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940 � 9 , � 1 � 21 h
Nb2O5 (J*� BSTN) #��1� x=0.1 � 0.2 � 0.3 � 0.4 & 0.5. P#'�GB�^EC�he`{E�
�7��4' 12h, �j+h 1100◦C �_F 2h, ;+�fGB�^EC�h��7��7� 8h, �j+GBeE�C^?>7�i{�h 200MPa 4}��49w` 15mm, *k 1.5mm [$(�h��	��[ 1250◦C ��F 4h �9kG;*�S Rigaku

D/Max–2400+ X H 9HC (Cu Æ Kα  �&6 0.15405nm,*r 0.02◦, D�bk 4◦·min−1)m;*["�9[.1V�S=�d
�_ JSM-5610LV+D�d
��_m;*[��-�[.x��
3 6.1D;| 1T (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 r��)w Sr/Ba�kG;*[ XRD|-�V| 1 nM��;*j� BST(Nb) & SBN(Ti) �"�K[}"kG�L� BST(Nb) & SBN(Ti)

{ 1 (v Sr/Ba �Z (1−x)BaO·xSrO·0.7TiO2·

0.3Nb2O5 jF:)Z XRD {,
Fig. 1 XRD patterns of (1−x)BaO·xSrO·

0.7TiO2·0.3Nb2O5 composite ceramics

x=0.1, 0.2, 0.3, 0.4, 0.5, sintered at 1250◦C for 4h

{ 2 (v Sr/Ba �Z (1−x)BaO·xSrO·0.7TiO2·

0.3Nb2O5 jF:)g 2θ � 28◦

∼ 43◦ s�Z
XRD {
Fig. 2 XRD patterns of (1−x)BaO·xSrO·

0.7TiO2·0.3Nb2O5 composite ceramics between

28◦ and 43◦ in 2θ�"[�f�K�Tu!q�r�� TiO2 5 Nb2O5 "m!MpP�[ [2], �� Sr/Ba ��)3�� TiO2 5 Nb2O5 [!M��LHm�"�f�K)3L��[P$�| 2 �kG;*h 2θ � 28◦ ∼ 43◦ t�[wP XRD |-�V| 2 nM�}"kG���t"[9Hz�
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4 . �Æ1�\�|!jF BSTN Z!�8%��W�\ Sr/Ba �Z�� 941A BST(111)z�V x I 0 �.X 0.5 O��O&�Rk�B�p�5y"[z�A SBN(530)z�8�E)3L�B�q"��g� Sr/Ba �lP�}"kG BSTN ��5y"[^
5℄8�)��p��t"[^
5℄�OL(�k
X Sr2+ �` <Ba2+ �`�hFY"����t"� Sr2+ [�?�gr� Sr/Ba �[lPplG�p Ba2+ [�?�k"NQ_�wx��5y"[ XRD z)g x 3L�B�krQ� Ba2+ & Sr2+ h�5y"�[�?8�E)gr� Sr/Ba [��p�.�PDE�q℄�"�K=�"[�?k2K"��Av��h��t"X��� Ba2+ & Sr2+ hmf[�}~9"w�j� A ��ph�5y"X��� Ba2+ & Sr2+ mf[�}ÆX2K� Ba2+ U�mf A2 I��}� Sr2+ kmf A1 5wOmf A1 & A2 �} [1]; �Av����t"� Sr2+ & Ba2+ nF~0}0-9~0�?r [12], pm[�5y"�DX[7
"��`v�5yX�[ SrxBa1−xNb2O6XAf[�?k���h 0.25≤ x ≤0.75 t� [1], J> Sr/Ba �Nh 0.3333∼3 vI�k
X}"r� (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 �[�5y"℄E SrxBa1−xNb2O6 �5y"[�<X�nrA{�LH�}"r��[�5y"=N�KhA��?kt��V[�?k)w�"mp8� Ba2+ & Sr2+ h��t"�[�?<�h�5y"��I�fk�V��gX)w�? }["BhwA}'r��O��?kP[A"W�"��P[�? }�p�A"kn )qL}0�=>��
Sr/Ba �O���t"�"��P[}0��p�5y"kn <(�LpV��r�[ xyO� Sr2+ �<"��h��t"�m Ba2+[}0�ph�5y"�[}0�U(�VHnM�h}"r���V�K[�"�? })w%hn -9�?r[6u���?kP[A"PU�0℄}0�pH��A"[�?���t&�5y�"�KO���t"�
Ba2+ & Sr2+ [}0�
bP[h�5y"�
Ba2+ & Sr2+ I[}0��5y"�[ Sr/Ba8��<)��I��Ex��sTV[}"r���5y"[ Sr/Ba��<8�)�[�A)fy�if���t"^
5℄g Sr/Ba��.[���

{ 3 (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 jF:)��?-��s!%Æ4x!"�f xxZ�-��{
Fig. 3 Normalized content of both perovskite

phase and tungsten bronze phase as a function

of x value in (1−x)BaO·xSrO·0.7TiO2·

0.3Nb2O5 composite ceramic system}"r� (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 ��5y"[ Sr/Ba��<8�)�qA�?n
�m�K�"["m#�=3L�S�I| 2nM�g� xylP���t"[9Hz3k�OQ_�p�5y"[zk�Ol��V x� 0.3O�(1−x)BaO·xSrO· 0.7TiO2·0.3Nb2O5}'r����t"&�5y"[#�d�m 50mol%[2], fH�x#F�;*[�5y"
(410) &��t" (111)XRD 9Hzz3Q" 50mol% �8��\aCe1i x y[}'r���"[^r#��X A| 3 hR�V| 3 nM�g� x ylP���t"[#��OQ_�p�5y"[#�k�Ol��PDE�q℄}"r���")w[�?n
X
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942 � 9 , � 1 � 21 h��V[}"r��[�5y"KhA"m�f[ Sr/Ba ��V#v[ x yU_O�r�� SrO [#�U_�1+j[ Sr/Ba �_[}"r���5y"[ Sr/Ba ��qO�5y"[L9�V[Z SrO #�[��pUG�XÆn[ BaO & Nb2O5 0℄��t"�?r[-9�{Q��t"[#�U��g� x lP�r�� SrO #�lG� SrO PX'Un[ BaO & Nb2O5 -9�5y"%Q1#�lG�pS[-9��t"[ BaO �k"NLG�IpQ��t"#�Q_��v�hh7
[}"r���Z�5y"�)f Sr/Ba �[P$�g� SrO #�lG���t"#��Qp�5y"lG�

{ 4 (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 |!jF:)Z SEM n'
Fig. 4 Microstructures of the (1−x)BaO·

xSrO·0.7TiO2·0.3Nb2O5 composite ceramics

x=(a) 0.1, (b) 0.2, (c) 0.3, (d) 0.4 and (e) 0.5, sin-

tered at 1250◦C for 4h}"r���5y" Sr/Ba��<8�)�[�?n
�m1��X�w;3LP$�| 4 �)w Sr/Ba �[ BSTN kG;*[ SEM o(�V| 4 nM�g� x lP�n#Th
x ≤0.4 O���t"[^{>M��L(�p�5y"[^{>M�.)P��}�}"kG[{�kg� Sr/Ba �lP�OQ_�
f7
�Y [8,13], RA"��t Ba1−xSrxTiO3&RA"�5y SrxBa1−xNb2O6 [^rL6b
�jg x ylPpQ_�V2�[l�nt�Vr�[ x y�.O� (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 }"r���5y"[ Sr/Ba
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4 . �Æ1�\�|!jF BSTN Z!�8%��W�\ Sr/Ba �Z�� 943��<8�)��rQh��-�E1^rL6)Zr� x y�.[P$�hF^r>M�.)P�pm[��t"�1 Sr/Ba �gr� x ylPpp��LH1^rL6b
g xylPpQ_�"��^r>M[L(�sTV[��t"L6b
[Q_�) ?xs?�5y"P^{I[o��Q}"kG[{�kQ_��Eh[�(1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 r��`�-9[ BST(Nb)/SBN(Ti) }"kG�[�5y"gXA\a)f[ Sr/Ba��qA�?n
if�}"kG[�9�X�&-�^�u!P}"kG℄RA"m�[A*x��| 5T}"kG�[��t"℄gX"w Sr/Ba �[E��t Ba1−xSrxTiO3[ XRD �U|�V| 5 nM�h x U(O�2p[
XRD 9HzB[_Rk�}�g� x lP�OV\E��t"[z��z x=0.4 O��pz�"^�flP x z 0.5, k}'"���t"[z�E0&�Rk�B�%7!E��t"�PDE�V x yU(O�>r�[ Sr/Ba�([�5y"�X[ Sr/Ba�O�V[r�� SrO [#�U_�h�<�5y"[ Sr/Ba �)�[6u����t"��?[ Sr2+[�"mUG���t"PD[ Sr/Ba �_[r�IC[ Sr/Ba ��IpQ}"r����t"[^
5℄P["w x y[E��t BST [^
5℄�=>1 XRD 9Hz℄E��t BST [9Hz�UB[Æ_Rk��Av��V x U(O�Z SrO #�U_[����5y"[#�=U_ (A| 3 hR),IpQÆn[ Nb �?X��t"��q=TW{}"r����t"^
5℄�"w x y[E��t
BST [^
5℄P[A�`L�g�r�� SrO [#��Oln���t"��?[ Sr2+ [�lG�wO�V[�5y"#�[lG���t"��?[
Nb [�Q_�IpQ��t"[^
5℄L(�%

{ 5 BSTN |!jF�Z��s!%Æ4x!mWZ XRDy\!MD��s
BST %Æ4x SBN Z XRD yZ�T
Fig. 5 Comparison of the XRD patterns

of perovskite phase in (1−x)BaO·xSrO·

0.7TiO2·0.3Nb2O5

(BSTN) composite ceramics with pure

(1−x)BaO·xSrO·TiO2(BST) for the

same x value�OV\Kz_[E��t BST "[^
5℄�=> BSTN �[��t"[ XRD 9Hz��OV\[5�[E��t BST ["Nz��(���A| 5 hR�h x=0.4 O��p[z�"^�nM�qO}"r����t"[ Sr/Ba �℄E��t"�["w�=>r�� SrO & BaO [#�wO=�$���5y"�?k[<8�r�[ Sr/Ba �℄�5y"[ Sr/Ba �&��t"[ Sr/Ba �Cp"^�hF}'r���5y"��f�<[ Sr/Ba
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944 � 9 , � 1 � 21 h�dh 0.4/0.6, > Sr/Ba �d� 0.6667.

4 6;��}"r� (1−x)BaO·xSrO·0.7TiO2·0.3Nb2O5 [ Sr/Ba�y�)3�� TiO2 �Nb2O5F= (BaO+SrO) [!M��m�5y&��t�"�f�K�XP$�ZwAr���")w�? }[P$���t"� Ba2+ & Sr2+ vI[}0�
bP[h�5y"�[}0�Vr�[ Sr/Ba �hAft���.O���t"� Sr2+ & Ba2+ vI[}0�gv���p�5y"�[ Sr/Ba ��<hd 0.667 8�)��Z�5y"gX"m:f Sr/Ba �[�S�q�r�[ Sr/Ba �&w�:fy���t"[^
5℄&^"#�"NP&w �y�p�5y"[^
5℄k8�)��T1^"#�g����w;V[�5y"gX:f Sr/Ba �[�S�p� Sr/Ba ���5y"[^{>M�.)P�p��t"[^{>ML(�%Q}"kG[{�kQ_�h�"�K[}"r���V�K�"hn -9�?rT1�? })wO��?kP[A"PU�0℄}0�%H��A"[�?� 9GJ
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Relationship of Composition and Microstructure to Sr/Ba Ratio of

BSTN Composite Ceramics

ZHOU Zong-Hui1, CHENG Xin1, DU Pi-Yi2

(1. School of Materials Science and Engineering, Jinan University, Jinan 250022, China; 2. State Key Lab

of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

Abstract: In our previous work, the BSTN composite ceramics in which two phases of the

perovskite (BST) and the tungsten bronze (SBN) coexist were successfully prepared in situ by

controlling excess components in BaO-SrO-TiO2-Nb2O5 system. What the formation, microstruc-

ture and properties of BST and SBN mainly depend on Sr/Ba ratio is well known. The Sr/Ba
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4 . �Æ1�\�|!jF BSTN Z!�8%��W�\ Sr/Ba �Z�� 945

ratio may affect the structure and properties of the composite ceramics, too. In this paper, the

effects of Sr/Ba ratio on the phase composition and microstructure of the composite ceramics were

investigated in detail. X-ray diffractometry (XRD) and scanning electron microscope (SEM) were

used to characterize the phase composition and microstructure of the composite ceramics. The

results show that the Sr/Ba ratio increases in the perovskite phase and keeps almost constant in

the tungsten bronze phase with increasing the content of strontium in the two-phase-coexistence

composite BSTN system. The constant Sr/Ba ratio in the tungsten bronze phase is about 0.667.

The crystal lattices of the perovskite phase in composite system are larger or smaller respectively

than them in pure (1−x)BaO·xSrO·TiO2 system when the Sr/Ba ratio is respectively <0.667 or

>0.667. The crystal lattices of the perovskite phase in both systems show the same crystal lattices

when the Sr/Ba ratio is 0.667. Affected by the ratio of Sr/Ba required in the tungsten bronze

phase in the composite system, the contents of the perovskite phase decreases while the tungsten

bronze phase increases with increasing ratio of Sr/Ba. For the same reason, the average grain size

of the perovskite phase and the density of the composite ceramics decrease as the ratio of Sr/Ba

increases. If the substitution of ions can take place both in the two phases in a composite system

with two phases, the substitution will take place first in the phase with higher solubility of ions

while it will be restrained in the other phase.

Key words BSTN composite ceramics; Sr/Ba ratio; phase composition; microstructure


