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(1. nU\qYog℄_k^`uZipj�nT 710072; 2. nTbmYo[vlXrha
sVuZipj�nT 710049; 3. ed\WYofot�nT 710051)D =� \b?Ij5TtQ*�FdW^C{*��8�ENitQ*�Fd0O{n��&n90�?Ij5TtQ*�Fd (Na0.5K0.5)NbO3 {0OA�l[#�"�hO��#>n�O�+���`p=�l�#-'9H-$�_3l3y� (Na0.5K0.5)NbO3 �tQ*�Fd{0O_%A��3� (Na0.5K0.5)NbO3 �tQ*�Fd>s{0Ol%�IX?�(N�s ~ Y�tQ*�Fd�?Ij5T�*�;�� (Na0.5K0.5)NbO3K%k�t�TM282 )/R�Æ�A

1 ?<,	Ge%�!
����9g	9�u-{|P9=��%℄,TZ
℄"�PL��=mA��/�i [1]. 1T��,	Ge|�Dr��
`W|MJ=R Pb(Zr, Ti)O3(PZT)�,	Ge [2,3]. u% PZT �Ge�8wR|g�Idq�;��| 60% H� [4]. 8wR%�!J|&�|_�x��x
H��OCzX_8wR|xL����8wR*"�zp|M7���n6m�J{W*x��

`�x
��R�,	Ge2OtZs8�%�Ozn7j����x��A�g|R
HTd=e�\MCy4��
XC℄l�}O��~4m=R|sk�Kpo��DxLon/#|gf [5,6], �gpo	}|
R#&��E
E<n�!�b��x(D��ZgR|	5=�
LU ≪Science≫ �|�y�s(^�x 2005 < 1 u�>"^�x 2006 < 7 u 1 s�A_��D|	5DE�T%vR| [7]. u%℄
�zvR,	Ge|�9yv(lxaqR�,	Ge|�9�AH�9{����gR|,	Ge	z%D�|)t�` [8]. j"�℄
po
R#&�|�:�,	Ge|vRw%� |&�.� [4]. Qf�2Qm`&vR,	Ge%�	HV|�X_#n	}mJ�LM|eK [9].vR,	Ge��MxL���,	Ge�%��X_�L|�Z�9aX_~ixL���|�o��P9Ge=��C:Z=�M{(�8g��DxL
9}O�f|x� (H0%R), 4Wz�$��Zm2O_sdP�8D��xL
9_f|x��H��$OITX_j9���xLskÆ�~i|xL��� [10]. ℄
 =-L=.{=�X_[~|,	�9m���9�%qj%p_T\Nq PZT |vR,	=�
zH�N�o��� 2005–11–15, �\5mo���2006–03–03x�1�� a�6ib&�< (10474077); z!N<m&6 �oa��<RH}�� �r� (1976– ), 4�6 1P�	 E-mail: duhongliang@126.com.
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1282 t � ; � % � 21 Z�m
R#&��j*K|>"�w;i�}O�� 9 I>"b�|nC^Mms�|,	Ge�D�|nJZ� =-L=.{=�CjvR,	Ge|�I#:2Q.� [8].En� Saito �pz ≪Nature≫ ��F6�B!Td?n
��2�OP��!�
L=�2�|vR,	Ge=��K	�9
Hg PZT �G [11]. �M�L=�2�=�Ojv?vR,	Ge=�|2Qo�
(p:1��Jk6UvR,	Ge (Na0.5K0.5)NbO3 |2Q8��2Q0lH�2Q\$�4� (Na0.5K0.5)NbO3 �vR,	Ge?t|2Qm&�JZ��)O

2 nS��r,�8
!XLUKHM6U�vR,	Ge
H4j}!o�
�Jk6U�K�06UmrXV6U [12]. K�06UmrXV6UvR,	GeX_E|Sum���|:	�j�E|��E�Q3�E|m��T{�9m�q���%&nTZ
Em�ED�i|Ge=��u%�℄
K�06UmrXV6U=�X_n|J�P��[��K7&
w-�*x1n|$k���/�ZB|,	�9mE|/aEU� [13]. V�ovR,	Ge89TZ
,	��M�{9Mm`BM�E,	�9|�i
�Jk6U%,	Ge��F#|6U
�Jk%H��7��'� Perovskite|)8*)|
�W�|% CaTiO3. X_�Jk6U|=�
HZQ� A12B6O6

3 /���.38q/2�Iq5|Al3� A TF�%����M1n|q5�Cm8q5�LO%�x.6U�#��Æ B TF�%E���M1Æ|q5�_
8�%M|M�l�
z<6U��It���8q5?O|8
Z 1 r�{?IjGL5T [14]

Fig. 1 Illustration of a perovskite unit cell

with chemical formula ABO
[14]
3

�%M
0�}?O�=�|�(U�
�I8q5℄�
|�I8�%MSZ����It��X_ 1
2×6=3I8q5�x[ 1 A� [14]. �Jk6U|S	M|7&
w*:ns
 B lq5Bq�%M��|w�
℄
�Jk6U|H��X_�Jk6U|S	M�X_�I7&
w.��wx�:.�6U_ 6 I7&
w.���.�6U_

8 I7&
w.��
.�_ 12 I7&
w.��V��X_�Jk6U|,	Ge�X_1E|,	�9 [15]. 1T℄,�Z|
PZT �,	GeR-
�!6Uo�
Qf�)ZX_E,	�9|vR,	Ge+ i)�X_�Jk6U|vR,	Gey(
1T℄,2Q|�Jk6UvR,	Ge*:_
J=" BaTiO3(!�j BT) �J=K2 (Bi0.5Na0.5)TiO3(!�j BNT) mL=�2 (K0.5Na0.5)NbO3(!�j KNN) �vR,	Ge


BaTiO3 %�|&�|,	Ge��K6Ug�9|2QF�vO+�K,	F3 d33
l 190pC/N,�	Nn{3 kp �
l 0.36,u BaTiO3 Gez 120◦C ;Ekz�,�KOCm℄)1��Sum�8E����TZ*x��
U� BaTiO3 Ge���:Em�6��Om�l 1300◦C, W5
�6�#w [16].

BNT %1T2Q|�℄,|�Jk6UvR,	Ge
z 1960 < Smolensky �&(
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6 I �q��}� (Na0.5K0.5)NbO3 �tQ*�Fd{0OA� 1283� A l:nq5�Jk� BNT S	M
'm~| BNT -
}.�JkH{� a=3.891Å,

α=89◦36’, Sum� Tc j 320◦C, BNT X_pU|S	��'m~|�d
wU� Pr j
38µC/cm2. j"�'m~ BNT |/aE Ec(73kV/cm) pE�U� BNT zS	�℄	w�1E��z=�p5T4
w�5H�z
�Z|,	Ge [17]. �<n�b7`'�i Al� B lm A � B l:naq|0�C�n�>�2Q
;|6n� BNT �vR,	Ge*:_H~ÆIM{ [12,18∼28]:

(1) (1 − x)BNT-MTiO3(M j Ca � Sr � Ba � Bi0.5K0.5)

(2) (1 − x)BNT-xMNbO3(M j Li � Na � K)

(3) (1 − x)BNT-xABO3(A j Bi � Na; B j Sc � Fe � Cr � Sb)

(4) BNT-KNbO3-Bi1/2O3Sc1/2O3, BNT-NaNbO3-BaTiO3

(5) BNT-BaTiO3-BiFeO3, BNT-BaTiO3-CeO2

(6) BNT-(Bi0.5K0.5)TiO3-BaTiO3, BNT-(Bi0.5K0.5) TiO3-NaNbO3

(7) BNT-Ba(Cu1/2W1/2)O3FZ�<np!� BNT C��n�|>�2Q�JZ�{A BNT ��M{�nO���X_�ZTK|vR,	Ge�u%�x1Tj�y�_�x�9d%lxR�,	Ge| BNT �vR,	Ge
_X KNN �vR,	Ge|2QC�~%*#�:�

3 (K0.5Na0.5)NbO3 y,�8
!X

NaNbO3 %'m~o�Jk6U|*S	M�kz:x|6H�,�X_U	E`&|

Z 2 KNbO3-NaNbO3 {�Z [38]

Fig. 2 Phase diagram for the system KNbO3-NaNbO
[38]
3
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1284 t � ; � % � 21 ZS	� [29]. H NaNbO3 j���y KNbO3 �LiNbO3 �K�06UH�rXV6US	M�
HnO�91i|,	Ge [30∼32]. KNbO3 X_gJ="�;|6U�Sum�j 435◦C.>2m�~-�KNbO3 Bg&�x.6U →:.6U (435◦C) |5	 → S	�,�:.6U → 
.6U (225◦C) |S	 → S	�,H�
.6U → }06U (–10◦C) |S	 → S	�, [33]. FZ KNbO3 tHX_n|,	�9�K/%�5�	Nn{3 k2=0.53[34], u%�KNbO3 GefX_B|,	�9��%℄
 KNbO3 Ge�6OI:Z/G�?Z`W|	5GeOIp5�z�6�#| KNbO3 Ge�WJG?�5H���DTZ [35,36]. *S	M NaNbO3 mS	M KNbO3 
H�ObdWvM�6Urj�Jk6U�o;g*S	M PbZrO3 mS	M PbTiO3 �O|WvM
 Egerton m Dillon ���y� KNbO3-NaNbO3,	Ge|,	�9�H0% Na/K=1 �� (K0.5Na0.5)NbO3(!�j KNN) Ge|�	Nn{3lx6��,	�9~i [37]. j"� KNN ,	Ge_�Ipn|e�
?Z`WGeOI5H�z�#�~i|GeM
�*:_�IqQ [5]: (1) LU[ 2 KNbO3-NaNbO3 |�[
�� KNN |�q��%��z 1140◦C, >1140◦C, KNN *89HWD��kz
Qf�ME|�6m�89lx��R=�� KNN GeM|�#w
 (2) ℄
z�6dP�
Na2O m K2O ||&��w'��)&�Bq�w�D�
`�!x� K4Nb6O7, v<x�jxJ�|xL��1FwJ&�J7
��
n����<o=�|TZ [35].j�d9�1e��b7`'�iP��$?p�P��6,��q5aq>�m>��$�/:I.%� KNN vR,	GeC�n�2Q

3.1 "|`gPB

KNN z'm~X_�Jk
.�6U [33], x
�yX_KB6U|wnx�l�2>2AP�wnxg�|,wkz�I�6U|,w�;R%6kz1U��8
$A&��1U��8�
,	Gen6X_#:|LM�?O_
1U��8| PZT ,	Ge�X_PF[�|,	m:	�9 [39]. U��wnx|�y_
9g KNN �O�|�[�JES 1 KNN vfA-*�6a�VCN$30�l�℄�a�6au#a4� [38∼41]

Table 1 Dielectric, piezoelectric and ferroelectric properties of KNN based lead-free

piezoelectric ceramics near morphotropic phase boundary[38∼41]

MPB Density tanδ Tc d33 Ec Pr

Composition εr kp

(x=mol) /g·cm−3 /% /◦C /pC·N−1 /kV·cm−1 µC·cm−2

(1-x)KNN-xBaTiO3 0.06 4.44 1003 3.8 0.29 358 104 12 7.5

(1-x)KNN-xSrTiO3 0.04 – 1091 3.5 0.156 280 52 – –

(1-x)KNN-xLiTaO3 0.05 4.44 570 – 0.36 400 200 13 9

(1-x)KNN-xLiNbO3 0.06 4.35 – – 0.42 >450 235 – –

KNN |�q�m��V
?aE|�6m�

`�iOI�.%a��℄
�!8wx|Z�����Su�-��Q"
�Ge|�6m�-�
y��℄
�!wnx�OWvM|dP��7℄9_A-��V9jC�6|C�
 Y. Guo �p2Q� KNN mKBwnxA?O|$p{|,	�9�x� KNN-ATiO3(A=Sr � Ba)[40,41], KNN-LiBO3(B=Nb �
Ta)[42,43]. 2Q/(
��wnx|�yd9�?Z`WGeOI5H�z�# KNN Ge|e��U�&��>2wnxP��|,w_1U��8Z��4Wz1U��8;E
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6 I �q��}� (Na0.5K0.5)NbO3 �tQ*�Fd{0OA� 1285�z��#��,	�:	mS	�9~i| KNN �vR,	Ge
U�;Æ��wnx|�yg�JE� KNN |�q��>2wnxP��|����6m�;)'�E
H0% LiTaO3 m LiNbO3 |�ynn�JE� KNN Ge|,	�9�K�,	{3 d33 \n

200pC/N./ 1 KZ� KNN �$p{vR,	Gez1U��8;E|,	�:	mS	�9
u%�Y. Guo �pf�_� KNN�$p{vR,	Ge|fYHz6Um��E�Q3C��y
 M. Kosec�p#�2Q� KNN-SrTiO3 |�9 [44,45], 6
&�
 KNN-SrTiO3Ge/�Z(�|Sm:	H��z'm~ 0.85KNN-0.15SrTiO3 Ge|:	F3lx 3000,�I�nnE
b| KNN Gez'm~|:	F3
j"� M. Kosec �p� KNN-SrTiO3Ge|,	mS	�9f�_�y

3.2 "|��M{TdP��6,��z�6dP�Z�>��%-��6m�|�!_�|.(
>��6�|Hz#?�Uw2^
JEH8SC���NgT4?Z�jCHz|&k�JEeM�#��lx-��6m�|1|
u%��>�z�6|tJ}ÆzGeM|H8� w=�|:	m,	�9
AH�j�-��6m��U�a�Ri|,	�9�+ $~n&|�6,���Kz�6|��3�kz>���6tJd:CyHz�g�M=�bd�OWvM
 Saito �pz KNN P�� CuO, ?Z`W	5GeOI�z��9mq��~i| KNN Ge [46]. v CuO |P�� <0.001mol% �� CuO |P���6H��_U�Æv CuO |P�� >5mol% ��,	m:	�9,B�AH CuO |P��j
0.001∼5mol%. CuO |u�j 1025◦C, z 1050∼1125◦C �6�
Z�>��>�Q|�Hz�|f|��zz�I�6+h7�9zx��#�n|�#GeM

`� S.H. Park �pTdP� 1%ZnO, z 1050◦C �z��#| KNN Ge
 1050◦C �|�6m�
9%℄

ZnO m Na2O �� ZnO m Na2O/Nb2O5 z�6dP�Z��>� [47]. / 2 KZ�P� CuOm ZnO | KNN Ge|�9
S 2 CuO u ZnO Q'��Lz℄ KNN v*�6a�V℄4� [45,46]

Table 2 Properties of KNN based lead-free piezoelectric ceramics with CuO and ZnO

as sintering aids[45,46]

Measurement Relative d33
Composition εr tanδ/% Tc/

◦C kp Qm
time density/% /pC·N−1

KNN 1h 96.2 429 3.56 415 0.334 100.6 115

28d 96.2 470 8.9 415 0.329 85.6 115

KNN-0.01CuO 1h 98.8 237 0.45 415 0.389 1408.6 96.2

28d 98.6 231 0.45 415 0.377 1661.9 96.7

KNN-0.01ZnO 24h – 500 0.06 400 0.4 – 123

Matsubara �p2Q��V|�6,� K4CuNb8O23 m K5.4Cu1.3Ta10O29 � KNN Ge�6H��,	m:	�9|U� [48∼52]. 2Q/(
>2�6,�P��|)'������6m�i 1140◦C -x� 1060◦C, v K4CuNb8O23 |P��j 0.5mol% ��z 1090◦C �6 KNN Ge|M�#�lx 4.40g/cm3, %s�#� (4.51g/cm3) | 97.5%. �I#��(��v
 R. E. Jaeger�p?Zo,�6(�$| KNN Ge|#� (4.46g/cm3). Matsubara �pqjM�#�|JE
H`6j�6dP�>�|Z�
 Matsubara �pz�6dP�
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1286 t � ; � % � 21 ZS 3 K4CuNb8O23 u K5.4Cu1.3Ta10O29 Q'��Lz℄ KNN v*�6a�V℄4� [47∼51]

Table 3 Properties of KNN based lead-free piezoelectric ceramics with K4CuNb8O23 and

K5.4Cu1.3Ta10O29 as sintering aid[47∼51]

Content Sintering density d33
Composition εr Tc/

◦C kp Qm
Mol% temperature/◦C g/cm3 /pC·N−1

K4CuNb8O23 0.5 1090 4.40 220 410 0.4 1200 180

K5.4Cu1.3Ta10O29 0.38 1115 4.60 – 390 0.41 1300 190

Z 3 O � 0.5mol%K4CuNb8O23 {
(K0.5Na0.5)NbO3 Fd{ SEM �C [46]

Fig. 3 SEM photograph of (K0.5Na0.5)NbO3

ceramics with 0.5mol%K4CuNb8O23

at quenched from optimum sintering temper-

ature to room temperature[46]

Y\�YAxP� 0.5mol% K4CuNb8O23 |
KNN Gei'mx���6m� 1090◦C |�6dP�\_>�Z��Æ��>�|Z�JE� KNN Ge|�#�
[ 3 %�6dP�_>�Z�| SEM [ [48]. v
K5.4Cu1.3Ta10O29 |P��j 0.38mol% ��
KNN Ge|M�#�j 4.60g/cm3, Id�s�#���
9%℄
 K5.4Cu1.3Ta10O29m KNN & � � * T 
4 W �A _ P �
K4CuNb8O23 m K5.4Cu1.3Ta10O29 |9E �x4��\�_&�J7�


`�2Q&�P� K4CuNb8O23 m K5.4Cu1.3Ta10O29 |
KNN GeX_E|��E�Q3 Qm, /�Z�W��,	�9
/ 3KZ� K4CuNb8O23m K5.4Cu1.3Ta10O29 |P��40j 0.5mol%m 0.38mol%��KNN vR,	Ge|�9


3.3 
O�[
KNN GeX_�Jk6U�K� A lq5 Na+ �K+ 
% Li+ :4�{aq�B l|

Nb5+ 
% Ta5+ � Sb5+ �:4aq"JE KNN Ge|�9
 Li+ |aq�jC�Ge|>��6
 Ta5+ � Nb5+ |aq��-��:	�j��:	F3|m��9zx>��� KNN Ge/�Z�z��,	�9
 Saito �p2Q� Li+ � Ta5+ aq�b KNN Ge�9|U� [46]. Matsubara �p2Q� Li+ � Ta5+ aq� KNN-K5.4Cu1.3Ta10O29 Ge�9|U�
/ 4 KZ�B!|2Q6
 [52,53].

3.4 JPp>j�d9?Z`W|	5GeOIp5�z�# KNN Ge|e��2Qpr40Zo,�6�0	�q5�6m*T,����H(�$��#| KNN Ge

3.4.1 �9��o,�6�z�OdP�����|,{�j�=��<���#?g�#w
gv,�6�)�o,�6|*:H�%
z�6dP���`z,{�_v
Ng�flTdH8m~"?[ (,{a�|flm~), Hj�=��#w�U�Hz�H1��i"
zx}Hz|Ge=�
8df�6(8J�D�0:x�E��6�D^,Æ�O(E�"WwJD�e��Ryx�� [54]. R. E. Jaeger �p?Zo,�6(�$�bd�#| KNN
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6 I �q��}� (Na0.5K0.5)NbO3 �tQ*�Fd{0OA� 1287,	Ge�Sum� Tc=420◦C, ,	{3 d33=160pC/N, �	Nn{3 kp=0.45[55,56].S 4 Li � Ta �Z℄ KNN v*�6a�V℄4� [46,52,53]

Table 4 Properties of KNN based lead-free piezoelectric ceramics with Li and Ta

substitution[46,52,53]

Composition εr tanδ/% kp Tc/
◦C d33/pC·N−1 Qm

[(K0.5Na0.5)0.9Li0.1]Nb0.8Ta0.2O3 624 7.1 0.307 380 104 273.4

(K0.49Na0.5Li0.1)NbO3-K5.4Cu1.3Ta10O29 340 3.5 0.43 407 – 2000

(K0.5Na0.5)(Nb0.7Ta0.3)O3-K5.4Cu1.3Ta10O29 800 1.0 0.44 210 270 1300

3.4.2 jd_
O��0	�q5�6 (SPS) %�!9�Ge=�h<�#�4WX_\v|HzmE|	�9|�6dP [57]. [ 4 KZ� SPS �6/�|�L[ [58]. SPS �6.(℄�I9(?O
)��5-09E%/z�I�/,X��z,X|�����/U�jtz�/U|����	

z�6`�3��ED�|�U	�%�z	
���5-z5�|flD��v�j��6C�
z�6|�$3���U	�%X*�>{j��	��9��/,XOj&oM���mlxl
|m� [59]. ��
`W|�6OIn6� SPS�6.(X_�6�����6m��|[�
��[�1F_v
�$�#| KNN Ge
 R. Wang �p?Z SPS �6.(�$���#�j 98% | KNN Ge [60]. ℄
�6����?Z SPS �6.(�z| KNN Ge|HzÆ
o,(�$|Hz�VZ SPS�6.(�z| KNN Ge��
o,(�$|9En6X_E|:	F3m/aE��|�	Nn{3m�d
w
 Z 4 /�}p3�5.��KZ [58]

Fig. 4 Schematic diagram of the apparatus

for spark plasma sintering[59]

3.4.3 i��Oe2�Uh,�Hz�H�/ (TGG) %�op#:|�$a��H,	Ge|.( [61∼65]. CTdzl�nOi|I}5M�P�,�Hz�vZ"{�
{�,�z�M���?	
o_s��z8%^�_�{m5M/%7℄9|_�~��Mz,��5,�.��H�i"�GeHz����?	
*T,����H�/�%zo_s��q�*T�ODxH��4z��?	|,��Ok�H�
zo_s|dP�U�bO�*T�6m���H�IdP [66∼69]. ,�Hz�H�/|X$9(%�$J�P�|,�Hz [70]. [ 5%�4(�,�z5��m,�Hz�H|�L[

G.L. Messing eK?|2Q/(,�|$aT<A(H~ÆIq� [70]: (1) ,��ig1|Dx��|6UX_�;��9,�
Hz&v|m�~TdT:^�*TwJ�-
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 (2) ,�q5�iX_E|��)��9z�$OP�wJ%"V{��
 (3) ,�z5TX_E|oq��
Qjj�JE�H�{�z,�Hz�HdP���g_>��V,�z5z>��+ _E|q����9>
H�n���*,�|J�P����Æ~n


Z 5 �3'�+�y3Æ
l+�Gy�G{�KZ [70]

Fig. 5 Schematic diagram of template alignment by tape casting and the texture

fraction increase with heating[70]

Z 6 �z)S�# NaNbO3 +�y3{�KZ [11]

Fig. 6 Schematic diagram of NaNbO3 parti-

cles prepared by topochemical conversion[11]

Saito �p?Z*T��,��H�/�H NaNbO3 j*T,���$�E�9|
(K0.44Na0.52Li0.06)(Nb0.84Ta0.10Sb0.06)O3 vR,	�UGe�K�9
Hg PZT �G ��vR,	Ge|2Q�z�#nYG [11].b�bex� ≪Nature≫ �y�B!|2QO
�4W2'n'| L.E. Cross7!���"&&1j��Ho��Z�|,\��4�ZvRw%,	Ge&�|� .� [4]. /
5 KZ�a��H| KNN vR,	Geg
PZT�9|)1
j"�Saito �p�$X_n��)|�Jk NaNbO3 ,�z5|dP%�v:x|
)�Zu.(z 1100◦C nOX_�Jk�6U| Bi2.5Na3.5Nb5O3, jtTd�{*T�z NaCl u>�Z Na2CO3 z 950◦C �{��Jk�6U Bi2.5Na3.5Nb5O3 �|

Bi q5�nOX_E��)|�Jk NaNbO3 ,�z5
[ 6 KZ���dP|�L[
FZ,�z5|nOdP%:x|�8v
O=w|�D�u% Saito �p|2Q6
vDj
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6 I �q��}� (Na0.5K0.5)NbO3 �tQ*�Fd{0OA� 1289vR,	Ge|2Q�(�.��YG��<nvR,	Geg PZT �9�|VnBY�j?tvR,	Ge|2Q
���℄�X_#:|LM
S 5 KNN v*�6aIq�Vu PZT4 6a�V℄4� [11]

Table 5 Properties of KNN based lead-free piezoelectric textured ceramics and

PZT4 ceramics[11]

Composition εr kp Tc/
◦C d33/pC·N−1 (Smax/Emax)/Pm·V−1

PZT4 2300 0.60 250 410 700

(K0.44Na0.52Li0.04)(Nb0.84Ta0.10Sb0.06)O3 (textured) 1570 0.61 253 416 750

4 ;	F&E<n� (K0.5Na0.5)NbO3 �vR,	Ge|2Qm`&az�H<|C9�zx!�z0�.%X_�ZTK| (K0.5Na0.5)NbO3 �vR,	GeM{
u%�mR�,	Ge�)� (K0.5Na0.5)NbO3 �vR,	Gey_!�8<�_�y�Bn�|2Qm`&OC
UA_,	Ge=�|&��9� (K0.5Na0.5)NbO3 �vR,	Ge|2Q&�*:M�z$I.%
�%� (K0.5Na0.5)NbO3 �vR,	GeC�Cx>�2QÆ$%�|OI.(|2QmwZ
Cx%��P9=�>�|_�.(���TdCx�4=�?4�
Hlx�4�>,P9=��9|1|�Q"&�Cx%��=�`&|�I#:.�
z�_=�|�℄�vZP��|X_�Jk6U|wnx�>, (K0.5Na0.5)NbO3 |�[��Em�6Oj
9�U�
HZ�1U��8��z[P|,	m:	�9

`R%$~�
H-��6m��a
HJE�9|�6,�
z�$OI.%�*:%hm�z\v�#�E,	~�|=�C�2Q
FZ?Zo,(m SPS �6.(
H�z�#| KNN Ge�j"���!.(O(E�^,Æ�8J�$:x�0|9E�Vp5�zO=w|TZ
z,	=���,	tH|�9nn[
Ge|�9
2Q6
/(�Hz5��.�a��H|,	GeK�9)Hz7℄�H|Ge�9n8�JE�
HlxU?4tH�9| 60%∼80%[70]. Qf�
H6�Hz��t|,	Gez�9�lx�
Hg,	tHM�):|P�
z�$��a��H|,	GeX_�$����O(�|[��%vR,	Ge�$�/&�|�I�|.�
FZ Saito �p2Q&� (001) .���| KNN GeX_[P|	�9�j"KB.�|2Qfy�_�y
℄
 KNN Gez'm~j�Jk
.6U�X_ (110) � 12 I7&
w.��AH�is��n65 (110) m (111) .�a��H| KNN GeMTvX_[P|�9��*%~�I3� KNN Ge2Q|�I#:.��U�_
9z,	�9��z�|YG
T
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Researches and Developments of (Na0.5K0.5)NbO3-based Lead-free

Piezoelectric Ceramics

DU Hong-Liang1, LI Zhi-Min1, ZHOU Wan-Cheng1, QU Shao-Bo2, PEI Zhi-Bin3

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an,

710072, China; 2. Electronic Materials Research Laboratory, Key Laboratory of Educational Ministry,

Xi’an Jiaotong University, Xi’an 710049, China; 3. The College of Science, Air Force Engineering Univer-

sity, Xi’an, 710051, China)

Abstract: Lead free piezoelectric ceramics with perovskite structure have attracted considerable

attention as new piezoelectric materials because of their good piezoelectric properties. In this

paper, The research progress and trend of (Na0.5K0.5)NbO3-based ceramics were summarized and

reviewed with emphasizes on the addition of new compositions and sintering aids, ions substitution

and processing techniques. The future research works for the developments of (Na0.5K0.5)NbO3-

based lead free piezoelectric ceramics were also suggested.

Key words lead free piezoelectric ceramics; perovskite structure; piezoelectric materials

(Na0.5K0.5)NbO3


