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(1. `YUgef
Tj℄dWiX[lVahb�Q\ 100084; 2. Q\^ZUgR_^gjWSgk�Q\ 100083)L I� - PZT >J Ag �YgM=�T 1200◦C x<jX�Y�p"/l�; PZT/Ag ��(=��.�pmp66; Ag ^�h� Ag �Y i!H�%iG PZT �p^ Pb x�|9Æ7�x�t/-Un Ag ^Æ(O
�%T PZT PQp� w PZT/Ag tRp�6<�Z#x~A
9^ Ag SS Pb |�; PZT ^��kj�T 0∼15vol% Ag 7�~e℄��;
PZT/Ag $_��(=^vl�_�x~ovl4; εr E Ag :9^�H�~gzkC (At7�h� 1vol% Ag) ^|-� #��<DI+vlQpT_Ylev�7qvl4;W_^�j Maxwell �:�T�� p) A k(��S>�D�9^*LPD�r1;�9vl4;^34�H��g/?DTb7�~e℄� Ag+ �S Pb2+ kbvl4; εr  qxY�<�E} Ag :9^W_� Ag ev��1
ah/^A�vl2W_;vl4; vfqxY�<�� ' �� PZT/Ag; ��(=�vl4;O>�-!�TQ 174, TM 22 �C�92�A

1 KGh<s�H\_=�e
�m~osZquS_��"	pP�%aNqq* (FGM)�mML~os_�\Hm�~$7[,{ [1∼3]. Y7>I�\��.�F~os8�Nq�A-$[_�m�a�&℄ 8�-Uam3�=y�E�m	:1��F�n_:�:�Nu�dKO�BuSG_:3Xr�pr�ML / z8%aNq�m~os [4,5] 0Y7U�mMLRRrU`z8gw�$n� 8�-_�m�a�I${s�<uS��_pP�ux�Ez8gw�_`�JX`<MLRR_r������<�m~os_�1�a�ML / z8%aNq�m~os 8�-_�m�a[�-_wm�aQv�,�ML / z8�A*?_�,wm��m�a�I3I0}�8�Nq>I�\_<�RE�5M�B�$w\�.$[8��f^ML / z8%a�A*?_wm��m�a�I3I��,��Y�\<$[_ML (wmR)/ z8�ARwUR8��f (>5vol%) ^�E�E	:8r_wm5<!� [6,7], W�z�8��f^_�,<��,%��gw�z80SU$[_ML / z8�ARwrsEwm5<_;�3I&0$[_��o�V PZT/Ag�h��Rw (pWm��m�a_��,UCo�\ [8]), jUn�_8��f^ (0∼15:�75	 2005–03–28, :�E��75	2005–05–30$+D3	 4^����Qy (50325207, 50402002); "+D��Qy (2004036047)PN&*	 \9G (1975– ), \�"+D� =F.A6	 -��� E-mail: jingfeng@mail.tsinghua.edu.cn
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vol% Ag) w\d�� PZT/Ag �A*?_wm�aF Ag ;:_�I3I�hML / z8%aNq�m~os_dq*�\O&�,_m��a<��
2 �0%8H��% G=_N*?h PZT 	Z (Zr/Ti �
 0.516/0.484; i�2

 0.97µm; PZT-LQ,

SakaiI�#''>���) ? Ag 	Z (Kq
 99.9%; i�2

 2µm; �KqI�h'>���). U 0∼15vol% Ag 8��f^� PZT ? Ag 	Z>��XNAEU 100MPa y�W�FEU 200MPa y}�'a��G,�6#U
�_"IH	
^}��q�!U6#uf�k PbZrO3 	Z�g6#r Pb _7:Ly�U 1200◦C y�n 1h.�qE℄[_#h=PQh φ13mm×1.5mm,= X����+ (XRD, Rigaku, D/max-RB,

Japan) 
, PZT/Ag �A*?_�q*�=1	-. Ag gw�_�&�U�Um	y=am}�LC��U.L, Ag LCU PZT RRr_�&{"�U3ny=���v+ (HP

4294A, Hewlett-Packard, US) ,6Oe|#h_wm5<�
3 8H( "<1^ 1 h�qE PZT/Ag �A*?_
XRD^m��^ 1�e��/�A*?_�qnqP�E6_�i (961◦C), W!j-.[ Ag _"IuO_ Ag H PZT r_ Pby�}:�8Az�$[8��A*?r_
Ag �.Vo�)OU�xF~ Ag ;:_X`�U?����lk (2θ=38.3�44.5�
64.7 � 77.6◦)Ag _��uqwgX`�^
2 r_}d^ezCd�V< PZT/Ag �A*?r Ag gw��2_�&{"��^
2(b) �e� Ag �2PÆ�&U PZT RRrx Ag �2_R�$)�prnR_ Ag

℄ 1 �pC PZT/Ag ��(=^ XRD ℄l
Fig. 1 XRD patterns of PZT/Ag composites

after sintering

℄ 2 PZT/Ag ��(=^0�|
℄d
Fig. 2 OM images showing microstructures of the PZT/Ag composites

(a) PZT; (b) PZT-15vol% Ag�20�EU�q7;r Ag _#Æ_Æ�8�U.t_��ry� [8], F~ Ag ;:_X
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450 q S ( = � � 21 �`� Ag �2db_�)wgd��.
U PZT-15vol%Ag�A*?r�'�=PnR_ Ag�2�F5ouU
'�8<5Y_bN|q*�^ 3 h PZT/Ag �A*?_�Um	-.q5�^ 3 r_ SEM ^ezCd}*< PZT RRr_ Ag gw��2��.y� Ag H
PZT RR_uSqA%��sV}_�
�℄Sa��OU�^ 3 r Ag 8�_��U�V��:_ Ag }�< PZT _��dr��E Ag+ �
 (1.26Å) ? Pb2+ �
 (1.20Å) �5o~ [9], 5u Ag+ B	0U�A��!q* (ABO3) _ A l�T Pb2+, `[$&BzE Ag+� PZT _��}�#Æ�C)�S� Ag � PZT �u&�BB�_#ÆDK�5M�U�q7;r Ag �U PZT RRr2�d�&�}u;� PZT RR_�,m��a�I�

℄ 3 PZT PQp Ag ev��1^KB��T
Fig. 3 Ag element distribution across a Ag

particle embedded in the PZT matrix

^ 4 h PZT/Ag �A*?_wm5<F,6gK_�I�$[8� Ag ;:�A*?_wm5< εr �F,6gK f _X`uyl�N50[
A<WIUm7[<m3gK_;� [10]. ^ 5 h PZT/Ag �A*?_�Kwm5< εr(f=1 kHz) F Ag ;:_�I��^ 5 �e�X Ag ;:X`h
1vol%$��A*?_wm5<yl�X Ag;: >1vol%$�wm5<�'wg�!!eh 15vol% Ag. )Æu��U`Zmgw�_wmR_wm5<�.!� Maxwell �;$}�n=_J, [7]:

ε(V ) =
1 + 2V

1 − V
εp (1))r εp ? ε(V ) ��hK PZT .Y PZT/Ag �A*?_wm5<� V h Ag gw�_RV�<�^ 5 r��h!� Maxwell �;_,MJ,q5�%�hB<K_ PZT apH[�; Ag #h_bAq5�8V�U 0∼15vol% Ag �f^~�i���.�[� PZT/Ag �A*?_wm5<�I!$�A Maxwell �;��wm5<_45�I�.!��,,M�As2�

℄ 4 PZT/Ag ��(=^vl4; εr E+5fJ f ^�H
Fig. 4 Changes in dielectric constant εr of

PZT/Ag composites with the measuring fre-

quency f

℄ 5 PZT/Ag ��(=^vl4; εr E Ag:9^�H
Fig. 5 Dielectric constant εr of PZT/Ag com-

posites as a function of Ag concentration^ 6(a) G*h�A��!q* (ABO3) *2^�0Sz8)�aÆ�T��!q*_
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A �B lk�.Y�T A lJ0 B l����E0Sz8)��
H A lO B l)��
_/4�
tG:� Ag+ �
? Pb2+ �
�5o~�5u Ag+ B	0�T A l_ Pb2+,p)��T}:)�.�*h

2Ag++2Pb2+

→2Ag′Pb+V··

O (2)C5h Ag+ _m�� (7.576eV) P�E Pb2+ _�:f (15.032eV), G. Ag+ �T Pb2+ EMs��!q*r_"
SR1�;��}u;�"
SRr� Ti4+ _)�l*:��sl
< PZT RR_wm5<�C)�S�gw�z8_PÆ�&8r_�E	:CMX`�A*?_wm5<� PZT RRr Ag �2_�&{"��^ 6(b) G*W
$�* [7]: F~
Ag ;:_X`�'� Ag �2�FoF�8
'bN [8]. �oF_8� Ag �2Ypdb_mwo�4h)�m	sw\�Z Ag �2���hm	s_mW�ub��A*?���$[ Ag �2db�8_m	s_I�!4�A�
^ 6(c) G*�m	sI�!4�A_q5�RRX`< PZT/Ag �A*?_wm5<�

℄ 6 PZT/Ag ��(=vl4;�H^*Lr1
Fig. 6 Explanation of changes in dielectric constant of PZT/Ag composites

(a) Schematic illustration of the complex perovskite ABO3; (b) A model of the percolation theory[7]; (c)

Schematic representation of the effective dielectric field��G:� Ag+ )��T	:? Ag �2�E	:�j;� PZT/Ag �A*?_wm5<�I���\ Ag+ U PZT MLr_�sqQh 0.2mol%[11], 5M�U�oG��_b�8��f (0∼15vol% Ag) ^� Ag+ )��T8r_wm5<l
	:j'sOU�Un
_8��f^ (<5vol% Ag), �E�: Ag �2RE�E	:8r_wm5<X`�$V}�5M�A*?_wm5<9�l
_}.�F~ Ag ;:_X`�wm5<�'R�X`!��< Ag+ )��T	:8r_wm5<l
�5M PZT/Ag �A*?_wm5<�'R�X`�!x��I}.H Maxwell �;_J,�)i�5M�^ 5 rG*_ PZT/Ag�A*?wm5<_�I0 Ag+ )��T	:? Ag �2�E	:8tu,Um([�=_q5�`#_s2�.&`[pH�,_ML / z8�ARw_wm5<�I�
4 (1

1. . PZT ?K Ag 	Z�hN?�=kY�q�{m�< PZT/Ag �A*?�pr Ag.Vo�)OUx Ag gw��2H PZT RRdb_uSqA7=�
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2. PZT/Ag %a�A*?_wm5< εr F Ag ;:_�I��h{lE! (Bu8�i
 1vol% Ag) _}.�!$�A�k_ Maxwell ,w�!�)��T?�E	:swm5<_�:�I}.}�<,Ms2
 Ag+ �T Pb2+ �?l
< PZT RR_wm5<�F~ Ag ;:_X`� Ag �2dbi0_B	wm3X`<�A*?_wm5<!wgryZ�=��,?B
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Dielectric Constant Anomaly in PZT/Ag Functional Composites

ZHANG Hai-Long1,2, LI Jing-Feng1, ZHANG Bo-Ping2

(1. State Key Laboratory of New Ceramics and Fine Processing, Tsinghua University, Beijing 100084,

China; 2. School of Materials Science and Engineering, University of Science and Technology, Beijing,

Beijing 100083, China)

Abstract: The PZT/Ag composites were fabricated via conventional powder processing at 1200◦C

by using PZT and Ag powders as the starting materials. Although the sintering temperature being

higher than melting point of Ag, the pure Ag particles were homogeneously dispersed in the PZT

matrix with sound PZT/Ag interfaces, and no metallic alloys between Ag and Pb were formed.

At the same time, a small quantity of Ag was found to diffuse into the Pb-lattice. In the range of

0∼15vol% Ag, the dielectric properties of the PZT/Ag composites were investigated. The results

show that the relative dielectric constant εr first decreases when Ag concentration is <1vol%, and

then increases gradually up to 15vol%. This dielectric constant anomaly was explained on the

basis of A-site cation substitution of perovskite structure as well as the percolation theory. In the

lower Ag concentrations, the Ag+ substitutes Pb2+ and decreases the dielectric constant and this

is the dominant mechanism; with the increase in Ag concentration, the effective dielectric field is

established to increase the dielectric constant and it gradually becomes the dominant mechanism.

Key words PZT/Ag; composite; dielectric constant


