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Abstract: Ferroelectric and piezoelectric materials are very important functional materials and have many important appli-
cations in the national economy, high technology and national defense industry. As lead—based ferroelectric materials are of
rich types, excellent performance, low cost and other advantages, they are widely used. With the development of environ-
mentally friendly and sustainable society, the harm of lead—based materials on human and environment has gotten more and
more attentions, so the environmentally friendly lead—free piezoelectric materials have become the important research direc-
tion. There are two types of lead—free piezoelectric materials concerned about in this paper; (D BaTiO,(BT) , Bi, ;Na, s TiO,
(BNT) and (K, Na)NbO,(KNN) lead—free piezoelectric materials have been studied extensively because of their morpho-
tropic phase boundary (MPB) or polymorphic phase boundaries (PPB) structures, by which makes the materials to exhibit
excellent piezoelectric properties; (2) bismuth layer structure and tungsten bronze lead—free piezoelectric materials present
high Curie temperature and obvious anisotropy. Based on the literatures of lead—{ree piezoelectric materials, this paper sum-
marizes the recent advances in component design, phase boundary construction and performance control, and material prepa-
ration, at same time discusses the effect of ion or compound doping modification and the preparation process on the properties
of the material. It also analyzes the challenges in the preparation of the lead—{ree piezoelectric single crystal and the benefits
of the space growth of the complex solid—state single crystal. On this basis, we prospect the future development tendency of
lead—free piezoelectric materials.
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Fig. 1 Piezoelectric property (ds; and kp) of KNNLS—-xBZ ceramics

in dependence on content of BaZr0,"*!
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MO e R RS R P &, 7 H: MPB B il 5 &
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(1-x) Bi,s Na,, TiO, —xBaTiO,( BNT-BT) — G{k &,



F4H U

754 JUEY AR 283

XRD FREIZE R FK W], x=0.06 ~0.07 (415 Hi%x It
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LR S, ZICF& BNT JERH i 30 b ali BNT B2 fd i He

HLPERE; J35h, BNT B:fn iR N5 o, 11 BEAL R
M o
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—o SR, BZAREEAG AT RE A SEEe M BB E A K PZT [ i
MR, NEGEIZ MR R RE IR T O R BT TAE, @
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Fig.2 KNN-LN crystals grown by a Bridgman method on the ground
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Fig.3 KNN-0.05LN crystal (left) and KNN-0.05LN :Mn crystal (right)
grown by addition of flux
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Fig. 4 Side view (left) and top view (right) of KNN-0. 05LN crystals
grown by addition of flux
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Fig. 5 Dependence of the dielectric permittivity on temperature

for 0. 95KNN-0. O5LN crystal grown by a flux method
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Fig. 6 Domain structure and phase transition of 0. 95 KNN-0. O5LN crystal
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experiment Csl (Eu) (right)
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