ykO�
�Åìü$�ª³, 3 180 ◦C �m�����õÇ
Ïf. 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C ��¬
3 180 ◦C �m��õÇÏf©O� 15 (179 ◦C), 16
(187 ◦C), 21 (165 ◦C) Ú 15 µW·K−2·cm−1 (187 ◦C).
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1480 ◦C �(� La0.1Sr0.9TiO3 >b3��ÿÁ§
«Sþäk���õÇÏf. oNþ`, ��9>
á�, 1480 ◦C �(��¬äk�Ð�>Æ5U.

4 ( Ø

�©æ^DÚ���A{, æ^��í¨, ©
O3 1440 ◦C, 1460 ◦C, 1480 ◦C Ú 1500 ◦C �§ 4 h
�^�e��
 La0.1Sr0.9TiO3 >b�¬, 3¿§
eL�
�¬�¬�(�, ¿*	
Ù�*/m,
3¿§� 800 ◦C �ÿÁ§«S, ÿÁ¿?Ø
Ø
Ó�(§Ý����¬>{Ç, Seebeck Xê9õ

ÇÏf�ÿÁ§Ý�Cz. �Ñ±e(Ø: o«�
(§ÝÑ��
ü��Wv¶(�, �(§«�°,
�X�(§Ý�,p, �¬���ÝkÅìü$�
ª³; �¬�>{Ç3p§«�ÿÁ§Ý�O�¥
üNO�ª³, ��(§Ý�O�, ØÓ�(§Ý
��¬>{ÇkO�, ,�Åìü$; �¬� See-
beck Xê3��ÿÁ§«þ�K�, ��ÿÁ§Ý
�O�Ùýé�üNO�, ��(§Ý�O�, Ø
Ó�(§Ý���¬ Seebeck Xêýé�kÅìO
��wÍ~�; 1480 ◦C �(��¬¼�
o|�
¬¥���õÇÏf, �� 21 µW·K−2·cm−1.

[1] Li J F, Liu W S, Zhao L D, Zhou M 2010 NPG Asia Mater. 2 152
[2] Terasaki I, Sasago Y, Uchinokura K 1997 Phys. Rev. B 56 12685
[3] Liu J, Wang C L, Su W B, Wang H C, Zheng P, Li J C, Zhang J L,

Mei L M 2009 Appl. Phys. Lett. 95 162110
[4] Jalan B, Stemmer S 2010 Appl. Phys. Lett. 97 042106
[5] Okuda T, Nakanishi K, Miyasaka S, Tokura Y 2001 Phys. Rev. B

63 113104
[6] Kikuchi A, Okinaka N, Akiyama T 2010 Scripta Mater. 63 407
[7] Wang H C, Wang C L, Su W B, Liu J, Zhao Y, Peng H, Zhang J L,

Zhao M L, Li J C, Yin N, Mei L M 2010 Mater. Res. Bull. 45 809
[8] Shang P P, Zhang B P, Li J F, Ma N 2010 Solid State Sci. 12 1341
[9] Wang H C, Wang C L, Su W B, Liu J, Zhao Y, Peng H, Zhang J L,

Zhao M L, Li J C, Yin N, Mei L M 2010 Acta Phys. Sin. 59 3455
(in Chinese) [�ö�, �SX, �©R, 4ê, ë�, $u, Ü[
û, ë²[, o3�, ÙA, rû� 2010 ÔnÆ� 59 3455]

[10] Sun Y, Wang C L, Wang H C, Peng H, Guo F Q, Su W B, Liu J,
Li J C, Mei L M 2011 J. Mater. Sci. 46 5278

[11] Muta H, Kurosaki K, Yamanaka S 2003 J. Alloy. Compd. 350 292

167201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 16 (2012) 167201

Influence of sintering temperature on thermoelectric
properties of La0.1Sr0.9TiO3 ceramics∗

Sun Yi1)2)† Wang Chun-Lei1) Wang Hong-Chao1) Su Wen-Bin1) Liu Jian1)

Peng Hua1) Mei Liang-Mo1)

1) ( State Key Laboratory of Crystal Materials, School of Physics, Shandong University, Jinan 250100, China )

2) ( Dpartment of Physics, Changji University, Changji 830100, China )

( Received 14 October 2011; revised manuscript received 17 January 2012 )

Abstract

Ceramic samples of La0.1Sr0.9TiO3 are synthesized by conventional solid state reaction technique at 1440 ◦C, 1460 ◦C, 1480 ◦C

and 1500 ◦C, respectively. Their thermoelectric properties are investigated. X-ray diffraction characterization confirms that the main

crystal structure is of perovskite. Scanning electron microscope images indicate that all ceramic samples are dense and compact, and

that the average grain size increases with the increase of sintering temperature. Electrical resistivity and Seebeck coefficient of samples

are measured in the temperature range between room temperature and 800 ◦C. In general, with the increase of sintering temperature,

the electrical resistivity first increases, and then decreases. With the increase of sintering temperature, the absolute Seebeck coefficient

first increases, and then decreases. A maximal power factor 21 µW·K−2·cm−1 is obtained at 165 ◦C for the sample sintered at 1480 ◦C

because of its reletivly high absolute Seebeck coefficient and reletively low electrical resistivity.
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