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(�}�
����	�Æ����~����	�} 710049)t p�(1−x)BiScO3-xPbTiO3 ML (ke BS-PT) N x=64.0% ��SN*$QB��u:za?��ugtX��{
NN�{��.=\We86g}rA�r�\��m�� PbTiO3<9N 64.0%∼65.5% gtX��{��g.={�
16GZg-��x�4�C=;J��%�x+g BS-PT ML
V:~.=g�x+=:�AZ+I�s/_~}r��r�\g�
�|N x=64.5% g{�Snw
 BS-PT ML.=We;tX��{	gZg}8g�r�\
m3k�r98 d33 �V 500pC/N, y�.kx (Tc) Va; 438◦C, $�℄MvxAr`4 �$i 44µC/cm2 A 3.5 ���"R
tX��{��g BS-PT ML/*g86g�rQ\pAG p.=�* 6 ��BS-PT; tX��{�!�.kx��rMLwX"A/�TM282 ℄a�OD�A

1 qnFv�a)
L��tR℄q(�lyh&}J)J""l�t/>h��57op>j+%	K�3�O<�x*7h�'2�R℄q��&(�O 200∼300◦C hlyx�H[h PZT �tNMR℄qXwOU+lyx-�"<�!r!>j)℄(�O�tT,xh<t��
Bi(Me)O3-PbTiO3 Qv (MeY#Vh�7GB� Sc�In�Y�Yn�Fe�Gaj) 0+h	h"l�tQv1n"? 400◦Ch�!lyB97h�t�℄>j�8a�t/>��h	o 57O�<�jlyw"hO	x�;? (1−x)BiScO3-xPbTiO3 NM��w"h�/ly (n�!ly "W 430◦C 0�), ��7h PZT NM�/ly (365◦C) P&"� 100◦C; �z BS-PTNM'�=� PZT NM'Xh�t:9Bta5! (8_� BS-PTNMh�t:9j 460pC/N), 1��:1DO"lO	x�jR℄qh/> 5�57?>!�>R��Ljl�k&��D((-K [1]. (1−x)BiScO3-xPbTiO3 NMO x=64.0%��TOv+%uY��| [2∼4]. R.E. Eitel j
�4< BS-PT QvO x=63%∼65% [jop;C�	&�;{b�� [3]. �n0��OU+�|��h BS-PT NMh"l�tP�W;�NM�y,Æ>;Ah�t�� BS-PT NMOuY��|h~tB�t�℄~f�vD BS-PT �tNMOuY��|��h�℄9NTo�Q)LJ� 2005–08–08, Q�i%)LJ�2005–10–252<dF� 7g� 973 �L (2002CB613307); 7gx���Y� (50472052); vE,jn���W (03155){v5:� ��� (1980– ), Y�=.�Æ!� E-mail: fengqi@stu.xjtu.edu.cn
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1128 p [ . = � � 21 �
2 No.��TN�d:�q Bi2O3(Ky >99.0%),Sc2O3(>99.99%),PbO(>99.9%),TiO2(>99.0%) VD_�s=#N�|h�
,^D|U3e�T 1:3 hb:�h�.I0 150r/minhCy_(W|U 24h. q|UIh�>F�IO 750◦C x�� 2h. Mq|�Ih�>�P|U 24h. fbh�>h� 5% h PVA ;Æ)�"Ct��U&; 80 B 100 X�d*�5BUX�~? 0.12∼0.18mm[j�O!re�� 24h. >ÆO 400MPa�wxqP5��>℄�j 12mm, "j 10mm hHq�qHq%hO 500◦C x�l 2h. ~IqHqÆO#NE��e0P5��jr�q>O 1100◦C x�l�y 2h, y�,�_4l���y>MhHq%hx#>Hyj 1mm h�He^�"l2rt^O 850◦C x�l 30min,y�,�IafbH�h%h�)";Ae*76	�tB	'k�t)}�	&�BNM��y,Æ>h�5ly���yIh��NM*7 Rigaku D/MAX-2400 X��!�, (Cu Kα)�tnr�y,�07 JEOL JSM-5800�Qt�24%hh[-ÆJ�%hO 140◦C6<eh	^N 20min[6].*7 HP 4284Az��t,25O)YfFx#l;Ae%hh~t:9hlyP���^NwyF_t8!NhtdP�*7 AIXACCT )>"7h TF �t, 2000 FE ��25�%hhiO\t�Dv9 kp BHy\t�Dv9 kt 07�X - ��X�2:dEH7,qj Agilent 4294A z��t,�
3 7,0UC
3.1 BS-PT V_x&|��f�O��[u6y�Z�5h#NrVDr�6	�t0O)Xa}�	&�Æ

\ 1 (Xd�g BS-PT MLF�tg =5��s�~
Fig. 1 Differential thermal analysis graph of

original oxide mixtures with PbTiO3 content

x=60.0%, x=64.0%, x=67.0% before calcining

\ 2 0.36BiScO3-0.64PbTiO3 F��N(X��kxwg XRD \j
Fig. 2 X-ray diffraction analysis of

0.36BiScO3-0.64PbTiO3 powders calcined at

different temperatures>h�5ly�O℄ 1 e� PbTiO3 =:�%j 60.0% � 64.0% B 67.0% h#NrVDrE�O 308◦C (1�>e==h^�:^D�z (�zly >299◦C) 7"h+Æ	�
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5 l ���
i�tX��{ (MPB) �� BS-PT !k�rML� 1129O 575◦C ('7"<+%Æ	�C*}O�lyF�+�"<D>�	&�h.Æ�5�j"ZomO 575◦C ���#NrVDr����&��57r� X ��!��ty9m℄ 2. O 580 B 610◦C xD>h�>!���wf�OOlyx�	&�-�+Æ>�O 650 B 700◦C xh��7rÆ><0�	&�jpQ&==�:L�h�y,� 750◦C (-�D><�=\+�	&�h4���1O 750◦C 0+%D1h��ly���I�)Y��Toh7r�	'k�tm℄ 3. R4lb 340◦C,��7re==h;�Y�B^D�z3o<-�b:G'℄5)d�%h��b:G'�O 340∼810◦Chly~j[��7rhb:bJqG'�R 810◦C �+b 985◦C (%hb:=+%i�hG'W 4.6%. U01j#N
B#NshoO 800∼900◦C [jO��7r�yjNMy,h;Ae#NsB#N
hS�`a<b:hG'�O 1100◦C ;?�Kxh#Nr�+*S�b:G'Wb<~X^ 5.9%. 07�ZMdb;�)f2Dh/>NyB-HNyh�wm# 1. � 1 E �B
Table 1 Density test results

PbTiO3 fraction/% 64.0 64.5 65.0 65.5

Theoretic density/g·cm−3 7.730 7.734 7.736 7.738

Density/g·cm−3 7.501 7.512 7.524 7.532

Relative density/% 97.0 97.1 97.3 97.3

\ 3 0.355BiScO3-0.64PbTiO3 MLF��g�&i\j
Fig. 3 Thermal gravity analysis of

0.355BiScO3-0.64PbTiO3 calcined powder

\ 4 tX��{��ML$gg XRD \j
Fig. 4 X-ray diffraction analysis of sintered

samples with compositions near MPB

3.2 XRD #^1 SEM +�8-
Y. Shimojo, R.E. Eitel B C.A. Randall j
h��#S [2∼4], (1−x)BiScO3-xPbTiO3 ��NMO x=64.0% huY��|��=+%C�b��h�!�℄ 4 0�uY��|��h)Y|�NM%hh X ���t�℄ 5 {-<b%!��h�A;A�yD℄ 4 B 5  0�DO x=64.0%huY��|��Fv PbTiO3 =:hf�mQE <111> �[_

<100> � <110> � <200> � <210> � <211> j��+D}�A/>op���	&
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1130 p [ . = � � 21 �

\ 5  ����:� (a) <100> ��� (b) <110> ��� (c) < 111 > ��� (d) <200> ��
Fig. 5 Splitting process in different diffraction directions (a) <100>direction; (b) <110>direction;

(c) < 111 >direction; (d) <200>direction

\ 6 �Pr
13agze{\x+
Fig. 6 SEM photographs

(a) x=64.0%; (b) x=64.5%; (c) x=65.0%; (d) x=65.5%
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5 l ���
i�tX��{ (MPB) �� BS-PT !k�rML� 1131�;{UO℄ 5 e24f:jS{�O℄ 5 e� x=64.0%B x=64.5%8h|�h/>
<100> �B <110> � <200> ��>j8%$Nh�A� <111> �'>j$N�#SU8h|�hNM/>Æ><C�B��h*Ty,��� x=65.0% B x=65.5% 8h|�<100> j�-a��Aj:�&z <111>�)M$NO( BS-PTNM-;{bK��	&�y,����h)Y|�%hh�Qt� 0�D 1100◦C �y(h BS-PT NMOuY��|��hi��5BUj 2∼4µm, zO x ≤65.0% (F	Ds=:hQh�G=QX�
3.3 ;�1l�hH�P
3.3.1 ;�[I#^℄ 7(a) juY��|��h BS-PT NMh~t:9B~tG�O�!o��hlyP

\ 7 (a) � ��g}rkxO�� (b) #	gg}rkxO�
Fig. 7 (a) Dielectric property near phase transition point; (b) dielectric property under broad

temperaure range���25fFj 10kHz. ;℄ 0�D^ x >64.0% ( Tc >433◦C, zF	Ds=:hQh��QX�UD R.E. Eitel j
h��y9+a [5]. �? x=64.0%∼65.5% h�h%hO 10kHz 25fFxh�/ly
(Tc)�%j 433�438�439�441◦C.4lb
600◦C '$ly[h~tlkm℄ 7(b). OUt�b<t�h�!lyo�~t:9Wb<~X^� x=64.5% h25%h�^ W 28000. �uY��|��h BS-PTNMn~tG�'#}DE?hlyov��3��?|�j x=64.5%h%ĥ />F?Ut�( 30◦C lyx~tG�j
0.010, 300◦C (j 0.007(10kHz).

\ 8 �r98Bkxg/u
Fig. 8 Relationship between piezoelectric con-

stant and temperature

3.3.2 l�hH^NIh%hO4lx*N 72hI25t�℄�)Y|�h/>R4l (30◦C) b 300◦C"l
h[�t:9Flyh!N{'m℄ 8.  0�D|�OuY��|��h BS-PTNM/>O 30∼300◦C hw$ly
h[/>h�t:9Flyh#"�?�A��
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1132 p [ . = � � 21 �QX��?�|��h (1−x)BiScO3-xPbTiO3 NM^|�j x=64.5% (�t:9 d33 D}~X^4lxn^ Wb 500pC/N, U&"?8_�h9^ (460pC/N) I 10%[1]. uY��|��h BS-PT NM/>�=7?hUt��℄ 9 j	Dsh=:�%j 64.5% �
65.0% � 65.5% h%hO4lx25fbh\ntdU��R℄e 0�D^N%hh%A^NwyF	Ds=:hQX�l�u`8wF	Ds=:hQX�QX�^ x=64.5%(%A^Nwy W 44µC/cm2, u`8wj 26kV/cm. Y+%hh5!Dt8h0v�R�ph:^Ut�0P�#}D�℄ 10 H-h�<�Ku����O(/>hta5!Wb< 3.5 �"?8_�I 1.5 � [1].� 2 BS-PT S��j�gGs PZT 3KR4yMr'Yj�S��! [1]

Table 2 Comparison of piezoelectric properties between BS-PT and PZT and other several

commercial high-temperature piezoelectric ceramics

Composition Phase Tc/
◦C KT

33 d33 kp kt

USA Navy type II(PZT) Perovskite 365 1700 374 0.60 0.52

Pb(Zr, Ti)O3 undoped Perovskite 386 730 223 0.53 0.37

(Ba,Pb)Nb2O6 Tungsten bronze 400 300 85 0.38 0.40

Na0.5Bi4.5Ti4O15 Bismuth-layer ∼600 140 18 0.02 0.56

LiNbO3 Corundum 1150 25 6 — 0.49

BiScO3PbTiO3(x=64.0%)[1] Perovskite(MPB) 450 2010 460 0.56

Our Study

BiScO3PbTiO3(x=64.0%) Perovskite(MPB) 433 1320 424 0.56 0.69

BiScO3PbTiO3(x=64.5%) Perovskite(MPB) 438 1740 500 0.59 0.70

BiScO3PbTiO3(x=65.0%) Perovskite(tetragonal) 439 1670 439 0.56 0.71

BiScO3PbTiO3(x=65.5%) Perovskite(tetragonal) 441 1540 382 0.51 0.69

\ 9 (X{�$gN3kwg[mrT~
Fig. 9 Single hysteresis loop of different sam-

ples under room temperature

\ 10 x=64.5% $ggr`4 �~
Fig. 10 Electric-reduced strain loop where

x=64.5%07�X - ��X�25dE<^N%hhi�\t�Dv9 kp B kt, y9m# 2. #eY(?D< BS-PT �tNMhnIb�p&�℄19&Dbh�7�tNM`8_�
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5 l ���
i�tX��{ (MPB) �� BS-PT !k�rML� 1133

BS-PT �tNMh���R��w� 0�Dbh�7�tNMh~t�t�℄Fv/>�/lyh#"�sk� BS-PT NMO"lTox�#}D7?h~t�t�℄�
4 7C27.��5�D><uY��|��h (1−x)BiScO3-xPbTiO3 NM��< x=64.0%h�|�� BS-PT NM/>h&��℄�}�/>O PbTiO3 =:j 64.5mol% (℄Wb~"h�t�℄n4lxh�t:9 d33  W 500pC/N, ;;8_�9^I 10%. OuY��|Tox/>h�!ly W 440◦C �>��j�t/>Jh&��℄19'wWbX;;Xu28�hY+/>��7 PZT NMj��j+h	�"l�tNM/>
BS-PT NM=v5(h57u���?\`
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High Temperature Piezoelectric Ceramics (1−x)BiScO3-xPbTiO3 Near

the Morphotropic Phase Boundary (MPB)

FENG Ya-Jun, XU Zhuo, LI Zhen-Rong, ZHANG Lin, YAO Xi

(Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education, Xi’an Jiaotong

University, Xi’an 710049, China)

Abstract: (1−x)BiScO3-xPbTiO3 (BS-PT) ceramics exhibits excellent dielectric and piezoelec-

tric properties in the vicinity of the morphotropic phase boundary (x=64.0% mol fraction PbTiO3),

which separates the rhombohedral phase from tetragonal phase. In our study, the pure perovskite

BS-PT ceramics was obtained with compositions near the MPB for x varying from 64.0% to 65.5%

using traditional solid state reaction. The perovskite phase formation process and microstructure

were investigated and also the dielectric and piezoelectric properties were studied. The results show

that BS-PT ceramics with x=64.5% has an optimized piezoelectric characterization, its piezoelec-

tric coefficient d33 can reach to as high as 500 pC/N at room temperature, the Curie temperature

(Tc) can reach to 438◦C, with the remnant polarization Pr=44µC/cm2, electrical field reduced

strain 3.5 �Æ Our research results show that the BS-PT ceramics with the compositions near

the morphotropic phase boundary is a good candidate material for the piezoelectric actuator and

transducers.

Key words BS-PT; morphotropic phase boundary; high Curie temperature; piezoelectric ceramics


