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Abstract: We investigated the microstructure, crystal structure, dielectric, and elecromechanical strain properties of lead-free
BaTiOs3 (BT)-modified (Bi12Nai2)TiO3-SrTiOs (BNT-ST) piezoelectric ceramics. Samples were prepared by a conventional
ceramic processing route. Temperature dependent dielectric properties confirmed that a phase transition from a nonergodic
relaxor to an ergodic relaxor was induced when the BT concentration reached 1.5 mol%, interestingly, where the average grain

size reached a maximum value of 4.5 pm. At the same time, enhanced electromechanical strain (Smax/Emax =

600 pm/V) was

obtained. It is suggested that the induced ferroelectric-relaxor phase transition by the BT modification is responsible for the

enhancement of electromechanical strain in 1.5 mol% BT-modified BNT-ST ceramics.

Keywords: Lead titanate, Ferroelectricity/ferroelectric oxides, Piezoelectricity/piezoelectric oxides, Goldschmidt tolerance factor
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A Al A= (Bi2Nai2)TiOs(BNT)A],
Ko.sNagsNbO3(KNN)A|, BiFeO3;-BaTiOs(BF-BT)A %
BaTiO3(BT)7]8r (Ba, Ca)TiOs-Ba(Zr, Ti)Oz(BCT-BZT)
A ez g=f Y 7KKz &2 4 Aot [11,12]. L 5
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(Bi12Nai2)TiO3(BNT)= HZEATIIO|EY RS 714
0 v A =2 YHAEAY IH7 23(A) B4 7HR
e}

A A g 7IREe] FA A2t AS tiRE &~ = 1‘41317%*
Al 24 F sh= of A1 9k [13]. ofgt, PZTA ¢
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+ Z717} 6 kV/mm o]4go] B @ sttt Dol Qltt [14].
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th R 22 U EQITH[19]. £, ol 59 ol 9
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L 592 pm/VO Snax/Emax W= B 5 AL, TFHE 5
91 ﬁ—_r" 7;-3-74'0“ 9‘]3}3 0.76B11/2Na1/2T103—O.ZZSFTiO3—
0.02LiNbO3(BNST-2LN) Ml2t2l A= 616 pm/V(4 kV/mm
RAAPIA)S] =2 Snaw/ Emax 5782 HQITH [20,21]. E5F
(1-x)(Ko.sNao.5)0.95Li0.0sNBO3-xBio.5(Ko.15Nao.g5)0.5s TiO3(( 1 - x)
KNLN-xBKNT) A2t AofA x=0.01¥ T, 4 kV/mm
AANA  0.14%9]  Swax WS UEUHAL  [23],
0.715BigsNagsTi03-0.065BaTiO3-0.22SrTiO3(BNBSTO0.22)
A2t A= 4 kV/mm A oA 0.2%2] Siax w2 WEFU]
AT}t [24]. ESF BigsNagsTi03-0.01CaTiO3-0.28SrTiOs
(BNT-CT-28ST) A2t A= 4 kV/mm A oA Spax 4t
o] 0.25%5 UEW [25], 0.765BijNay,TiOs-
0.01KTa03-0.225SrTiO3(BNT-KT-22.5ST) Aj2f2] A 9]
3% 3kV/mm A E A7I5HH Spax 0] 0.235%01 &=
o]-Oj‘\q- [26]. o]2{5t ¥ 1158 1 a5tH BNT-ST-ABO;
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function generator, model 615-3, Trek, USA), A& 7}
H 2] W37 (linear variable displacement transducer,
LVDT, model M921565A709, Mitutoyo, Japan)et @A
2] A A = (Oscilloscope, TDS 3014, Tektronix, USA)E
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Fig. 1. Linear shrinkage and relative density values for BNST22-
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Fig. 2. Microstructures of BNST22-100xBT ceramics as a function of
BT content, (a) x =0, (b) x=0.01, (c) x =0.015, and (d) x = 0.02.
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Fig. 4. Temperature and frequency dependence of the poled (top) and
unpoled (bottom) dielectric properties for BNST22-100xBT ceramics
as a function of BT content (a) and (e) x = 0, (b) and (f) x = 0.01, (¢)
and (g) x=10.015, (d) and (h) x = 0.02, respectively. All samples were
poled under an electric field of 4 kV/mm for 20 min.
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domain)o] 274 Aj(disordered)si Al Y @A &
= ZFeXMBdA(short-range ordered ferroelectric
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ceramics as a function of BT content, (a) x =0, (b) x = 0.01, (c) x =
0.015, and (d) x = 0.02.
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Fig. 6. Uni-polar strain curves (at 4 kV/mm) of BNST22-100xBT

ceramics as a function of BT content.
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