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Fig. 2 X-ray diffraction analysis of
0.36BiSc03-0.64PbTiO3 powders calcined at

Fig. 1 Differential thermal analysis graph of
original oxide mixtures with PbTiOs content
=60.0%, x=64.0%, £=67.0% before calcining different temperatures
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X1 EENE
Table 1 Density test results

PbTiOg3 fraction/% 64.0 64.5 65.0 65.5
Theoretic density/g-cm™3 7.730 7.734 7.736 7.738
Density/g-cm ™3 7.501 7.512 7.524 7.532
Relative density /% 97.0 97.1 97.3 97.3
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Fig. 4 X- diffracti lysis of sintered
Fig. 3 Thermal gravity analysis of '8 ray GIiraction analysis of sttere

0.355BiSc03-0.64PbTiO3 calcined powder
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samples with compositions near MPB
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Fig. 6 SEM photographs
(a) £=64.0%; (b) 2=64.5%; (c) =65.0%; (d) ©=65.5%



5 3 MILE, % AERAR (MPB) Mt BS-PT i s Hi M &5 7% 1131

AP, XAER b ORI N E. ER 5o, X 2=64.0% Fl 2=64.5% ¥ F 4 73 19 b1 Kl
<100> WEFD <110> . <200> WS A AN BEAL I 4 B0, <111> WA R R T 0%, R AH
X 2 43 0 B B BT 25 7 A AU 7 A R SR AR A T X 2=65.0% I 2=65.5% P i
WA, <100> 2% T 524240 B MG H <111> AT SEAL, Bt BS-PT B & O o i 51 4k
DU 7 5 k0 A 45 4

X AN R A R R RS, FTRAEH, 1100°C L4 nt iy BS-PT g %76 HER Y
AH FE B 3T 0 P25 SR R SE N 2~4pm, HAE o <65.0% BB Sk ER A 2 2t (0 38 Jon i w45 38 K.

9B F0 B M RE
3.3.1 frEERIESH

B 7(a) Sk HE[R] BUAR F i 0 BS-PT B % 0 v Fi 8 5OFN A L 35URE 76 A 22 a5 B ST 19 5L BE

30} (a)at 10kHz /“A_AA‘A. —u—x=64.0% 0 (b) at 10kHz
2 BV —o— x=64.5% ac
o, 25| Bge., | -a-xee50%| 20T
151
=} %A— x=65.5% = e
X 20t ,/jf/ /! = &F
0.15 A ot
J 10F
* o8}
a0y o =0Ty e 06
[ L n 4 At w O
E 0.05 EE!.:A:TE }} EE:iHi«'EA'nA AA—A:H:A“‘A rans st % D4
vy + 02l
0.00 1 1 1 i L L I 0.0 ! N 1 L 1. 1 L
300 210 420 430 440 450 460 470 480 490 500 0 100 200 300 400 500 600
Tc Ko

B 7 (a) tHAEMBER A RS (b) FEVEE A iR R
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B, Xt FAHRMIA (1-2)BiScO3-2PbTiOs P&, Y45 K v=64.5% Bf, EHHFE dss
P KME, =B FHAE A 500pC/N, X 25 T EH SR8 1 5 (460pC/N) £ 10%Y.
A BUAR R BHE A BS-PT Bg &bk A RIF A&k mrt. B 9 MEKBREYI & =4 B 64.5% |
65.0% . 65.5% MY HE G 7E IR T DU RS 2 0 5 R R IR0 2. DA T o BT LA M AR R o 1 R %
e Ak B8R 35 Wi KR A o o A R DR/, R O B R B K R B A A ORI K. 4 2=64.5%
B, TR AR B AT IE 44uC/em?, B 38 O 26k V /cm. [/ —FE 5 1 R4S 5 B3 1 OC R
25 B UM Bk L T OSSR BLH A& 10 PR AU BR <1 4. U RAORE 0 R BOR AR
EENT 3.5 %, HTEIMREL 1.5 % 1.

* 2 BS-PT REMERMES PZT REM/LHEASEERMENE
Table 2 Comparison of piezoelectric properties between BS-PT and PZT and other several

commercial high-temperature piezoelectric ceramics

Composition Phase T./°C KL ds3 kp k
USA Navy type II(PZT) Perovskite 365 1700 374 0.60 0.52
Pb(Zr, Ti)Os undoped Perovskite 386 730 223,053  0.37
(Ba,Pb)Nb2Osg Tungsten bronze 400 300 85 0.38  0.40
Nag.5Bis.5Ti4O15 Bismuth-layer ~600 140 18 0.02 0.56
LiNbO3 Corundum 1150 25 6 — 0.49
BiScO3PbTiO3(z=64.0%)")  Perovskite(MPB) 4502010 460  0.56

Our Study

BiScO3PbTiOs (z=64.0%)

BiScOsPbTiOs (z=64.5%) (

BiScO3PbTiO3(z=65.0%) Perovskite(tetragonal) 439 1670 439  0.56  0.71
( ) Perovskite(tetragonal) 441 1540 382 0.51  0.69

Perovskite(MPB) 433 1320 424 0.56  0.69
Perovskite(MPB) 438 1740/~ 500 0.59  0.70

BiScO3PbTiO3(z=65.5%
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Fig. 9 Single hysteresis loop of different sam- Fig. 10 Electric-reduced strain loop where
ples under room temperature =64.5%
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YE 7] TR AR SR 4% 14 B R0 RE B FE AR BB AT 3E 440°C Z2 4. AN I s b IS Y 45 001 1 BE 2 Rt 48
BN SGE E H AT S B R R AR R A PZT Mg R SE. ARy — i 2 i R s v M B b R
BS-PT [ &4 % ) Rl 89 B AT &t

S

1] Eitel R E, Randall C A, Shrout T R, et al. Jpn. J. Appl. Phys., 2002, 41: 2099-2104.
2] Shimojo Y, Wang R, Sekiya T, et al. Ferroelectrics, 2003, 284: 121-128.

3] Eitel R E, Zhang Shujun, Shrout T R, et al. J. Appl. Phys., 2004, 96 (5): 2828-2831.
4] Randall C A, Eitel R E, Shrout T R. J. Appl. Phys., 2003, 93 (11): 9271-9274.

5] Eitel R E, Randall C A. Appl. Phys. Lett., 2003, 83 (8): 1605-1607.

|
[
[
[
[
(6] FIALL, k&4, EXB. EHES5EYE, 1996, 18 (2): 126-135.

High Temperature Piezoelectric Ceramics (1-2)BiScO;-2zPbTiO3; Near
the Morphotropic Phase Boundary (MPB)

FENG Ya-Jun, XU Zhuo; LI Zhen-Rong, ZHANG Lin, YAO Xi

(Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education, Xi’an Jiaotong
University, Xi’an 710049, China)

Abstract: (1—2)BiScO3-2PbTiO3 (BS-PT) ceramics exhibits excellent dielectric and piezoelec-
tric properties in the vicinity of the morphotropic phase boundary (z=64.0% mol fraction PbTiOs3),
which separates the rhombohedral phase from tetragonal phase. In our study, the pure perovskite
BS-PT ceramics was obtained with compositions near the MPB for z varying from 64.0% to 65.5%
using traditional solid state reaction. The perovskite phase formation process and microstructure
were investigated and also the dielectric and piezoelectric properties were studied. The results show
that BS-PT ceramics with £=64.5% has an optimized piezoelectric characterization, its piezoelec-
tric coefficient dss can reach to as high as 500 pC/N at room temperature, the Curie temperature
(T.) can reach to 438°C, with the remnant polarization P,=44uC/cm?, electrical field reduced
strain 3.5 %. Our research results show that the BS-PT ceramics with the compositions near
the morphotropic phase boundary is a good candidate material for the piezoelectric actuator and

transducers.

Key words BS-PT; morphotropic phase boundary; high Curie temperature; piezoelectric ceramics



