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ABSTRACT

Lead-free ferroelectric ceramics are widely researched today for industrial applications as sensors, actuators and transducers. Since
Pb(Zr,Ti; ,)O3(PZT) has high Curie temperature (T¢), high piezoelectric properties near its morphotropic phase boundary (MPB)
composition and small temperature dependence electrical behavior, it has been used to commercial materials for wide temperature
range and different application fields. According to the tolerance factor concept, since the Bi®* cation with 12-fold coordinate has a
smaller ionic radius than 12-fold coordinate Pb>', most bismuth based perovskites possess a smaller tolerance factor. Therefore, MPBs
with a higher T may be expected in Bi(Me3+)O3—PbTiO3 solid solutions. As in lead based perovskite systems, it is clear that we need
to explore more materials in simple or complex bismuth based MPB systems. The objective of this study is to investigate the Bi(N1;_
.X4)03-PbT10; O(=Ti4+, Nb5+) perovskite solid-solution. For improving the electronic conduction problem, the magnesium and

manganese modified system was also studied.
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Table 1. Bi(Me, “Me,, " )O;-PbTiO; Perovskite Binary Systems

+3 +2 +4 +2 +5 + +
Me Me”, Me Me >, Me Me'2, Me™®

gig:&3 Bi(Coy,Ti12)05  Bi(Coy3Nby5)0;
BiGaO, B}(Mglfzsl_'ll/z)03 B}(C02/3T31/3)03
BilnO, Bi(Mg,,Ti1 )O3 B%(Mg2/3Nb1/3)03
BiMnO, B%(Mgl,QZ.rm)Og, B1(Mg2/3Ta1/3)O3
BiScO; Bi(Zn;,T1; )05 Bi(Zny;Nb, 5)04

BiYbO, Bi(Zn,,Z115)05;  Bi(Zny;3Tay3)0;

B%(C03/4W1/4)03
B{(Mg3,4W1,4)O3
Bi(Zn5,,W1,4)05
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Fig. 1. X-ray diffraction patterns for (a)BNT-PT, (b)BNN-PT
systems with increasing PT content.
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Fig. 2. The lattice parameters and c/a ratio for (1-0)Bi(N1;,Ti;»)
03-(X.PbTiO3 system.
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Fig. 3. Phase diagram of (a)BNT-PT, (b)BNN-PT systems
showing Curie temperature.
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Fig. 4. Dielectric permittivity and loss as a function of tem-
perature (a)BNT-PT, (b)BNN-PT systems.
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Fig. 5. ds; after poling in (2)BNT-PT, (b)BNN-PT systems.
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behavior for (a)BNT-PT, (b)BNN-PT systems.
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£ Fig. 89l /MF=2 Yepfigich sfA gt A2 A<
o] 7ol A Yol ol g &L oA F=535)
o o]& AFE FA ReHojof gttt T vFE A7
Ax FAo] Aoz B AFo)|A perovskite 132 B
Ao Aol Nio]l HF7HE ¢S B4 = Ut
Mol Niol o8 A71A% A7} acceptore] H7IE
MAE AL FAd 5 Stk o]t e o] fdll 3
E o] BNX-PT AlX = acceptor F7F A3 A7|A
T EAE 4% A28 £ d¥9. 2 AFdAMs
Al AT Ag A= 7H] nEE @ S R ik 523E0]
BE3y F7F Adgo] "asid.

Acceptor H7HA &l A71HE A= A
Ao FASTrY AF E5
A EAL dy;~150 to 180 pe/N AEE Eo=3U.
Heg AEA Rty A7HdE 24 siE2S SA &
7199814 FH wlA 2do] 8% Aottt BNN A9 A
ol Hyb AT dy; w2l "Wt ey # AATL
Aol x(d;;~150) Fash Aa4E dA Xttt



Bi(Ni,X,,)O:-PbTiO; 7 9
4. &4 =

Bi(Ni,,Ti; ,)O;-PbTiO; 72} Bi(Ni,;Nb,;3)05-PbTiO; 7|
o] NZ L HFLTIE 2A o] 7|&9] TR A
HATh AR T2 AV EAG ) SAHAT ARdA deux
7 AR EHUY. 7 AldA 2% MPB 24 o] @AEUY
Aro] e 747 Te~400°C, 270°C Gtk Bi(Ni,»Ti;»)
05-PbTiO; A9l 739, MPB 24 A1HE ¢F 40kV/ieme] =
HoZ EYHE W A e di3~250 poN 32 4
Aot A7|A=E TAZE B Y. AR EAE
sfdslz] 98l MnO, & H7bste] AL 7He3tanL.
dy3 Zko] ~180 pc/NE Zit}.

Acknowledgment

2 A= vl=F Penn. State. Univ.®) CDS(Center for
Dielectric Study)9} AE17421 C. A. Randall @52 =83}
Awe FEAEU.

REFERENCES

1. R. E. Eitel, C. A. Randall, T. R. Shrout, P. W. Rehrig, W.
Hackenberger, and S. E. Park, “New High Temperature
Morphotropic Phase Boundary Piezoelectrics Based on
Bi(Me)Os-PbTiO; Ceramics” J. J. Appl. Phys., 40 5999-
6002 (2001).

2. Nicola A. Hill and Karin M. Rabe, “First-principles Inves-
tigation of Ferromagnetism and Ferroelectricity in Bismuth
Manganite,” Phys. Rev., B 59 8759-69 (1999).

3. R. E. Eitel, C. A. Randall, T. R. Shrout, and S. E. Park,
“Preparation and Characterization of High Temperature Per-
ovskite Ferroelectrics in the Solid-Solution (1-x)BiScO;-
xPbTi05,” J. J. Appl. Phys., 41 2099-104 (2002).

4. R. E. Eitel, S. J. Zhang, T. R. Shrout, C. A. Randall, and 1.
Levin, “Phase Diagram of the Perovskite System (1-x)
BiScO;-xPbTi0s,” J Appl. Phys., 96 2828-31 (2004).

5. C. A. Randall, R. E. Eitel, C. Stringer, T. H. Song, S. J.
Zhang, and T. R. Shrout, “High Performance, High Tem-
perature Perovskite Piezoelectric Ceramics in Piezoelectric
Single Crystals,” (S. Trolier-McKinstry, Ed. 2004).

6. M. R. Suchomel and P. K. Davies, “Predicting the Position
of the Morphotropic Phase Boundary in High Temperature

(X=TiNb)el gt =4 3 25

PbTiO;-Bi(B” B”)0O; Based Dielectric Ceramics,” J. Appl.
Phys., 96 [8] 4405-10 (2004).

. Y. Shimojo, R. Wang, T. Sekiya, T. Nakamura, and L.E.

Cross, “MPB Phase Diagram and Ferroelectric Properties in
the PbTiO;-BiScO; System,” Ferroelectrics, 284 121-28
(2003).

. T. Song, R. E. Eitel, T. R. Shrout, C. A. Randall, and W.

Hackenberger, “Piezoeclectric Properties in the Perovskite
BiScO;-PbTiO5-(Ba,Sr)TiO; Ternary System,” J. J. Appl.
Phys., 42 5181-84 (2003).

. Y. Inaguma, A. Miyaguchi, M. Yoshida, and T. Katsumata,

“High-pressure Synthesis and Ferroelectric Properties in
Perovskite-type BiScO;-PbTiO; Solid Solution,” J. Appl.
Phys., 95 [1] 231-35 (2004).

. C. A. Randall, R. Eitel, B. Jones, T. R. Shrout, D. [. Wood-

ward, and 1. M. Reaney, “Investigation of a High-7- Piezo-
electric System: (1-x)Bi(Mg;»Ti; »)O3-(x)PbT105,” J. Appl.
Phys., 95 [7] 3633-39 (2004).

. D. K. Kwon, C. A. Randall, T. R. Shrout, and M. T. Lana-

gan, “Dielectric Properties and Relaxation in (1_x)BiScO3-
xBa(Mg, 5Nb,3)0; Solid Solutions,” J. Am. Ceram. Soc., 87
[6] 1088-92 (2004).

. R. R. Duan, R. F. Speyer, E. Alberta, and T. R. Shrout,

“High Curie Temperature Perovskite BilnO;-PbTiO;
Ceramics,” J. Mat. Res., 19 [7] 2185-93 (2004).

. C. J. Stringer, R. E. Eitel, T. R. Shrout, C. A. Randall, and

I. M. Reaney, “Phase Transition and Chemical Order in the
Ferroelectric  Perovskite  (1-x)Bi(Mgz,sW/4)O3-xPbTi04
Solid Solution System,” J. Appl. Phys., 97 024101 (2005).

. Y. Inaguma, A. Miyaguchi, and T. Katsumata, “Synthesis

and Lattice Distortion of Ferroelectric/antiferroelectric
Bi(IIl)-containing Perovskites,” Mat. Res. Soc. Svmp. Proc.,
755 471-76 (2003).

. G Y. Yang, G. D. Lian, E. C. Dickey, C. A. Randall, D.E.

Barber, P. Pinceloup, M. A. Henderson, R. A. Hill, J. J. Bee-
son, and D. J. Skamser, “Oxygen Nonstoichiometry and
Dielectric Evolution of BaTiOj;. Part I Insulation Resistance
Degradation under Applied dc Bias” J. Applied Physics, 96
7500-508 (2004).

. G Y. Yang, G. D. Lian, E. C. Dickey, C. A. Randall, D.E.

Barber, P. Pinceloup, M. A. Henderson, R. A. Hill, J. J. Bee-
son, and D. J. Skamser, “Oxygen Nonstoichiometry and
Dielectric Evolution of BaTiO;. Part I Improvement of Insu-

lation Resistance with Reoxidation,” J. Applied Physics, 96
7492-99 (2004).

A 454 A 4 2(2008)



