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Bismuth Based Lead-free Piezoelectric Ceramics
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Piezoelectric properties of bismuth based ferroelectric ceramics are introduced as recent progress, development
and researches for lead free piezoelectric applications. Bi based lead free piezoelectrics can be largely distinguished
two categories as perovskite type ferroelectrics and Bi layer-structured ferroelectrics (BLSF). The perovskite type
piezoelectrics are expected to use some practical applications such as actuator, ultrasonic and high power applications,
because of their good electromechanical coupling factors, &, and high piezoelectric strain constants, d, and high
mechanical strength, o. At present, the reliable top results of these parameters are k33~0.6, d33~200 pC/N, 6~200 MPa,
respectively, in the ceramic form without a grain orientation. On the other hand, BLSFs are excellent candidates for
high temperature piezoelectric applications and lead free ceramic resonators because of their high curie temperatures
(T~900°C), high mechanical quality factors (Q,~10,000) and small temperature coefficient of resonance frequencies

(TC-f~ 0-30 ppm/°C).
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Table 1 Typical Bi based lead-free piezoelectric ceramics.

1. Perovskite type ferroelectric ceramics
(1) 2-4 system
Bismuth Sodium Titanate, (Bi;;,Na,,,)TiO;, system
(Bi;,Na ) TiO,
(Bi,,Na,;,)TiO;—DTiO;
(Bi,;,Na,;,)TiO;—MNbO;  [M=K,Na]
(Bi,;;Na,;;,)TiO;—BiMeO; [ Me=Fe, Al, Sc]
Bismuth Potassium Titanate, (Bi,,K,,,)TiO;, system
(Bi; pK,)TiO;
(Bi,)K,)TiO;—DTiO;4
(Bi,,K,,,)TiO;—BiMeO,
(2) 3-3 system
BiMeO, [ Me=Fe, Mn, Cr, Co, Al, S¢, Ga ]
2. Bismuth layer-structured ferroelectric ceramics
DBi,(Nb,Ta),0, (m=2) [ D= Sr, Ba, Ca, (Bi,,Na, ;)]
Bi;Ti;0,, (m=3)
DBi,TiO,s (m=4)
(Sr,Ca),Bi,TisO,3 (m=5)

[ D=(Bi,,K,,), (Bi,Li,,), Sr, Ba, Ca]

{ D=(Bi,,Na, ), (Bi,,Li, ) Sr, Ba, Ca]
[ Me=Sc, Fe, Al ]

[ D=(Bi,,K,,,), (Bi,,Li, ), Sr, Ba, Ca]
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Fig. 1 Temperature dependence of electromechanical
coupling factor, k33, and frequency dependence impedance,
Z, at RT for BNT ceramic [5].
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Fig.2 Phase relationship between bismuth sodium titanate,
BNT, and barium titanate, BT [9]. (F: ferroelectric phase, AF:
anti ferroelectric phase, P: paraelectric phase)
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2.3 (Biy,Nayp)TiOs (Bi2Ki2)TiO; [BNKT]%
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Fig. 3 Temperature dependence of electromechanical
coupling factor, 433, for BNBK2:1(x) ceramics[18].

Table 2 Piezoelectric properties for (Bi;»2Nay ;) TiO; (BNT) based solid solutions.

kyy dy, &3'e Ty T | Refl

[pC/N] O |
(Bi\ Na p)y94Bg g TiO; [BNBT-6] 0.55 125 580 125 [9]
BNBT-5.5 (TGG) 520% — 2
BNBT-5.5 (Single crystal) 650 - [19]
BNBT-10 +La,0s, Y,0s, Sm,05 1wt% 062 2200 1080 278 [10]
BNBT-15 - 0.1% (Bi,;Na,,)(Mn,;Nb,;)O;  041(k) Q=477 511 | 258 [I1]
0.8 (Biy;Nay ) TiO; -0.2 (Bi,,K,,) TiOs 0.418(k) = 469(ds) 1030 — 3]
[BNKT-20] 0.535 157 884 174 [14]
BNKT-30 + La,0, 0.2 wt% 0496 155 1071 219 [15]
BNBK4:1(0.895) 0.560 191 1141 110 [16]
BNBK2:1(0.78) 0.452 126 883 206 | [17]
0.97BNT - 0.03NaNbO3 [BNTN-3] 0.43 n - — 2o
(Biy 5 Nag 45)(SCo 05 Tig 55)05 [BNST-2] 0.42 75 431 145 [21]
0.7BNT- 0.2BKT- 0.1BLT 0401(k)  216%* 1190 130 | [22]
0.505(k) ~ 223%* 190 | [23]

(x: dynamic ds; from strain measurement, ss%: d3; meter, sxx: no information for measurement)
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Y WSk s FOR i 1, 0.4 (BiKin)TiOs+Bi,05 0.6 wWt% ceramic sintered at 1060°C

BIREET &'C;k&)f kgj;\,)io\ i %hiﬂo 0. for 4h by hot-press method and additional annealing at

101 pCN &35 STV D (Fig. 5)[25,26), Fas DIREERAE 1040°C for 10h [26].
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(x: calculated values)
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