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æ ^ D Ú � ��( ó ², ( Ü AÏ� í ¨ � � Eâ, � �
� � a ? (KNN) Ä Ã Y ß ² >
b xBa(Sc0.5Nb0.5)O3-(1 − x) (K0.5N0.5)NbO3 ({� xBSN-(1 − x)KNN). ¿éÙ�*(�!0>!c>5UÚ
1Æß1Ç?1
ïÄ. (JL²TNX>bäkOá�Wv¶(�, vkÙ¦,�, ¬â�����1Å���,

pÝ��, Ã²w�¬.�3. 3 x = 0.05�, d33 �p��� 110 pC/N, 2Pr �� 25.4 µC/cm2. Ó�Tá�äkû
Ð�ß²5, 3��1��S, ßLÇ�� 54%�m, Cù	 2500 nm ?, ßLÇ�C 83%,´�«k"��YÄß
²>b��¸lÐ.ÃYß²>b.

'�c: ��a?, ÃYß²>b, ßLÇ, ¬.

PACS: 77.84.−s, 78.20.Ek, 78.20.−e, 78.55.−Hx

1 Ú ó

ß²>b5U`É!A^2�,´�a�É'
5�#.á�. ùaá�´#.1>fá��ì�
uÐ�Ä:,´y�&EEâ!�51O�ÅEâ
Úk?��Eâ�'�.

8c®²¤õmu�ß²>bk�z¾ß
²>b!�zkß²>b!�z¾ß²>b±
9 PLZT >1ß²>bÚ-1ß²>b� [1]. 3
ù
ß²>bNX¥, ÃYß²>bX�zÔ [2]!
�zÔ [3]!ÍzÔ!1zÔ!ÝzÔ9ÁzÔ�
k
áu-1ß²>b, k
áuù	ß²>b!
k
äkðcA5, �,õUØÓ, �k���Ó
�A:Ò´é�(á��XÝ!®N�[Ý!�
(ó²9�(§Ý�¦4p, ¤±�ÒO\
�
��JÝ [4]. ¹Yß²>b�ä�L5�´ PLZT

>1>b, ù´�«;.�ß²c>>b,1970 c
d Haertling[5] æ^AÏ�9Øó²��¤õ, ù
«á�äk�p�1ßLÇÚ>1�A, <ó4
z��äkØ>!1ÆVò��A5, Ì�^u

��1N�ì!1P~ì!1�lì!1m'�
1>ì�, ���¤ PLZT ��, 3>1Ú1Æ�
¡äk�õ�A^ [6]. �´� PZT Ø>>b��,

PLZT >b�Ì�¤© PbO �¹þp� 70%, d
u PbO ´�«´�u�kÓÔ�, Ïd3��!
¦^Ú¢ï�?nL§¥½é<aÚ)��¸E
¤Ø�_=��³ [7]. Äud, ­.�IÑá{
B�kÓÔ�3>fì�¥�¦^ [8,9], Ïdmu
ÚïÄÃYØ>>b!ÃYß²>b´��;½
�äk­��¬²L¿Â��K [10]. 3é KNN

>bU5�L§¥, uy�« KNN ÄÃYß²>
b Ba(Sc0.5Nb0.5)O3-(K0.5Na0.5)O3, 8c�vk�
��'���. ù«>bäk�(N´, ��Ýp,

(�­½, ��1ßLÇ�C 54%, Cù	ß²�
A5,´�«ékA^cµ�ß²>b.

2 ¢ �

3DÚ�>b��ó²Eâ�Ä:þ, (ÜA
Ï�í¨��ó², ± K2CO3 (> 99%), Na2CO3 (>
99.8%), BaCO3 (> 98%), Nb2O5 (> 99.99%), Sc2O3
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(> 99.99%) �Ð©��, �â xBa(Sc0.5Nb0.5)O3-

(1−x) (K0.5Na0.5)O3 (x = 0.01—0.2)({P� xBSN-

(1 − x) KNN) >bNX�zÆOþ?1��. Äk
ò��·ÜÔ�Ä¥� 8 h, ¿©·Ü!®��,

3 860 ◦C e, ² 3—5 h �ý�Ü¤>b®N; �
g¥�Ü¤��>b®"¿©ï�!óZ�, \
\·þ� PVA Å(J, L 100 8ç�Eâ��6
Ä5ûÐ�þ!�â, 3�½ØåeZØ¤., ¼
�þÝ� 1.2— 1.5 mm!�»� 10 mm �).¡,

¿3 1140—1200 ◦C e�( 2 h �����>b
¡. �(L§¥5¿ü:, �´5¿í¨�o, �
� K, Na ���u����zÆ�'�ï; �´5
¿üÊ�§ÝÚ�m, ±~�>b¡¥�í�Ú
,�, ù´��ß²>b�'�. ��5UÿÁ©
Oæ^F� JSM-5800 .×£>fw�º*ÿ>
b�¬îä¡��*/m, ^F� JACSCO úi
� V-570 . UV/VIS/NIR ©11ÝOÿþ>b�ß
LÇ, 4z´3 120 ◦C 7h¥ 2.5—4 kV/mm ^�
e^� 30 min ¿©4z, d33 æ^ ZJ-3A O·�ÿ
þ¤ (¥I�Æ�)ÆïÄ¤) ÿþ.

3 ¢�(J�?Ø

3.1 ���(((���

ã 1´ xBSN-(1− x) KNN ß²>b� X��
û�ã. ã 1(a)´ x = 0.05 Ú x = 0.1 |©3 1190
◦C �(ß²��û�ã, ã 1(b) ´ x = 0.1 ©O
3 1185 ◦C, 1190 ◦C, 1195 ◦C ØÓ�(§Ý� X�
�û�ã. ãÌL²: �X KNN �(�ØÓ, �
X x �O\, (111) ¸��, xBSN-(1− x) KNN ß²
>b�Oá�Wv¶(� [11], vkÙ¦?Û,¸;

Ó�|©3ß²�(§ÝNC, �X§ÝCzE´
á��. ¯¤±�, ¬N(�é>bõ¬N�1Æ
5Uåû½�^, ��K�Ùß²5. >bá�¥
�¬â��´?¿�, ò�Ç�UC�ûu¬N�
(¬¶��� [4,12].

XJ± x1, x2, x3 L«¬Nò�Çý¥N�n
�Ì¶, ± n1, n2, n3 L«�AÌ¶þ�ò�Ç, =
Ìò�Ç, K¬NÌò�Ç��AÌ¶A÷v

3∑
i=0

x2
i

n2
i

= 1.

éuü¶��É5�o�¬X!n�¬X!8�

¬XduVò�y�Ú¬..¡����, ùa¬
Né1�ßLÇ�$; éu�¶��É5�ü�!
n�!��¬X, duVò�y�9¬..¡��
��²w, ¦�ßLÇ�$$�Øß1. �éuá
�¬X�õ¬¬â, n1 = n2 = n3, =ò�Çý¥
N�n�Ì¶þ�Ìò�Ç��, Ïdäk1Æ�
�Ó5, ÃVò��), =k¬..¡��, é1�
ß�aquß²Àæ [4]. ß²>b�õ�á�W
v¶�(�, ¬â��äk��Ó5, ÃVò�y
��), ¬�N´;�æÈ, ~�¬.NC��Y
?
~�û��, ��ß²��J. Ïdl(�þ
w xBSN-(1 − x) KNN >bduÙá�Wv¶(�

äk
1Æß²�Ä:.
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ã 1 xBSN-(1 − x) KNN ß²>b� X��û�ã (a)
x = 0.05, x = 0.1, 1190 ◦C � X��ûã; (b) x = 0.1 ©
O3ØÓ�(§Ý� X��ûã

3.2 www���(((���

ã 2 ´� ¬ � ä ¡ × £ > º. Ù ¥ ã 2(a)

´ 1180 ◦C�(� 0.05 BSN-0.95 KNN >b, ã 2(b)

´ 1190 ◦C�(� 0.1 BSN-0.9 KNN >b. lã 2

¥�±wÑ, ü«|©� BSN-KNN >bä¡þ�
~��, vk�É, vk"�, ¬.pÝLK. �©
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E�¬â��²þ� 200—300 nm. xBSN-(1 − x)

KNN >b�éu KNN >b, ���«O3uc
öpÝ��, CÄ��{ÿ�Ù�þ�Ý� 4.75

g/cm3 (x = 0.1), �CnØ�Ý, ��u KNN >b
��þ�Ý (4.30 g/cm3)[13]. �þ�Ý�ÌJp�
�Ï�U´: ��¡3 A  Ú B  Ó��\Ø�
d�� Nb5+ �»�C� Ba2+, Sc3+ lf, ×��
)Wv¶ Ba(Sc0.5Nb0.5)O3 �MN, T�MN��
1n|�, /¤
 KNN-ABO3 #.zÜÔ;,��
¡ Sc2O3 �\\aqu3 KNN ¥\\ CuO, �±
å��(ÏJ��^, $d� Sc3+ lfÓâ KNN

� B  , 3 KNN ÄÃYØ>>bNX¥�)�þ
��� , k�/Jp
ÃYØ>>bNX��Ý,

`z
�(5U, ?
UCÙ>Æ5UÚ1Æ5
U [14−19].

(a)

(b)

1 mm

1 mm

ã 2 1190 ◦C �( § Ý e � ¬ � SEM ì ¡ (a)
x = 0.05; (b) x = 0.1

ÊÏ>bØß²�Ì��ÏØ(�þ�Ï�
	, �kÒ´du>bSÜ��É!¬.9,�E
¤1´þ�ò�ÇCz, Úå1�ò�!û��l

�>bNáÂÃ{Bß>b. ß²>b´rp�

þ�>bÄ.æ^�½�ó²3�p�§Ýe�
(, ~�>bSÜ��a"�, ��(���, �»
¬., ~��É, �¦>bé1�ß² [4,12,20].

3.3 ßßßLLLÇÇÇ

ßLÇ´ïþ�«ÔNß1�+�Ì��â.

ßLÇ�u 10%½Â�ß²N, �u 10%½Â�
�ß²N [4]. ã 3´ x = 0.05, 0.1 Ú x = 0.15�
3 1200 ◦C�(� xBSN-(1 − x) KNN ß²>b�
ßLÇ. ÿþ¤ì�F� V-570 . UV-Vis-NIR ©
11ÝO. ÿþ�� 399—2500 nm, �¬þÝ 0.4

mm, ÃóÅ��1. Ù¥ 0.05 BSN-0.95 KNN 3
��1 (400—760 nm) ��SßLÇ� 15.50%—

30.74%, 3 C ù 	 2500 nm ? � � 56.50%; 0.1

BSN-0.9KNN 3��1 (400—760 nm) ��Sß
LÇ� 16.42%—47.69%, 3Cù	 2500 nm ?�
� 69.43%; 0.15 BSN–0.85 KNN 3��1 (400—

760 nm) ��SßLÇ� 16.45%— 53.49 %, 3C
ù	 2500 nm ?�� 82.35 %. ßLÇ­�L²,

�X x �O\, �AÅ�?1�ßLÇO\; �
XÅ��O�, Ó�|©�1ßLÇ¥yk5Æ
�Cz, Ù¥3��1ÅãO\�ù	Åãì�.

ã¥��I«?­��âC�U´duÿÁ¤ì
¥1
Å��Cz�)�, ØA´ß15Æ�C
z. �éu PLZT ��1 70%�ßLÇ5`, xBSN-

(1−x)KNN ��1 53%�ßLÇØ��p, �éu
ÃYß²>b®²´ã��?Ú, ��k�U��
YÄß²>b.
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�(c�¬�» 10.0 mm,�(��¬�» 9.0 mm,

»�Â Ç 10 %.

ã 4 BSN-KNN ß²>b��¬¢Ôã

3.4 000>>>!!!ccc>>>555UUU

éu xBSN-(1 − x) KNN ß²>b, ?�Úï
Ä
Ù0>!c>5U. 0>5Ud HP4192A ÿ
Á, >¢£�¦^ AIX ACCT úi� TF2000F-E c
>©Û¤ÿÁ, (J�ã 5!ã 6.
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ã 5 L², 0.05 BSN-0.95 KNN ß²>b�Ø
p§Ý Tc � 276 ◦C, To-t ��£�
 157 ◦C NC.

�X KNN(Tc = 420 ◦C) >b�', Tc, To-t �ü
$���Ï�´1n|� Ba (Sc0.5Nb0.5)O3 ��
), ���Ï�U´ Ba ����¦�¬�¥�)


 A  �lf� , gu4z�ÍÜ�^~f, c
>N�§Ý­½5�Nü$¤��. ­�dþ�
e©OéA 1 kHz, 10 kHz, 100 kHz Ú 1 MHz, v
k²w�ªÇ�Ñ�A. ã 6 w«, 0.05 BSN-0.95

KNN ß²>bäk²w�c>5. ÿÁªÇ 1 Hz,

Emax � 3.3 kV/mm, äk�p�FØ5; 
�| Ec

� 1140 V,�{4zrÝ 2Pr � 25.4 µC/cm2. ¿©
4z�ÿÁL² 0.05 BSN-0.95 KNN ß²>bä
kØ>5, d33 � 110 pC/N.
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4 ( Ø

1) Ã Y ß ² > b xBSN- (1 − x)KNN ´�
« KNN Ä�U5>b, x = 0.01—0.2 ��Sþ
äk�Ð��LA5, ¤bN´, �(§Ý��
° (1140—1200 ◦C), >bÉ~��, Å�rÝ�, Ø
´»�; 2) ��1��SßLÇ���� 53%�m,

Cù	ßLÇC 83%, Ïdk"��YÄß²>b,

¢yß²>bÃYz; 3)KNN Ä� xBSN-(1 − x)

KNN ß²>bäkûÐ�0>5UÚc>5U,

Øp§Ý3 280 ◦C �m, d33 � 110 pC/N; 4) ?�
ÚïÄuy, ^ La, Ga ���O� xBSN- (1 − x)

KNN ¥ Sc ��, ½äkß²A5. Ïd, é KNN

Äß²>b�©�?1
ÐÚ&¢, ����ÃY
ß²>bNX9Ù>15U�k��\ïÄ.
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Abstract

Using conventional solid-phase sintering technique combined with a special atmosphere controlling technique, KNN-based lead-

free transparent ceramics, xBa(Sc0.5Nb0.5)O3-(1 − x) (K0.5N0.5)NbO3 (xBSN-(1 − x) KNN), are prepared and investigated. Their

microstructure, dielectric performance, ferroelectric performance and optical transparency are investigated. The results show that such

ceramics are each with a pseudocubic-Perovskite structure, without any other impure phase. Their grain size is comparable to the

light wavelength and the grains are highly condensed without evident crystal borders. For x = 0.05, the d33 reaches up to 110 pC/N

maximally and the 2Pr = 25.4 µC/cm2. Moreover, such ceramics are each with an excellent transparency. Their optical transparency

reaches about 54%, In the near-infrared wavelength 2500 nm, their optical transparency is near 83%. Such ceramics are a type of

environment-friendly lead-free transparent ceramics which may be promising in replacing lead-based transparent ceramics.

Keywords: KNN, lead-free transparent ceramics, transmission, crystal borders

PACS: 77.84.−s, 78.20.Ek, 78.20.−e, 78.55.−Hx
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