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Bffects of Bi,0, Additions on the Dielectric and Piezoelectric
Properties in Pb(Zry 5., Tio. 45)0s
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Abstract

Effect of Bi,0s addition ranged from 0. 0wt% to 1 Owt% on the microst ructure,
dielectric and piezoelectric properties of the Pb{(Zro s4.Tio . 46)0s ceramics have been
invest igated, The solubility limit of Bi.Os; was about 0. 5wt%~0. 7wt% and the grain size
decreased with Bi,0; additions, Within solubility limit of Bi,0;, piezoelectric
constant (dss), dissipation factor (tand), dielectric constant (e -after poling) were
increased, but mechanical «quality factor (Gn) and density were decreased
Elect romechanical coupling factor (K,) was increased by increasing  spontaneous
polarization caused by the formation of Pb vacancies which were formed by substituting
Bi®* for Pb?",
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Table 1 Raw materials used in the present
work,

MaterialjPurity|GradetManufacturing Co,

PhO 98% | E P Junsei Chemical Co

710, e E. P jAldrich ChemicalCo

TiO, 98, 5%| E. P, |Osaka®: FR (LA T %

Bi-0; | 99 9% E P, [Aldrich ChemicalCo.
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Fig. 2 DTA result for Pb{(Zr, Ti)Os; with
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Fig. 3 X-Ray Diffraction patterns of
calcinated powders with various
Bi,0; additions (850C).
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Fig. 4 The variation of density with
sintering temperature and Bi,0;
additions,

2 ) =1 A A AFuk 4 Be7l A gk 1270C ol el AEEE
i warelA A SR AR el St Wae POSl Fd] 1A% Aoz A2HE
32}‘75%“’] —‘k‘ E]- ) /\7:!'} o p
e 4 /\Q_‘Q___,_Q}- Bi,0, M7l eko] wE ] l‘d 5v 1250T oM 243 Aldel Az}
mw Wale Ueld Aol rASEI 12 v Apzlolt} Bi0;9 H7tgel Sohdt
Oocoﬂ;q 1250C 2 ETobgsdys 2Z2¥9ert of wzb AA el Av|7E FHopAL de A
Z7bstg ot 1270C ool addMe 24 T w7 ATH, olds AHE el o
Bi 0. A7}H0] Pb(Zro 54, Tio.46)0:2 M, 2t KYol| 0| I 209



T. IEEME. VOL. 6, NO, 3 1993

0.8 wt% Bi203 1.0 wt% Biz03

19 5 HAEnFo g 3 BiL0,Hs) Fig. 5 SEM micrographs of 'Sintered.sp.)ed—

) . 0‘1_] “;E 1250T oA 248 Alg ] mens with various Bi,0; additions
o] 4 7 2 (@t 1250C).

210



ERETHHER A 66 3N 19936 58

A= H7E Biol&Eo] YA HAgug
A4 LE B ' P ste Aoz NHY

Z, 24P EY AAEE ] FrlatAY HA
Aol HEEUAM AAYPESY AFHo| Fv}
Hu E AAY A A% 2A8AY o]
Fo] Bi0;9 B Frz ¢lste] st
W Foltk & 0, SwtholMoAH AAHY =27
7} A A FHolzlw Zog Hol g3
= 0. 5wt%~0, 7wt%Atold] E2AE Hor A
ZEd, oy AAH HAAP ANE
HA ot d7d 12 vlato Ags] A
Holglve g 24 Aded, olx Pl 3
QAR Q3 Aol ZuhslA @ Ao
2 ®olg

AEAL dxe AAge z7id 7]
Ao ¢aA ded''Y 19 63 2
Eld A ol =2 Holle Bi0:9
F71ee wat dxe it AA
ARG Az gojgoel fFAgo]
FAEANL T8l AL
Atk 29 6ol e R o) 12
1 FHEo] ol AL P09
Do Eolal Az & ARHY 7
FUATNE AP FAHE
2

NG =g g 7oA

v

N
w3
- 0

7

aa

3¢~ lo
o
A

O 3
o

%,

2

S

o ol dob =3 B o e ol Ok

o,
—_
I
BN

0Col ol Edel Frhahe AL
Bi.0:7} 71Eol ma}l B Pbe) 30| B
ol WA Fd) A7) o

22230 1200C |
teees 1250C
« “essr 1270C
850 ™ T . agacao
P N 12258 1300
800 ‘k\\\i\ N C
7500 = e
700 r \\3\ .
650 ~ 2

600 | 3 2 i
550 E
500 : : R TS ST S BB

0.0 0.2 04 0.6 0.8 1.0
Bi .0,
19 6. Bi,0:; 7 %n 2dexd ma
HE& W3
Fig. 6 The variation of dielectric const-
ant with sintering temperature and
Bi.0; addit ions (Before Poling)

ES ¥ Bi.0xA7EH sdexd uwa
71AA F4 A @Qn#e 29 84 JER
At} Gerson'!'¢’ Zo] B 1g ue} el Bi,
0; A7}eFo] Woldd we) (Qm) kol TAE
Bolil Ye AL E4Ee EAE U3 Pb
AR FFo| HA7AH 2HLE FAs7] A5}

W

]
o] WAIElsl B o] o] % (switching) o &
e 5

Dielectric Constant

|
&3 ol gl M PbEE A

Bi2°3ﬁ7}§o| Pb(ZI'o.n.Tio.qs)osgl . ?Jﬁ*ﬁoﬁ o|xl& A48

20002 1200TC

Dissipation Factor (%),
Do
<
<
NN S
\‘\\N‘ NS

/ . eesese ]250TC
L5 / ennan ]1270TC
) socao 1300T
LO [ S R S N L
0.0 02 0.4 0.6 0.8 1.0
Bi 05
18 7. Bi0:@7gn 2hexo ma A

£4 w3l
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