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Pb(Zn1,3Nby,3)O3 ceramics with the perovskite structure can be stabilized by substituting
6-7 mol % BaTiO3 (BT). Piezoelectric and dielectric properties of the pseudo-binary system
(1 —x)(0.94PZN-0.06BT)-xPb(Zr(1_,,Ti, )O3 were studied, and the effects of Zr/Ti ratios and
thermal annealing process on the piezoelectric and dielectric properties were also
discussed. The results show that the piezoelectric properties of this ceramic system are
very good when x is about 0.50 and y is about 0.47 with K, =70%, d;3 =560 pC/N,

em ~ 23,000. These ceramics are favorable to piezoelectric actuators. © 7999 Kluwer
Academic Publishers

1. Introduction 2. Experimental

Lead zinc niobate (PZN) is a typical ferroelectric, which The compositions (% x)(0.94PZN-0.06BT)-

is well-known to exhibit a diffuse phase transition, a xPb(Zf;—y)Tiy)Oz, wherex =0.30— 0.80,y =0.45—

high dielectric constant and excellent electrostrictive0.47, were prepared by a conventional ceramic pro-

properties [1]. The solid solution between PZN with cessing. Reagent grade PbO, ZnO,,Q% BaCGQ;,

rhombohedral symmetry and PbBHQPT) with tetra- TiO,, and ZrQ were used as starting materials. After

gonal symmetry has a morphotropic phase boundarpall-milling, the mixed oxides were calcined at 1123 K

(MPB) near 9 mol % PT. Single crystals with composi-for 2 h. After calcining, the ground and ball-milled

tions nearthe MPB show extremely large dielectric conjpowders were pressed into discs with a diameter

stant ¢ > 22 000) and piezoelectric coefficients, muchof 12mm and a thickness of 1 mm at a pressure of

larger than those of Pb(4r ) Tiy)Os (PZT) ceramics. 100 MPa. The specimens were sintered at 1473 K for

The planar coupling coefficier,, is about 92%, the 2 h. PbZrQ powder was used to inhibit the vaporation

piezoelectric constaks is up to 1500 pC/N [2]. How- of PbO. After sintering, some of the samples were

ever, itis very difficult to obtain PZN ceramics with the annealed at 1123 K for 4 h.

perovskite structure close to the MPB. Although PZN The phase structure of the powders was analyzed by

ceramics with almost a single perovskite phase hav®&igaku D/Max-2400 diffractormeter using €y radi-

been synthesized by hot isostatic processing (HIP)ation. Silver paste was fired on both sides of the samples

their piezoelectric properties are rather lower than exat 823 K for 10 min as the electrodes for the dielectric

pected [3]. Perovskite-structured PZN ceramics can band piezoelectric measurements. The dielectric con-

obtained by using additives such as Ba3,i®&NbO3 stants were measured with a HP4274 LCR meter, at a

(KN), and SrTiQ, etc. Takennakat al. have reported heating rate of 2—3 K/min. Then the samples were poled

the piezoelectric properties of PZN-KN-PZT ceramicsby applying a DC field of 3—-4 kV/mm at 10@ for

[4]. In their work, K33 = 70.1%,d33 = 377 pC/N were 30 min. The piezoelectric planar coupling coefficient

achieved. (Kp) was determined by the resonance-antiresonance
In present work, the PZN ceramics were stabilizedmethod, using a HP4192A complex impedance ana-

by the adding 6 mol % BT. The solid solution 0.94PZN- lyzer. The values of the piezoelectric constastwere

0.06BT, abbreviated as PZNBT, was used as oneetermined by using ds-meter.

composition, and Pb(ér ) Tiy)Oz (y =0.45—0.47),

which also has good piezoelectric properties, was

used as another composition to form a pseudo-binarg. Results and discussion

system (1- x)(0.94PZN-0.06BTxPb(Zr:-y)Tiy)Os  3.1. Piezoelectric properties

(PZNBT-PZT). The piezoelectric and dielectric prop- of PZNBT-PZT ceramics

erties of this pseudo-binary system were studied, an&ingle phase PZN ceramic with perovskite structure is

the effects of Zr/Ti ratios on the piezoelectric prop- very difficult to produce until other additives are used

erties and the effects of thermal annealing processing stabilize the material. BT is a possible stabilizer re-

on the dielectric and piezoelectric properties were als@uiring only 56 mol % to be added. But BT has one

discussed. disadvantage, it causes the temperature of maximum
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TABLE | Effects of Zr/Ti ratio and thermal annealing on the piezo- 20000 — T . . T 4.0
electric properties of PZNBT-PZT

Sample AX62 AX60 AX63 AX66 16000
X 0.50 0.50 0.50 0.55 12000 +
y 0.45 0.47 0.49 0.47
Before annealing K (%) 61.9 66.9 67.6 69.0 @
Qm 100.6 82.2 76.2 85.3 8000 m,,
da3(pC/N) 381 464 527 460 . 7
After annealing  Kp (%) 63.9 70.8 70.0 69.6 4000 |
Qm 95.5 78.6 7063 818

dsa(pC/N) 384 501 560 473

! 50 100 150 200 250 300
: : . . — 550 T(°C)
70+ s
| / Figurg 2'Ter.nperature dependence of the dielectric constgsblid),
o5l / ><_ \ 1500 ?n)d dissipation factor tah (hollow) at 1 kHz of AX60 @) and AX66
R A\ [ A).
60' . A \ {450 i%%
;\3 ..c;"m andin Pb(Z@‘53Ti0.47)03, d33 is about 400 pC/N After
} sl 1400 forming a new system, the piezoelectric properties are
\ very good:dsz is about 560 pC/NK,, is up to 70%.
sol \ 1350 This helps to explqin why_ the piezoelectric properties
< . ‘ " of PZNBT-PZT solid solutions were so good, and why
0.3 0.4 0.5 0.6 0.7 increasing the value of, in other words increasing
X the content of PT, will improve the piezoelectric
properties.

Figure 1 K, (m) anddsz (a) of PZNBT-PZT ceramics.

3.2. Dielectric properties

dielectric constanfl,, to lower rapidly [5], and this ) h ¢ the diel
effect is detrimental to piezoelectricity. Xiaoli and Xi " Fig. 2, the temperature dependence of the dielec-
tric constant and dissipation factor at 1 kHz of sam-

have attributed this phenomenon to the forming of para- .
microvolumes of Ba(ZgysNb,,3)Oz [6]. In order to im- ples AX60 and AX66 are showm,, increases as the

prove the piezoelectric properties of PZN stabilized byamount of PZT !ncreases, while its dielectric constant
BT, it is necessary to add other component to shift decreasesk_Adqhtlon of IPZfT has shiffgd up to abo‘f.t
to higher temperature, and this additive must also havd93 K, making it suitable for use in actuators applica-

good piezoelectric properties. Under these conditionsl!oNS- . . Co
PZT is a very good candidate. Figs 3 and 4 show dielectric constant and dissipation

Fig. 1 shows piezoelectric coefficients, and dgs factor.of sample AX60 after aqngaleq at1123Kfor4h.
of PZNBT-PZT ceramics, where=0.30— 0.70, y — The dlele_:ctnc constant and dlss_lpanon factor ha}ve ap-
0.47. The peak value df, is 69%, which appears at parently mcreased_ afte_r annealing, and the Curie peak
x = 0.55, while that ofdsz is 525 pC/N, which occurs sharpened. The diffusive factaf, can be calculated

atx = 0.40. from the quadratic formula of the following:
The Zr/Ti ratio also has an effect on the piezoelec- 1 1 1
tric properties of PZNBT-PZT ceramics. Table | shows Pl + W(T — Tm)?
m m

the piezoelectric properties of the compositions with
different Zr/Ti ratios. Whery increases from 0.45 to
0.49,K,, increases from 62 to 67%, and of greater at-

tention is the increase idss from 381 to 527 pC/N. 25000 + )
After annealing at 1123 K for 4 h, there is a increase in —— afterannealing 4
the piezoelectric properties of the PZNBT-PZT system 20000( —* beforeanncaling £ %
(also shown in Table I). For instance, in the compo- A%
sition 0.5PZNBT-0.5PZT y{=0.49), the K, and ds3 ., 15000 + f 4
are increased from 67% and 527 pC/N to 70% and i
560 pC/N. The best piezoelectric properties are ob- 10000
tained in 0.5PZNBT-0.5PZTy(= 0.49).

For further study, we can define the PZNBT- 5000 -
PZT as follows: m(0.86PZN-0.05BT-0.09PT)-

NPb(Zio53Tio.47)03, Wherem +n ~ 1,n = 0.3-0.7. 0 50 100 150 200 250 300
The two compositions, (0.86PZN-0.05BT-0.09PT) and T Q)
Pb(Z1p53Tio.47)O3 are all lying near a MPB [7, 8], each

has very good piezoe!eCtri(_: properties. In 0.86PZN-igure 3 Temperature dependence of dielectric constaret 1 kHz of
0.05BT-0.09PT ceramiajss is about 624 pC/N [9], sample AX60 reference to annealing.
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TABLE Il Dielectric parameters of samples AX60 and AX66 refer- interval. The volume fraction of the microregions was

ence to annealing

Before annealing

After annealing

Tm (°C) 8(°C) &m Tm (°C)

Em

AX60 211.9 39.0 18,200 212.6
AX66  229.4 34.8 17,450 228.6
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Figure 4 Temperature dependence of dissipation factorgta 1 kHz

of sample AX60 reference to annealing.

where g, is the maximum dielectric constanty, is

300

conjectured to vary strongly with temperature, result-
ing in a broading of the temperature-dependent macro-
scopic characteristics. Later, Cross [12] proposed a su-
perparaelectric model which was based on the concept
of the presence of small polar clusters which under-
went coherent thermally driven polarization reversals
between crystallographically equivalent orientations.
The annealing can’t change the ordering degree in the
ferroelectrics such as PZN and PMN. But annealing
can changes the composition and distributions of the
subregions, and eliminates the clamping of motion of
microdomian walls and thermally driven polarization
reversals of small nano-scale polar clusters caused by
inner stress and defects. After annealing, the size of the
micropolar regions become small, resulting in the de-
crease of the diffusive factor. As a result, the motions of
microdomain walls and polarization reversals of small
polar clusters is easy to undergo in annealed samples
when the temperature is negy. Their contributions

to dielectric constant will account for the increase in
dielectric constant in PZN-based ceramics in the tem-
perature range nedr, and that in dissipation factor.
The easy reversals of polarization under DC bias after
annealing will contributed to the increase in piezoelec-
tric properties. Lead vacancies, resulting from the loss
of Pb during annealing, will also help to explain the

the temperature of maximum dielectric constant meaincrease in the dissipation factors.

sured at 1 kHz. The dielectric parameter are shown in

Table Il. After annealings, increases about 31%, and

) decreases_ 4, Conc|usi0nS
Jang and Kyu-Mann have ever studied the effectdiezoelectric properties of the pseudo-binary system

of annealing on PZN-PMN-PT solid solutions, and PZNBT-PZT are very good whenis about 0.50 angt

they attributed the observed dielectric and piezoelectri¢S @bout 0.49. After thermal annealed, a large increase

changes to the elimination of low permittivity intergran- in the piezoelectric and dielectric properties was ob-
ular layers [10]. Considering the effects of intergranularS€rved. In this worki, =70%,d33 =560 pC/N £m ~
layers, the above formula can be rewritten as following:23,000 were achieved.

1. A. HALLIYAL andA. SAFARI,Ferroelectrics158(1994) 295.

1 1 1 (T —Tm)?
-=|—+ + 5
£ £m Regh 2emd
2.J. KUWATA, K. UCHINO andS. NOMURA, Jpn. J. Appl.

whereegy is the dielectric constant of the intergranular  Phys.21(1982) 1298. N

layers, which is about 2@ is the ratio of the thickness % [ég';UJ'U'A- TANAKA andT. TAKENAKA, ibid. 30(1991)
of the grains to the thickness of intergranular layers. , | TAKENNAKA, M. SATOU, K. NAKATA and K.
This formula suggests that the dielectric constant will ~ sakaTa, Ferroelectrics128(1992) 67.

increased with the same ratio over a wide temperatures. A. HALLIYAL ,U. KUMAR,R. E. NEWNHAM andL. E.
range, and this phenomena has been approved in H. CROSS Amer. Ceram. Soc. Bulb6 (1987) 671.

M. Tang’s work. But in our previous [9] and present g' XV' :A'\‘t‘ilLY'AaL”dC' ﬁb;i;oell:?Ctgcst4E5v(\/1|\?3?2 $4a36dL .
works, we observed different phenomena: the dielec-" CROSS J. Amer. Ceram. 3066(1'98%) 119. T
tric constant only apparently increases at the regiong, ;. jarrFe w. rR. cookandH. JAFFE, “Piezoelectric Ceram-
whereT ~ T, and the dissipation factor also increases ics” (Academic Press, London, 1971) p. 137.

abruptly. So the elimination of intergranular layeris not 9- FENG XIA, X1 YAO andXIAOLI WANG , J Mater. Sci. Lett
the main reason in our works. 17(1998) 861.

PZN, like Pb(Mg,3Nbz,3)03(PMN), is a relaxor fer- 10. (Hl\ggé\; STS.5IJANG andLEE KYU-MANN, J. Mater. Res10
roelectric, which has a diffuse phase transition. Thej; c. A. sMOLENSKII andA. I. AGRANOVSKAYA, Sov.
diffuse phase transition characteristics of relaxor ferro-  Phys.-Tech. Phyg (1958) 1380.
electrics were first explained by Smolenskii [11] on thel2. L. E. CROSS Ferroelectrics76(1987) 241.
basis of local compositional fluctuations, it is believed
that the polar (ferroelectric) and nonpolar (paraelecReceived 23 October 1998
tric) microregions coexisted over a broad temperaturend accepted 27 January 1999
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