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(1. ;839E7C5�CG�;83 150001; 2. <:=BD?G5�>A4�6F 641010)'  	 H#OPbyA� (B2O3) 6�;[>� (Ba1−xSrxTiO3, x=0 � 0.4 � 1) lX*;8�:o��:���9R_w+&����I)h�a/A�Mo���;[>�"�My<o*;8�:�h��9Rof&b��1CR c v a -�f�&b�h(" c/a f�y����rs a2c �f��a�R�A�;[>�+"�A�;[>�lXo+&��of�/�zXA�MM"�a/6���o�/�;[>v;[�+^?'f��rsh%Pd�+&��*
Æt�h�zX6���"�a/A�Mo���+&��|\1&�VhyA1� _�W1�Pby�;[>���9Roi.fL℄�o����p_t��G℄�r���h�?'pJ�Co(�d m T	;[>��Pby���9R�+&��*_wf	TB321 ��I�}	A

1 !�<℄?� [Ba1−xSrxTiO3, 0≤ x ≤1] M|7p+<9mY�d�0��DS�0�6Y�u��Q���yK)' Ba/SrH!#5�X7p��o��7S��DST'F���MZ%+pE�hm��p�37S [1∼4]. iM��7���K0x���SKMÆ%7S�hm#��<S�/pB��q�!A� B2O3 "m8�B���9W,md7��d� B2O3 +p&{u (} 450◦C)�� 800◦C `4aj�pn{�5&-�u7��� [5]. .MB�NKÆ�B��2q��j��a8Hx�,U�<℄?�#�Æ��dmYp��;q [6∼8], d�<℄?�#B�Nh(NN�Z��8mo��;5&-�7'F����2���S�Æ�' [8, 9] #p- �m�yD�L� B2O3 "mB�mYW,7��zp,#}%5q^�8H� (1) 8HW,j�QmYR�� (2) }�l��n8Hx�, (3) �-����#� B2O3 pj�;�<Us��x+a8Hx�,℄p
�m [6], �zM&�-<℄?����`U%8H^�x�,'��pj/s�q$p�m��b��
 2005–05–30, �U�`b��
2005–09–08hq�~
 L�,8UbD3o�-)lp
 Ka* (1976– ), t�0JI$>� E-mail: hrcheng26@yahoo.com.cn
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620 � p 5 Q C � 21 .!�QdzB�7�<℄?�mY�J%<uQdz<℄?�+<9�;p��;���o{36�Y��2DS���st (a2c) `x,'��pj/�
2 Lzj��^℄

Ba1−xSrxTiO3 "sn3V<^ (Ferro Corp., Penn Yan, NY, USA) �{ BaTiO3 T
SrTiO3 "�l�# (mol%) (1-x):x x�� B2O3 ��&N�!# (wt%) 0∼1.5 �-��#gm BaTiO3 T SrTiO3 {S"V�x�1I!!+� 99.8% � 1.5µm T 99.8% � 1.3µm. �FPp{S"�-)^��#��4�T^UTQd=���klV 24h; b[�lVgnpS���6�!WK���4��,� 24h; ,�[lV"m℄:J.J �K 100 n23znB�<℄?�"�`|MB�<℄?�"��! 10mm p.j#�FH8[���9 150MPa �s�Fnl (Y� 1∼2mm); �g�np`|�2{�� (1200∼ 1300◦C) #7� 1h, A�ZYT��ZY!+� 5 T 10◦C/min.7�[ORLf�1�`k�8m$!DE�r D/max-rB �.Ou X 9*M9\
(XRD) !�,�;�ONv	�Cu � Kα '9�Ni Z/~�D�F� 40kV, D�W� 40mA,!%O_ DS=1◦, RS=0.3mm, SS=1◦, 0gZ�� 5◦/min. 7* XRD �J~^�2DS��7�[mYk�Y� 0.8mm,  [ e�7�e�u`=O��;q (HP 4194A 63!�\). =O�� –60∼ +150◦C, =O�Y 1kHz, S*8R���3� 1∼ 5◦C. ��$�hp��z�,'���
3 ��ne$�|
3.1 �o} 1 MQdzB�<℄?�mY7�[p XRD 	}� 0∼0.75wt%B�gp<℄?�

| 1 PbyA� Ba1−xSrxTiO3 6�Z XRD |�
Fig. 1 XRD patterns of B2O3-doped Ba1−xSrxTiO3 sintered at 1300◦C

(a) x=0; (b) 0.75wt% B2O3
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3 
 J`)�q	;tPby�;[>���9Rw+&��oi. 621

(x=0) �L� 1300◦C 7�[� XRD }	41C?2l<u B2O3 n?Hx�,pM9$
(} 1(a)), 5qMB�N!<&8�gp4!Qdzj��k�^�smY#QdzNN=��>�ib0B�Np	�M9$��5p[�B�N,{D�/%<℄?�1C?2l�!,M9$�id<℄? / <℄�H!�b�5C?lM9$��i&[� (}
1(b)), �b x 	�,�;nX�, (x=0) 0H�, (x=0.4 T 1) K	�
3.2 a0voX�Y�|7p+<9��mYp BaTiO3 � SrTiO3 T CaTiO3 s�Æ?�!pdEH55�
ABO3. ,} 2(a) gI�� ABO3 7�;#� A yD�Mu���!�pB3, Ba2+ �
Ca2+ � Sr2+ s�iTQB3ZÆ�f6H�d� B yD�0���!�2pB3,
Ti4+ � Sn4+ � Zr4+ s�SsQ�fsps6���

| 2 U}j ABO3 o�1�:w�e|
Fig. 2 Lattice structure of ABO3 in paraelectric state and its sectional view

(a) Lattice structure; (b) Sectional view\�gp}UB�5`nQ�� ABO3 7�2#��! RA � RB T RO ��^�p`#B��
RA + RO = 21/2(RB + RO) (1)H (1) M/%-;��!�P,�pv	 (} 2(b)). �E��:#� A B3+=#QB35n52 B B3T2Z��Pw��fs# 6 4QB3,��T5[n[2���!g+=p�b�5mZ4g	p+�d3 t(z Goldschmidt tolerance factor) =*I�z�
RA + RO = 21/2(RB + RO)t (2)H (2) # t }5� 0.77∼1.10 ������Z��o�s#5�N��p+<97�;�j

t <0.77 D�;H<w97�;j t >1.1 D����C7nÆC7�; [10∼12]. B�x�(+<97�;��;pj/�T5m+�d3 t *I�~^# RA = (1− x)RBa + xRSr, �# RBa � RSr !+M����B3T���?B3�!�* 1 M!7Ss�#:xp}%xYpB3�!�5�zT�hxYB3�!,�X�<℄?�s��5`~^Q��\zB3M�d A n B ���+�d3!+M
t = 1.46 ∼1.54 T t=0.49, Æ4�12� 0.77∼1.10 ���,JzB3`�dp�H�-<℄?�������y-Qe��e+<9�;�d�zB3}℄25q`�dp�H^�s��#�
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622 � p 5 Q C � 21 .J 1 .	1D�S*k+%�Vx,At [12]

Table 1 Ionic radius of several elements in Ba1−xSrxTiO
[12]
3

Elements Ba2+ Sr2+ Ti4+ O2− B3+

Ionic radius/nm 0.160 0.144 0.061 0.132 0.02

3.3 sCP�* 2 6QP�B�<℄?��Tp�2DS�+�d3���6�Y (i�k{3��d�2�~^H� [1 −
4
3π(R3

A + R3
B + 3R3

O)/abc]×100%) `x�P,�Dp��� d1 T
d(�# d1 = 1

2b−RO, d = c− 2RA). \��DSw
�� x=0.4 D�℄�MH��;P�ÆT�b�f XRD �J~
MZ�p�Z��8Hp<℄?�p+�d3 t = 0.9991 ∼1.0554T1� 0.77∼1.10 ���Wi�(sgMp��p+<9�;�b0 x �p	��gp���
d1 T d 1szB3�!�`��stQe�i��p6�YgM	�p����� >18%,Æ�zB3�-��T�Pv	�!7Ss�#�ns A � B � O �pB3�!||szB3�!���o{36�5=��zB3`u��H�-<℄?���p95q�J 2 ÆR&.	1D�{KyVN�

Table 2 Some parameters of undoped Ba1−xSrxTiO3 materials

Ba1−xSrxTiO3 c/nm a = b/nm t d1/nm d/nm Cell void fraction/%

x=0 0.4033 0.3994 1.0554 0.074 0.093 18.2497

x=0.40 0.3965 0.3965 1.0329 0.070 0.097 18.6106

x=1.0 0.3905 0.3905 0.9991 0.063 0.100 19.4962

Note: The XRD standard card number for x=0, 0.40, 1.0 is 05-0626, 34-0411 and 05-0634 respectively

| 3 A�M� Ba1−xSrxTiO3 lX�1CRoi.
Fig. 3 Effect of B2O3 amount on c and a of

Ba1−xSrxTiO3

�P4>B�N�2DSpj/��2DS5`yK XRD S*~^�!\#&{~^P Ba1−xSrxTiO3(x=0�0.4 �1.0)#QdzB�N� 0.25 � 0.50 � 0.75wt%p�2DS�,} 3gI�/%<℄?��2DSbB�Np'dB�� Ba1−xSrxTiO3(x=0,zV<℄�) �L�b0B�Np	����2DS cw a �	��� c F$ > a, z)# c/a F$ >1;  Ba1−xSrxTiO3(x=0.4),bB�Np	����2DS a 	�� c�#���� a F$ > c p�z c/a F$ <1; Ba1−xSrxTiO3(x=1.0, zV<℄?), ��2DS a 	�� c �#��� a T c 5p'd2�Æ/%mY�`b0B�Np	� a IFX;pz	�� c p'd��ZFX;��8WiB�N�2DS�Epj/�
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3 
 J`)�q	;tPby�;[>���9Rw+&��oi. 623Æ}%<℄?�mY�b x p	���2DSi&�2�Æ,SM?B3p�!2s�B3p�!gÆ��Qe�b0B�Np	���2DSMpj/p (i'd2�dzB3�!X2), Wip4!zB3�-<℄?�p��o�5qMu��H^��pe[?p�Z3!��B�N/%2{<℄?� (x=0 � 0.4 � 1) )# c/a x��stpj/�,} 4 gI�#Æ/%7S�bB�N	�` �2DS c T a 2Mg�'d�iM)#'d1Mg�z��Wib0B�Np	��p)#�2� c )Qe� a );Ep�K��\} 4(b)#5`2Q�b0 x NNp	����st�Me2p�aZ%mY�b0B�Np	���st�[p{��ÆWizB3�-<℄?���#����q`u��H^��

| 4 A�M� Ba1−xSrxTiO3 0�lX("w��rsoi.
Fig. 4 Effect of B2O3 amount on c/a and cell volume of Ba1−xSrxTiO3

(a) c/a ratio; (b) Cell volume a2c} 5 M2 {��7�[<℄?�
(x=0.4) )# c/a x��st a2c pB��5��b07���pA0�)#1 <1 �[p	��iM��st#M�2p�Æ,SMd��b07���A0�<℄�w<℄?+�8HP�(s�gÆ��:Sp'd���sti&Qe�j T2qvRu8NpzxY�-�� [13,14]. iM$"zNu8���zB3�!�D2�?T�,_�dpj/|szpj/�
3.4 �H�[,JB�N�2DSpj/�K%j/lQ�fs#<TQ,Bp;EnFe�� Ti–O 8Hpuu3u(Tk'd�Æ�,'��4Thpg�k� | 5 6���� 0.75wt% B2O3 A�

Ba0.6Sr0.4TiO3 �19Roi.
Fig. 5 Effect of temperature on cell parameters of

0.75wt% B2O3-doped Ba0.6Sr0.4TiO3

1300◦C 7�[�B�N<℄?� (x=0.4) ,'��pj/�,} 6(a) gI�5���
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624 � p 5 Q C � 21 .B��mYp,'��} 3.5◦C, �B�[mYp,'��p0l 10◦C, 5�B�,'��gMpj/piM�b0B�Nn 0.25wt% 	� 1.5wt%, ,'����i&'d�5qzB3`�(�-��#�iÆ%�(qKXp)�,} 6(b) gI�B�N� 0.75wt%p<℄?� (x=0.4) �2{��7�[p,'���5��b07���pA0�,'��M+��up�Æ,SM?w���,_�dk�,'��p#�|sz�(�-��gÆp,'��pA0�

| 6 A�Mw6���� Ba0.6Sr0.4TiO3 lX+&��oi.
Fig. 6 Effect of B2O3 amount and sintering temperature on transition temperature of Ba0.6Sr0.4TiO3

(a) B2O3 amount; (b) Sintering temperature

| 7 �A�RA� Ba1−xSrxTiO3 lX+&��aG�o&bA�
Fig. 7 Effect of x value on transition temperature

for undoped and doped Ba1−xSrxTiO3 ceramics

dZ��b#J%PB�T�B�mY�TH!w,'��pB��,} 7gI��#�,'��S*8v4���*p��$��}#�*M*;rVn=�5��ONS**;rVXP�nlpB�T�B�mY�rVp�*�L!+MH
(3) T (4).

T = 125 − 302x (3)

T = 110 − 267x (4)4H# x M Ba1−xSrxTiO3 7S# x � (z<℄?NN�0≤ x ≤1), T M,'�� (◦C).B�T�B� Ba1−xSrxTiO3, <℄?�Z7Ss�p��0u��0~���'dZY!+M 3.02 � 2.67◦C/mol%. T&MW��\B�w&�? / �H!w,'�����^�Z%*;'dB� [15∼18]. nH!w,'��pB�H5`~
�B�mY� x=0 DMV<℄���,'��} 125◦C; b0<℄?a	� 1/100mol, �,'����u 3.02◦C; x=1.0 DMV<℄?�q~
�,'��M –177◦C. �B�mY� x=0 DMV<℄���,'��} 110◦C; b0<℄?a	
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3 
 J`)�q	;tPby�;[>���9Rw+&��oi. 625� 1/100mol, �,'����u 2.67◦C; x=1.0 DMV<℄?�q~
�,'��M –157◦C.�E�4�V<℄?T<℄�!+� –160 � 120◦C 7qp,'�?�Æ�[WiONS**;rVXP�#B�T�B�mYH!w,'��pB�5��B�[b x �p	��,'��0u��0~�pZ�& '_�iL��T{ZH! (z{Z x �) �B�#�B�[nszB3`u��H�-+<9����� c )�0Qe'_�k� Ti–O uu(Qe'h�\�,'��0u��0~�pZY�_�` T<℄?,#�QdzmYp,'��j/M�2p�iMÆ%'dFX;$"^��B�[,'��TFX;p'd��[�iP��#gMp���H^�pzxY�
4 n|

1. QdzB�<℄?�mY�ns<uQdzN�D8�� XRD !�C?2lQdzxQdzgÆpx�,M9$�<℄?�#�N{=p+<9�;�
2. <uQdz��:Spj/�+p c )Qe� a );Ep�Kb0B�Np	��}%<℄?�p��st1M	p�WizB3�E�-������qM`u��H^��
3. �\B�w&�<℄?�mYp,'��w? / �H!H*;B���B�[,'��pgA0�B���Ej/mYp,'��iMb0B�Np	�,'���i&'d�ÆWi`zB3�(�-���i��(qKp)b07���pA0���stQe�,'���u�Wi�w?�(k�p��Qe|szB3�-��gÆpst{��Mu��
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626 � p 5 Q C � 21 .
Effect of Doping B2O3 on Cell Parameters and Transition Temperature

of Ba1−xSrxTiO3 Ceramics

CHENG Hua-Rong1, ZHU Jing-Chuan1, JEON Jae-Ho2, LAI Zhong-Hong1

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;

2. Department of Materials Technology, Korea Institute of Machinery and Materials, Changwon 641-010,

Korea)

Abstract: The stability of perovskite structure, cell parameters and phase transition temperature

of sintered B2O3-doped Ba1−xSrxTiO3(x = 0 ∼1) ceramics were investigated. The results show

that, with dopant amount increasing, the perovskite structure is maintained but the cell parameters

are changed slightly. The c and a change irregularly, while c/a and cell volume (a2c) monotonously

decreases and increases respectively. The trasition temperature of doped Ba1−xSrxTiO3 will rise

a little, compared with that of undoped ones. With sintering temperature rising, transition tem-

perature decreases since cell volume contracts due to solutionizing of Ba and Sr (with the same

dopant content). But with dopant amount increasing, the transition temperature changes hardly

(with the same sintering temperature). It means that B2O3 does affect the cell parameters of

Ba1−xSrxTiO3, although the ionic radius of B3+ is very small; B3+ entered and stayed in the cell

in interstitial mode, but its solid solubility is very limited.

Key words Ba1−xSrxTiO3; B2O3; cell parameters; transition temperature


