
� 47�    � 8�                                   ��������	                                Vol.47, No.8 

2018�      8�                        RARE METAL MATERIALS AND ENGINEERING                      August 2018 

 

�����2017-08-18 

���	����	
��
�51602240���������
���
��
������ !�20130203120016��"#$�	
�

�%�&'(�2015JQ6252��)*+�	
��
�2015A610109,2015A610037,2016A610029� 


��
�-./,0,1976�1,��,2�3,#456
78�9:;<=>?
7�@,"# #4 710071,5AB029-81891324,

E-mail: lizhmin@163.com 

 

������ BaTiO

3

��� PTC 	
 

��
���� 

 

���

1

����

1

��	


1

���


1

��  �

1

��  �

2

 

(1. #456
78�,"# #4 710071) 

(2. #CDE8� FG7H��I�JKL,"# #4 710072) 

 

�  ��MNOPQGRS,TUV YWMn XYZQ BaTiO

3

[\]^N X _`a_bWcd56efghijbk

lmnoQpRWfqrsht�uk:vwx,yz{VnoQ5�|}]r~w�BY YZi����[\QL

�5�,��{Q Y�������,�=���Q MnR��N,������}�PTC���]����h��Q

���N,����� BaTiO

3

[\Q PTC��] 

���� /5��YZ����T�PTC�� 

�������TQ147        ������A        �����1002-185X(2018)08-2417-05 

 

BaTiO

3

� � � � � � � � 	 
 � (positive 

temperature coefficient�PTC) 
���������

�����������	� �!�	"#�$�

%&'()*�+,��-.�/-0!12�	34

56�789:;<=>3?@�AB�����


CDE PTC FG�$HI�'JKLKM

[1,2]

4NO

PTC��,��-.!PM/-0E PTC
��$�

QR��STU'VW�X+YZ�
[!U[4 

\]YZ^�YZ_`aPbc Heywangdef

gh��Jonkeri�"#h��Danielsjklh��

Desuemnbh�! Shell-Coreh�3o\p>�q

rst PTC u��o\vw�+xy PTC �$�H

IPzc{�

[2]

4Q|YZ^�}�~���&��

&��(� Y�Nb�La! Ni�Co�Cu3)

[3-6]

����

�������������!���3S����

E BaTiO

3

� PTCFG�-��S�HI��cx�4

Zhao

[7]

! Zubair

[8]

3 � } � SiO

2

� � � �

Ba

0.92

(Bi

0.5

K

0.5

)

0.08

TiO

3

-0.0005Nb

2

O

5

!(Ba,Ca)TiO

3 

2�

PTC���o����d�!defg���c ¡

� PTCu�4Liu

[9]

�Li

[10]

! Zhao

[11]

3���¢ BaTiO

3

D�� BNT! Y�TuNOc,��-£¤¥PMc

12�	4 

¦§�\]YZ!Q|�¨©ª�PTCu���

�de«¬4d�:de­®�¯°�±_²³´µ

�FG¶·¢¸~¹º»¼½·¢ PTCu��¾Td

�®�¯°�¿deÀ	´µ�FGÁI©«b ¡

� PTC u�4ÂÃ�NO,��-!PM/-0�

PTC�$Ä�HIÅÆ� 2ÇÈm�¿ÉJÊË[£

Ì\]^ÍÎ%�Ïp\¤�Ð+U'4 

vYZÑ��C���Ò�}� Y�Mn ���

���d��¯°�Ó	!defg�x�c BaTiO

3

�,��-!/-0ÔH�Õ]cd�¯°��Ó!

defgE BaTiO

3

FG PTCu��Ö×�=p\4 

��������

Ñ��C���ÒFG��>Ø BaTiO

3

� PTC

FG4Ù�nÚ BaCO

3

�TiO

2

�Y

2

O

3

! SiO

2

ÛÜ

Ba

1-x

Y

x

TiO

3

+1.86%SiO

2

0ÝÞ�ßà 4 há%D

x=1.1%�1.2%�1.4%�1.5%! 2.0%���âã+ä

å S1~S5æ�çèa� 74 µmé�ê 1100 ��� 2 h

ëì�X4ëìaí�ÛÜ 0.09%áw§��æ0Ý

îïð	+ 50%�Mn(NO

3

)

2

ñ���òßà 4 hçè�

� 74 µméaïó PVAô��£¢ 5 MPaõö÷èõ

X��ê 1300 ��� 2 hì��ì�aäåøù+Φ8.8 

mm×1.5 mm4úa�ìûü�ý���þ�©�4 

Ñ� X�����áXRD�Rigaku�D/Max-2400æ



¡2418¡                                           ¢�
£;<=D¤                                          � 47� 

©�äå�o������	
+ 2θ=15°~75°�}�

���7¤¹�áSEM�JEOL�JSM-7500Fæ
)ä

å�àa�m���£����ØI��áEDS�

Oxford�X-Max50æ�näåd��m�����4 

Ñ�- -�ÔHþ��á�D�?¦��ZW-A 

R/Tæþ�äå�--�ÔH�þ��		
+ 20~250 

����-��n�áAgilent�4294Aæþ�äå�

-���þ��.	
+ 40 Hz~100 MHz4 

������	
�

���������	
��
�

� 1 + 1300 �ì��½× Y ��FGäå�

XRD��4:�� PDF� á!"#PDF#05-0626æ

E0�A«�Täå���$%E����� BaTiO

3

&'(���)b«%*o����$4+� Y

3+

,

7¯-(89 pm).� Ba

2+

,7¯-(134 pm)�Y

3+

ý/I

X01�ó BaTiO

3

d234 Ba

2+

,7��X

Ba

1-x

Y

x

TiO

3

�ñ�

[12]

4 

+
þFGäå56���ÙFG;7�mê8

9�:àa�;�>ØX�mäå�%¹
����

2 �<4Ì�D/=>b�56 Y ��§�?ï�ä

åD�@�§ª¤A.4B&'�+� Y��T��

ì��ÓDd��CD�E�cFGäå�FGH�

HI Y ��§?ïJ�KÓ	aá2%æ�äåD�@

�§Lª¤?ï�B/I�+��§� Y��£½I

²³­�óJ BaTiO

3

d2D�6� Y /IMNn¢

deO�-PcFG�FG��FQ�@?ï4 

R��S�E�>Ø��mäå��Td�-de

-d�UlV EDS �����¨�� 3 �<4/=>

b�I Y,7��§WOX��� 3D S1! S4äå�

¢deO Y,7�Y§ª¤O�d�56��� XRD

o��n! SEM�m��
)�¨�/=Z+ÃX Y

,7�óJ BaTiO

3

d2�&'�[�d�564¿I

Y,7���§WMX��� 3D S5äå�¢deO 
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Fig.1  XRD patterns of the samples doped with 

different Y contents 
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Fig.2  SEM images of the samples of S1 (a), S4 (b) and S5 (c) 
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Fig.3  EDS spectra of the grain-boundary-grain region for the samples of S1 (a), S4 (b) and S5 (c) 
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Fig.4  Cole-Cole curves of the different samples at 40 Hz~ 

100 MHz 
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Fig.5  Grain resistance R
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 (a), grain boundary resistance R
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 (b) and 

total resistance R (c) of the different samples at room temperature 
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Fig.6  Resistance-temperature characteristics of different 

ceramic samples 
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Abstract: Y and Mn co-doped BaTiO

3

 ceramics were prepared by the conventional solid state reaction. The phases, microstructures and 

composition of the prepared samples were characterized by X-ray diffractometer, scanning electron microscope and energy dispersive 

spectrometer, respectively, and the electrical parameters were measured. Results show that the room temperature resistance of BaTiO

3

 

could be effectively decreased by Y doping. However, the excessive Y would segregate at the grain boundary, which weakens the positive 

temperature coefficient (PTC) effect of BaTiO

3

 ceramic, due to the interaction with Mn at the grain boundary. Through the coordinating 

behavior of grain and grain boundary, the PTC effect of BaTiO

3

 ceramic could be efficiently regulated.  

Key words: thermistor; doping; coordinating control; PTC effect 
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