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� 21 E � 5 � � � 7 k L � Vol. 21, No. 5

2006 	 9  Journal of Inorganic Materials Sep., 2006�&Mg: 1000-324X(2006)05-1134-07z�R�(L (Na0.85K0.15)0.5Bi0.5TiO3 �UZ�pbl��8 7��5<�A :�>?9�=6;
(1,/3.2-024�1+ 710072)% !� ;upWKB�i+!i (Na0.85K0.15)0.5Bi0.5TiO3 ��Q�u`�T>iu`
�!hz+�B%+E�+R,}u`552�4IS2+E�0�lyDuM�7z��2

K2Ti6O13 S-�u`�y\,yz5DuyB.�;u
�Y\��8V��2 K2Ti6O13,sMy<2Bu`�yz5Du��O�m7kz%E�0SM}u#� (Pr) �Q�Ga (d33) �.�Ga (ε) �.�nY (tanδ) (:	 (Na0.85K0.15)0.5Bi0.5TiO3 ��Q�u`z�.}0,-S}+��zzx���%E� 2680V/mm, Pr j 36.6µC/cm2 , d33 j 113pC/N,

Kp � 0.27, Qm j 154.d n W���Q�u`�+�B%�pWKB�Q�G��)�_wg�TN304 ��N�|�A

1 "�  R�vaw|fX{tv":�D{ �1� CU�{`|w<�p{4olm�X->Q��1X9m{V�?�j94\�gL�R�vao�{V�2� [1,2].�"�V�)�{  R�va9mZ5JT,F{ Na0.5Bi0.5TiO3(�J NBT) �R�va [3,4], _ NBT va{A_�� 320◦C, [�)���3�#4�ZE{N�-p\�{
Pb(ZrTi)O3 R�9m{  R�va{'�0�19m� Pb(ZrTi)O3 �R�va3%R��H���hÆv�'F,�����ob�_ NBT vaa�R�tv� K0.5Bi0.5TiO3R�vaD{� NBT 3g{H-�Z A �w/_[>�C{5JTC��{��A_�� 380◦C, [�)�f�3�� NBT ��!=DL���ELH:{�1�9�C3-04D{)�{R�H� [5].m:�>Bb{���_+�>��!6(�Æ;{�6���va{,"`wR96��89m�6���,"��89m{LCBj{e�r���LC℄qXLC~����2qXLCBj���NeJ>H�'|?
vLD�4
Vg9M�tv|LD�U�>��!�g���s��~�>vaFb [6], 0�{IqXLCBj�R�vao�{tvV�EG �w��a�� 2005–08–25, �X�`a��2006–02–27jt�} WOKM�0 (03G53036); $ AanMs:�t�0 (04XD0108)*'ms 8 ' (1976– ), ��2Wi�-(^
 E-mail: gaofeng@nwpu.edu.cn
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5 � 7 &�|�pWKB+! (Na0.85K0.15)0.5Bi0.5TiO3 u`z+�+E�G� 1135$�K�D$�9�C3-04{ (Na0.85K0.15)0.5Bi0.5TiO3(�J BNKT)   R�va9m�V��7�:4tw<vqXLC,"{ (Na0.85K0.15)0.5Bi0.5TiO3 R�va{,�D&,F��H��
2 � <vqXLCBj," (Na0.85K0.15)0.5Bi0.5TiO3va��9m�$#_{ Bi2O3 �TiO2 �
Na2CO3 � K2CO3, "�m�Y*�k{���%Jhj*� 12h, e6j9 900◦C �� 4h,"U�F%{�$j"�F%{��_��$>��9Æ�~{
:��_jqXLz�� 100mm×100mm �g� 20µm {���0j"��e�_�| 80◦C ) 100MPa2R_,"Ug� 0.9mm {�����"��&;L 10mm×10mm o;{R8�{�9�$j| 1200◦C )�� 4h F,La�+�� BNKT1#; $j9T 1200◦C �� 6h 3F��Z℄�"\�+�� BNKT2#. FLj{\�9l��L��.p�Æj�� 140◦C Ox2Æv
15min, Ævj{℄\ * 24h j3FR�H�?℄�<v[W X’Pert MPB PROC XH1ZH$#f/�va{3,F�Tv6b JSM-5800C?{�>,�= (SEM) JA\�{�JEv�<v HP4284 C LCR 8x�%?℄/�Hb ε �/�oZ tanδ(1kHz); <v2L�KNp ZJ-2 C9;r?℄f?℄R�Hb d33;<v HP4294AC8xAI$#f?h9m{
�K_'b Kp ℄
?�-ob Qm. <vw
Sawyer-Tower�sFL{��=b?℄'�?hva{�/~1�w Trek-Model 609A DL9R�℄\ |Ox2h��[�
3 qfh	{
3.1 (Na0.85K0.15)0.5Bi0.5TiO3 �V[�Ær� 1 � BNKT1# va4��*{,�D&Ev��I`�'�$�2�-z� (Surface)'(�F| (001) z���z� (Cross section) �(℄'| (001) z��2�� 1(a) ��z{

� 1 BNKT1# u`z SEM Du
Fig. 1 SEM photographs of BNKT1# ceramics

(a) Cross section; (b) Surface,�D&Ev�d2N {)��QU.�6-4)%�6dY'4$~�3%$)��dva℄\d�-z{ SEM Ev�-.UfX{,68r�6dY'�U�FNf�,F�
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1136 � � 7 k L � 21 E6-)%�,F)x��QG�6do;FÆ��F6dQi� 2∼4µm, <� 1(b) pV���z6d℄-z6dF EDS �h$#�,S<- 1 pV�d2N � tZ�zxZ-z�6d2FV{ Na � K � Bi � Ti ℄ O !3�h�t�zZ℄-zZ{�hVh{Cn��| Ti �h� tZ�zxZ-z�Vh�kd\��'�p��h�$%`�
BNKT +9vN�h%d)�� O �h� tZ�zxZ-zVhFo|vN�h%�'�z6d2Vh9|-z6d2Vh�b�� Na � K ℄ Bi �hF%+9vN�h%{Vh;�'�z6d2Vh;|-z6d2Vh��Zw|9�F,TP2 Na � K ℄ Bi {���L�=3[>�[vN�h%p)�O 1 BNKT1# P
^�Yuy EDS $�_�oe (wt%)

Table 1 EDS analysis of BNKT1# grains in different direction (wt%)

Element O Na K Ti Bi Total

Cross section 28.27 3.67 1.06 22.71 44.29 100

Surface 24.77 4.23 1.63 22.74 46.63 100

Standard content 22.49 4.36 1.74 22.43 48.97 100"va℄\Y�z℄-zl�L,Q�� 2 VULj BNKT1# ℄\{�JEv��.vawg36dDLÆ�A6d℄`A6d�b��d� 2(a) N �z6$Lj{)o{�Q��Zw| BNKT � ABO3 C5JT,F� Na � K ℄ Bi F�C6<2 A ��w|{��L A �P��q�6<�)�A�jF,TP2�Q{�W�u)va{�DL)��Q��d� 2(b) N �-z{6d$�{�Q;|�z6$��QFN.='8{6��QEv�1NGv~,{`A6dB�h�|�A6d2�

� 2 BNKT1# u`�Khz SEM Du
Fig. 2 SEM photographs of polished BNKT1# ceramics

(a) Cross section; (b) SurfaceO 2 BNKT1# P
uyY EDS $�_�oe
Table 2 EDS analysis of different BNKT1# grains

Atomic/% O Na K Ti Bi Total

White grain 61.77 8.11 1.21 18.78 10.13 100

Black grain 67.05 2.04 6.39 23.36 1.16 100
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5 � 7 &�|�pWKB+! (Na0.85K0.15)0.5Bi0.5TiO3 u`z+�+E�G� 1137��A6d℄`A6dH EDS ��$#<� 3 pV�N ���hVh{~,Cn���A6d3%�`A6d2 Na � Bi Vh (�>%$/� 2.04% ℄ 1.16%) 
�|�A6d (�>%$/� 8.11% ℄ 10.13%), �`A6d2 K Vh (6.39%) ℄ Ti Vh (23.36%) �9|�A6d2 K Vh (1.21%) ℄ Ti Vh (18.78%), <- 2 pV�

� 3 BNKT1# 3�5z EDS ��
Fig. 3 EDS patterns of BNKT1# grains in different direction

(a) White grain; (b) Black grain�/��A6d℄`A6d�t{"3�� BNKT vaFj%� XRD $#�� 4 �
BNKT1# va℄\{ XRD ���N <vqXLCBj,"{ BNKT va663�5JT3,F�E$ZH(� (110) 6z�b�{Gh��3ZH(U.�<� 4 pV�1ZH(�t{v_"N�Z K2Ti6O13 � K2Ti8O17.C�/ [7] �w� K2CO3 � TiO2 �tNLLJj��q{==��3Æ�Jj�
(K2Ti2O5) �fJj� (K2Ti4O9) ℄rJj�
(K2Ti6O13), FNN.��{6{8r�z�#~3 [8] V�j98�,"rJj�{_L
℄�-~sj�9�� 891◦C, K2CO3 ℄ TiO2� 946◦CEL�D9{��tEL K2Ti2O5,�j| 1100◦C )EL K2Ti6O13. md^~3 [9]V�jrJj�,"Bj��9m� K2CO3℄ TiO2, yU," K2Ti6O13 {E�Bj~!Z K/Ti %� 1:5.5, 1�. K/Ti %�;�{` � 4 BNKT1# u`z XRD ��

Fig. 4 XRD patterns of BNKT1# ceramics|EL K2Ti6O13. $�pv�9m2`{ K2CO3 ℄ TiO2, ' K/Ti %� 1: 4.5, obÆkEL K2Ti6O13.�T�k K2Ti6O13 ℄ K2Ti8O17 { K � Ti ℄ O �>3�%a�.� K2Ti6O13 {>�>%a� EDS ,S3+�obNh	#�XRD 2{��3� K2Ti6O13, 1��JEv2�t|`A6d��A6d��t| BNKT 5JT3�`A6d��$#,S2{ Na � BiVhaG��{N�Zw|F,TP2�L[>U>p)�<(JA`A6d,��N �`A K2Ti6O13 6d2��{�A BNKT 6d��'�A6d{&	FN�o8�-.U3F,{y ��Zw|�9m2 Bi2O3 �Na2CO3 ℄
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1138 � � 7 k L � 21 E
K2CO3 F��9�v_"�ob�F,�� 1200◦C PÆkEL3�e3F,\-���2�.#`A6d��{�A6dH EDS $#j�.���hL$�
[`A6d,�{ BNKT 6dL$�Vh C/�<S K2Ti6O13 Z BNKT {2�D"��D`g6$,�{6d2�hVhth�Cn�wbN#� K2Ti6O13 1!Z BNKT {2�D"��Z�9m2 K2CO3 ℄ TiO2 '*v_�t�L��tU<)Æ

K2CO3+6TiO2

1100◦C
−−−−→ K2Ti6O13+CO2 ↑ (1)� 5 �h�| BNKT1# va2 K2Ti6O13 {6dEv� K2Ti6O13 1x,_�d�N H8q\ (� 5a), 9T o (� 5(b)) JAN#�K2Ti6O13 r=6dN�8�)%N*��/

[10] �w K2Ti6O13 �r>,F�EvN�8�wb3d5"R"`$#TP2vaLzU.{`A6d� K2Ti6O13. tZ� SEM $#TP2��.�va{{2�6$ K2Ti6O13U.�� K2Ti6O13 6_U.�&	��J4&	�K2Ti6O13 ����^{�d.7DLE{q|3d5V��

� 5 BNKT 1# u`0 K2Ti6O13 z SEM Du
Fig. 5 SEM photographs of K2Ti6O13 in BNKT 1# ceramics

3.2 �iSx℄ BNKT k�V�Ær[#�<"p`� BNKT va℄\2U.j K2Ti6O13 3��jtP13Z*N�T2Z℄{���h9W�" BNKT1# � 1200◦C )�� 6h 3F9���Z℄�

� 6 BNKT2# u`z SEM Du
Fig. 6 SEM photographs of BNKT2# ceramics

(a) Cross section; (b) Surface
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5 � 7 &�|�pWKB+! (Na0.85K0.15)0.5Bi0.5TiO3 u`z+�+E�G� 1139� 6 � 1200◦C 9���Z℄j{ BNKT2# va{,�D&Ev�d2N � t�z6$xZ-z6$�ELjb�8{6d�6d$�,_1x���z6$6d℄-z6$6dF EDS �h$#-~� BNKT2# va6d2[Vh (26.79wt%) 5�|+9{vN�h% (22.49wt%), tG| BNKT1# va6d{[Vh (28.27wt%). �~>�h{3�Vh���"Cn4o��"`�9��Z℄{ BNKT1# 3%N#�9T��Z℄j��z6${6dEv{ao3C��Q�G�6d��fX��'-z6${b�86dY')yLs�<� 1(b)℄� 6(b) pV���oN��|6d2[Vh)G�d��$#,SN#� BNKT1# ℄
BNKT2# 6d2 t�z6$xZ-z6${[VhFo|+9L$��bd�D�R�[Vh�G��*4+9L$��;kEL)x{E{6d�b��JA BNKT2# va℄\L,Qj{Ev�50{`A{q�8 K2Ti6O13 6dh��-~ K2Ti6O13 ���h�|{'2� ��T��2Z℄�h9W�?℄j BNKT1# � BNKT2# {R�H�<- 3 pV�,S-~9T��2Z℄j�va{
�K_'b Kp ℄
?�-ob Qm�$ )v��R�Hb d33 �/�Hb ε �/�oZ tanδ F);�� 7 � BNKT1# �
BNKT2#   R�va℄\{�/~1�va-.U~,��{{y �BNKT1# {&ÆF� 2680V/mm,N~Æv$ Pr k 36.6µC/cm2,�℄Æv$ Ps � 41.3µC/cm2. b��N~,Gv��2Z℄��ova{&ÆF Ec, �;N~Æv$ Pr, 1u)/�Hb ε �/�oZ tanδ );� � 7 BNKT1# z�.}0

Fig. 7 Hysteresis loop of BNKT1# ceramicsO 3 BNKT �TY�\�~
Table 3 Piezoelectric properties of BNKT ceramics

Samples d33/pC·N−1 Kp Qm ε tanδ Ec/V·mm−1 Pr/µC·cm−2 Ps/µC·cm−2

BNKT1# 113 0.27 154 640 0.047 2680 36.6 41.3

BNKT2# 104 0.27 160 552 0.026 3230 31.8 37.3

4 q{<vqXLCBj,"j (Na0.85K0.15)0.5Bi0.5TiO3   R�va�va663�5JT3,F�1�m{EvN�8{��3 K2Ti6O13 U.�va℄\Yb�z�6℄d�-z{6dEv{C/�<v��Z℄ �9W��3 K2Ti6O13, tN{=3C BNKT1# va℄\Yb�z�6{6dEv��G�Q��P�;9m{N~Æv$ Pr �R�Hb
d33 �/�Hb ε �/�oZ tanδ, �o&ÆF� (Na0.85K0.15)0.5Bi0.5TiO3   R�va{�/~1-.U~,{��{y ��&ÆF� 2680V/mm, N~Æv$ Pr k 36.6µC/cm2.
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1140 � � 7 k L � 21 EQv��
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Microstructure and Piezoelectric Properties of (Na0.85K0.15)0.5Bi0.5TiO3

Lead-free Ceramics Prepared by Tape Casting Processing

GAO Feng, ZHANG Chang-Song, ZHAO Ming, WANG Wei-Min, TIAN Chang-Sheng

(College of Material Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: (Na0.85K0.15)0.5Bi0.5TiO3 lead-free piezoelectric ceramics were prepared by tape cast-

ing process. The effects of heat-treatment on the microstructure and piezoelectric properties of

ceramics were investigated. The results show that the ceramics with densified microstructure can

be prepared by tape casting process. The microstructure of cross section is not the same dense as

that of surface. There are two phases coexist in the ceramics: perovskite phase and K2Ti6O13 phase

whose appearance is whisker shape. It is difficult to eliminate K2Ti6O13 by heat-treatment process.

But heat-treatment will improve the microstructure of cross section effectively and decrease piezo-

electric constant d33, dielectric constant ε and dielectric loss tanδ. (Na0.85K0.15)0.5Bi0.5TiO3 lead-

free piezoelectric ceramics show obvious characteristic of ferroelectrics with coercive electric field Ec

2680V/mm and remnant polarization Pr 36.6µC/cm2, d33, Kp and Qm of ceramics are 113pC/N,

0.27 and 154 respectively.

Key words lead-free piezoelectric ceramics; microstructure; tape casting; piezoelectric properties


