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æ^DÚ>b�(ó²¤õ��Ñ#.�c>Ø>EÜ>b SrTiO3-Bi12TiO20 (ST-BT), |^�>f�vEâ,

é ST-BT EÜ>b�(L§?1
ïÄ, ?Ø
�(L§¥á�SÜ�"�CzA�, �Ñ
�(§ÝéTEÜ>
b(¬ÝÚ"�(��K�. uy�(§Ý3 860—940◦C, �(�m� 3 h �¢�^�e, ST-BT EÜ>b®ªu
½, Ñy
�þ�ü� ."�. �(§Ý�L 980◦C òÚå Bi12TiO20 ���þ©), ,��ÑyE¤"��à
8, /¤�ºÝ���É. ¢�(JL², �(§Ý3 920—940 ◦C ��(^�e, ST-BT EÜ>b�(�A59Ø
>5UþLyÑ�Ð�½5.
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1 Ú ó

�c>Ø>á� [1−5] duØ�3Øp§Ý,

3p§+�A^¥É�
2��'5, ���p
§Ø>á�A^uÊUÊ�!ØU!�hzó!
/�t&�NõAÏ+�. Langasite (La3Ga5SiO14)

�ü¬p§Ø>á� [1−3] ±9 AlN �����
p§Ø>á� [4,5] �)�ó²E,, d�4Ù[
B, Ïdæ^ÊÏ�(ó²��õ¬�c>Ø>
>b, äk��ïÄÚA^d�. C�c5, D
Ú�(Eâ���c>Ø>>b3nØÚ¢�þ
��
�~2��ïÄ. nØó�L², ù«�c
>Ø>>b�Ø>55guá�SÜAå�Øþ
!©Ù, ò��ÚåACFÝ�)L>�A [6,7].

¢��¡, Zhu � [8] Ú Fu � [9,10] ��
<E(
� Ba0.67Sr0.33TiO3-ÄEÜ>b�Ø>Xê d33 p

u 6. Zhao � [11,12] ��
 Na0.5Bi0.5TiO3 ÄEÜ
>b±9B�EÜ>b (Na0.5Bi0.5)0.94Ba0.06TiO3-

Bi12TiO20 �É~Ø>5.

EÜ>b SrTiO3-Bi12TiO20 (ST-BT) ´�«æ
^DÚ�(ó²���#.�c>Ø>>b, §d
ìÀ�Æë²[��k��¿Çk�Ñ
ÙÔ�
(�9Ø>A5. ��`5, >b�(�A5!"
�A�!>f(��Ñ´K�>b5U�Ì�Ï
�. �
¢y ST-BT EÜ>b3p§Ø>+��A
^, I�ÏLN�|©!U?�(ó²���¦Ù
5UØäJp, �I��\ïÄá��(�A5!
"�A���(ó²�'X, ±��á���O9
��. �>f�vEâÏÙé�Ná�SÜ(�"
�!>f(�±9�C�¯a5, 3�Ná�ïÄ
¥u�X�5����^. ò�>f�vEâ
Ú\>bá��"�ïÄ, ®¼�Nõk¿Â�ï
Ä¤J [13−15]. �©��ÏL�>f�vEâ, (
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Ü X ��û� (XRD) Ú×£>fw�º (SEM) (
�©ÛéEÜ>b ST-BT �(ó²�6'X�ï
Ä(J, �Ñ
 ST-BT >b�¬N(�!"�a.
ÚßÝ��(§Ý�m�'X.

2 �¬O�Ú¢��Y

2.1 �¬���

�¢�¤æ^�¬�ÜdìÀ�Æë²[ï
Ä|Jø: ST-BT EÜ>b�¬æ^DÚ���
�AEâ��, ¢��¬©�ü|, ¤^��þ�
XÝ 99.9%� Bi2O3, TiO2 Ú SrCO3, U|¤°(¡
þ. ��²¥� 12 h ¿©·Ü�, óZ¿ý� 3 h.

2g¥�!óZ��®�\\�þkÅÊÜJØ
�¤�»� 15 mm, þÝ 1 mm ��¡. �¡²ü
�?n�, 3 860—980 ◦C ��(§Ý��Sæ^
ØÓ�§Ý�( 3 h, ,��¬e%�¿§, ^uï
Ä ST-BT EÜ>b�(�A5Ú"�ßÝé�(
§Ý��6'X (��§ÝCz 20◦, � 7 ��¬,

��L 1). ¤k�¬^[ß���L¡�z�, ¿
òL¡^Ë°�WZÀ.

L 1 �¬&E

�¬?Ò �(§Ý/◦C �(�m/h �»/mm þÝ/mm

S1 860 3 13.20 0.98

S2 880 3 13.14 0.98

S3 900 3 13.06 0.96

S4 920 3 13.04 0.96

S5 940 3 13.00 0.96

S6 960 3 12.96 0.94

S7 980 3 12.90 0.94

2.2 �¬�(�ÿþ

�¬(�©Û3 RD Ú SEM þ?1. XRD

Ì æ ^ ¥ I � Æ E â � Æ ( � ÿ Á ¥ % � X’

PERT PRO . X ��û�¤ÿÁ, ¤ì��+Ø
� 60 kV, ��+6� 55 mA, X �� (Cu Kα) �Å
�� 0.1542 nm, ×£�� 20◦—70◦. SEM ÿþæ
^¥I�ÆEâ�Æá�X� JSM-6390LA .×
£>fw�º, ¤ì\�>Ø 0.5—30 kV, å6r
Ý 1 pA—1 µA.

2.3 �>f�vÆ·Ìÿþ

�>f�vÆ·Ìÿþæ^ ORTEC úi)�
�¯¯ÎÜÆ·XÚ, 30 µCi � 22Na ^ Kapton

��µ��uü��¬�m, = “�¬--�¬” �
n²£ª(�. æ^��ðcN&Þ, Ì¤��m
©FÇ (FWHM) `u 220 ps, �° 24.7 ps, �
�
yv
�ÚO°Ý, �ÌoOê�� 2×106. ²
?��Æ·Ìæ^ LIFETIME9 §S [16] ?1õÆ
·¤©êâ?n.

3 ¢�(J�?Ø

3.1 �¬(�©Û

é � ¬ ? 1 XRD Ô � © Û, Ù û � Ì X
ã 1 ¤«. lã¥�±é�Ù/w� SrTiO3 �
Ú Bi12TiO20 ��û�¸. 3 960 ◦C ±e��¬
¥ (S1—S6), XRD (Jw«Ô�Ä�vkCz, =
=´¬� Bi12TiO20 �¸r3 920 ◦C ±þu)

²w�O�. Ó�, vkuy²w�¸£, ù`²
¬â�º�vku)���Cz. ÏL�¬ S7

(980 ◦C �() � XRD Ìã� PDF IOk¡�'
�, uy Bi12TiO20 ��û�¸:ìeü, Ó�Ñy

 Bi2O3 ��û�¸. ù`²�(§ÝLp, Ñy

 Bi12TiO20 ��)N.

|^ SEM é�¬�L¡/m?1
ÿþ, ã 2

�Ñ
ØÓ�(§Ýe (S1, S3, S5, S7) �¬�L¡
/m, ã 2(e) � S5 �¬ 20000 ����/mã, w
«¬âº��æ��þ?. �±w�, ST-BT EÜ
>bé�(§Ý�Cz��¯a, 860 ◦C �(��
¬ (S1) ¬âu�Ø�����Ý��, �X�(§
Ý�,p, �¬�¬âªuþ!Ú��. ��(§
Ý,p� 940 ◦C, ¬âu�'�Ð, ¬âº�3z
B�þ?, í�Ç��é�$. UYO\�(§Ý,

ÑyL�(y�, ¬.C��
, Ñy�õ���
¦¬â�pÅÜ3�å. ©Û�Ï, 980 ◦C �(�,

�����uE¤ Bi12TiO20 ��)N, Ó��þ
��Ñy¿/¤Àæ�, ù
Àæ�Úí���3
ü$
�¬���Ý.

3.2 �>fÆ·ÿþ(J9©Û

¢�����>fÆ·Ìæ^ LIFETIME9 §
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ã 1 ØÓ�(§Ýe ST-BT EÜ>b�¬� XRD û�ã

S?1nÆ·[Ü, �Ø¤©Ú�.�, ���
>f�vA�ëê. Ù¥, duÿþÌ�1nÆ
· τ3 ÚrÝ I3 ©O3 2 ns Ú 0.5%�m, Ì��
N
�>f3�¬L¡��v1�, ùp�ÑÙ

K�. Ïd, ò1�Æ·¤©Ú1�Æ·¤©�r
Ý (= I1 Ú I2) ?18�z, ��
XL 2 ¤«�
�>fÆ·ëê. L¥, τ1 Ú τ2 ©OL«�>f�
v�áÆ·¤©Ú�Æ·¤©, I1 Ú I2 ©O�Ù
�érÝ; ÄNÆ· τb Ú²þÆ· τave �O�ú
ªXe¤« [17]:

τave = τ1I1 + τ2I2, (1)

1/τb = I1/τ2 + I2/τ1. (2)

�â��Ð¼�., áÆ·¤© τ1 ´�>f3õ
¬N¥gd���vÆ·, §Ì��Ná�¥¬N
��(���vA5; �Æ·¤© τ2 ´�>f
3á�¥"����vÆ·, §´á�¥�«"�
Å�X¬.!� !� ì��¯aþ. õ¬>b
N�1�Æ·Ì�5uü��¡: Ù�´¬.å
P�, =L¡"� ("�º���); Ùg´� "
��Ð¼, =N"� ("�º���).

ã 2 ØÓ�(§Ýe ST-BT EÜ>b�¬� SEM ã (a) �¬ S1; (b) �¬ S3; (c) �¬ S5; (d) �¬ S7; (e) �¬ S5 � 20000

���/mã

�â�>fnØ, �\¬NS��>fok�
½VÇ*Ñ�¬âL¡�¬.¤åP, 3õ¬>
b¥, �3�þ�¬., ÏdI��Ä¬.åP�

��z. Hautojarvi � [18] nØO���õ¬N.
¡��v��>fÆ· τs ≈ 500 ps. Brandt í��
>f3L¡?�v�úª, ¿dd��Ù�vrÝ
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Is � [19,20]

Is = 1 − exp[−(3.3/R)(0.1D+/(λf − λS + K))1/2

× (1 − λS/λf )], (3)

Ù¥, D+ ��>f*ÑXê, 3~§eéuõ¬
>b5`� 0.01 cm2/s; R/µm �¬â�», �â
ã 2(e) ¤«, ¬â�»� 0.5 µm; æ^�¬ S5 ��

>f¢�êâ?1��:

"�Ð¼ÇK =
I2

I1
(1/τb − 1/τ2) ≈ 2.15(ns)−1,

(4)

gd��vÇλf = 1/τb ≈ 4.48(ns)−1, (5)

.¡��vÇλs = 1/τs ≈ 2(ns)−1. (6)

L 2 �¬ S1—S7 �>f�vÆ·Ì�A5ëê

τ1/ps I1/% τ2/ps I2/% τave/ps τb/ps τ2/τb

S1 (860) 147 11.7 243.6 88.3 232.2978 226.2079 1.076886

S2 (880) 137 9.6 242.3 90.4 232.1912 225.65 1.073787

S3 (900) 139 7.1 240.1 92.9 232.9219 228.3099 1.051641

S4 (920) 152 14.5 247 85.5 233.225 226.4756 1.044082

S5 (940) 152 19.1 251 80.9 232.091 223.2299 1.124401

S6 (960) 192.9 52.5 284.4 47.5 236.3625 227.6971 1.249028

S7 (980) 223.7 90.5 453 9.5 245.4835 235.0005 1.927655

²O�, ¬.åP��vrÝ Is � 5%, 'å
L 2 ¥� I2 ����õ. ù`²¬â>.é�>
f�vA5�K�´g��, Æ·Ì¥ τ2 ¤©¿
�Ì�5gu¬â>.. ,du Ti4+ �[£¹
zU��,  Sr2+, Bi3+, O2− �[£¹zU��,

N´/¤ VSr, VBi Ú VO. �âÐ¼��>fÆ·
¢��ä� ���, dnØO�Ú¢�o(, �
äIOXL 3 ¤« [18]. (Jw«, �¬ S1—S5 (�
(§Ý3 860—940 ◦C �m) ±ü� ."�ÓÌ.

��(§Ý,� 960 ◦C (S6), Ü©ü� "�5Ü
/¤V� "�. UY,p�(§Ý (S7), �¬¥
ÓÌ��"�a.��º��� ìÚ��É.

L 3 Ð¼��>fÆ·¢��ä� ����¬ [18]

ü�  V�  � ìÚ��É

τ2/τb 1—1.2 1.3—1.4 > 1.5

�
?Ø�Ùå�, ·�r�>f�1�!
1�Æ·9�ArÝ�Cz'X3ã 3 ¥L«
Ñ5. �¬ S1—S5 (�(§Ý3 860—940 ◦C �
m) � τ1, τ2 Ú τave Ä�ØC, I1 Ñ�O\ I2

�é~�, ¿� τ2/τb 3 1.1 NC, `²d�EÜ
>b¬â�u�®ªu��, �3X�õ�ü�
 ."� (VSr, VBi, VO �), �¬¬����¹î
. ,��¡ [13], ÄuL>�A, î�¬�

� � ò ¬ E ¤ ¬ � S A å Ø þ ! © Ù, ò � �
ÚåACFÝ, ��÷*4zy��Or, lÚ
åá��É~Ø>5. Ïd, 3T�(§Ý��
S��� ST-BT EÜ>bLyÑ�r�É~Ø
>5.

�(§ÝJ,� 960 ◦C (S6), dulf*Ñ�
Ý\r, ���AÚÔ�DÑ�Ý�Ó�\¯, �
þ�K>"���>lf½�>"�ò¬u)5
Ü�A, /¤V� EÜ"�, ~X:

VSr + Bi = [VSrBi], (7)

VSr + VO = [VSrVO]. (8)

d�>f�vnØ��, �>f3EÜ"�?
��vÆ·'3ü� "�? (VSr, VBi, VO) ��,

Ïd�Æ·¤© τ2 ²wO�. �Xü� "�5
Ü¤V� EÜ"�, o"�ßÝØä~�, éA
u I2 �ü$. d	, �(§Ý�,pE¤���)
¤Ú�����u, ¬âÉ~)�, ¬�(�m©
u)Cz, Ïd�N¬�(�Ú�¬Ô��áÆ·
¤© τ1 u)
²w�Cz.

� ( § Ý � L 960 ◦C � � ¬ (S7), Ù Æ ·
� τ1, τ2 ±9 τave ÑwÍO�. τ1 �,p�N

¬N(��wÍCz, ù� XRD �©Û´���.

τ2 Ú τave �,pÌ�8(u� º����"�
u)ìà¿/¤��ìq½��É, ±9É�)¤
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��)�.¡�Ú��Éº��O�, läk�
���vÆ·. éì τ2 Ú τb �'� (�L 3), ��

±`² 980 ◦C �(§Ýe����¬, � ìÚ�
�É"�ÓÌ�/ .

ã 3 �>f3 ST-BT EÜ>b¥�vÆ·9rÝ��(§Ý�m�'X

4 ( Ø

|^�>f¢�Ãã, (Ü XRD Ú SEM (�
©Û, XÚïÄ
 ST-BT EÜ>b��>fÆ·
ÌÚ(�A5���ó²�m�'é, ?Ø
�
(§Ýéá��*(�A5!"�a.ÚßÝ�
K�. ¢�©ÛL², 3 ST-BT EÜ>b��L§
¥, du�(§Ý�ØÓ, á���*(�Ú"�
(��3����É. �'u 920—940 ◦C �(�
�¬, �$§Ý�( (860—900 ◦C) ��¬, ¬â)
���, (¬Ý��, ,�>fÆ·(Jw«Ù
"�(�¿vk���Cz, �3�þ�ü� .

"�. �X�(§Ý�O\, �Nó, 3�*"�
þu)
ü� ."��5Ü�A, /¤>f�Ý
���V� "�, �"�ßÝü$. UYO��
(§Ý, ò�� Bi12TiO20 ��)N, �º�"�u
)ìà¿/¤>f�Ý���� ìÚ��É, Ó
�É��)¤��.¡�Ú��Éº��O�. ¢
�(JL², �(§Ý3 920—940 ◦C ��(^�
e, ST-BT EÜ>b�(�A59Ø>5UþLy
Ñ�Ð�½5.

a�¥I�ÆEâ�Æá�XÆ¬)oVéu�¬

SEM /mãÿþ��Ï±9?Ø©
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Positron annihilation spectrum study in
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Abstract

The positron annihilation lifetime spectroscopy, combined with X-ray diffraction and scanning electron microscopy is used to

measure a new type of non-ferroelectric piezoelectricity SrTiO3-Bi12TiO20 (ST-BT) composite ceramic, which is prepared by conven-

tional solid-state reaction in Shandong University. The structural characteristics and sinter process for ST-BT composite ceramic are

systematically studied. A large number of crystal defects are observed in ST-BT composite ceramic with the sintering temperature be-

ing between 860 to 940 ◦C. The large scale defects are formed due to the Bi12TiO20 phase decomposed when the sintering temperature

rises to 980 ◦C. The experimental results indicate that the structural characteristic and piezoelectricity of ST-BT composite ceramic

shows good stability with the sintering temperature being between 920 to 940 ◦C.

Keywords: positron lifetime spectrum, non-ferroelectric piezoelectricity ceramics, sintering temperature, struc-
tural defects
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