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THERMAL E~ANSION, ELASTICITY.ANDINTERNAL 

FRICTION OFPOLYCRYSTALLINE PZT CERAMIC 

* D. R. Biswas ,.S. Chandratreyaand J. A. Pask 

Materials and Molecular Research Division, Lawrence Berkeley Laboratory 
and Department of Materials Science and Mineral 

Engineering, University of California, 
Berkeley, California 

ABSTRACT 

Lead-zirconate-titanate [Pb(ZrO. STiO. S)03] undergoes a phase 

transformation from tetragonal (at low temperatures) to cubic (above 

Curie temperature) structure at -375°C.' Thermal expansion, elastic 
. . 

modulus 'and internal friction of PZT specimen was measured up to 600°C. 

The results are discussed with respect to the phase transformation. 

* Now at The University of Utah, Salt Lake City, UT. 84112. 
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INTRODUCTION 

Polycrystalline lead zirconate-titanate (PZT) ceramics with various 

additions are used extensively in Piezoelectric devices and are being 

considered for electro-optic and image storage applications. Consider~ 

. 1:"'3 .. 
able work has been done to develop a well-characterized reproducible 

~ 

microstructure of PZT ceramics. Mechanical and electrical properties4 ,s 

of PZT ceramics were studied as a function of microstructural variables. 

PZT is a cubic solid solution of leiidzirconate (PZ) and lead titanate 

(PT) above the .Curie temperature. It undergoes a phase transformation
6 

from cubic to tetragonal phase on cooling below Curie temperature. The 

purpose o.f this work is to investigate the variation of thermal expan

sion, the elastic modulus (E) and the internal friction (Q~l) of the PZT 

ceramic with its phase transformation. 

EXPERIMENTAL PROCEDURE 

The composition of PZT ceramic ,was Pb(Zro.sTio.s)Or The powders 

of PbO, Zi02 and Ti02 were milled rn. a vibratory energy mill for 4 hours 

using isopropyl alcohol asa liquid medium, then dried and calcined at 

850°C for 4 hours. The calcined powders were then mixed with 3 wlo 

excess-PbO as a sintering aid and milled for 4 hours using isopropyl 

alcohol and polyvinyl alcohol as a binder. The mixture was then air 

dried. The powders were isostatically pres~ed at 69 MN/m2 to a cylindri~ 

cal bar and then sintered at l200°C for 8 hours in one atmosphere pres-

sure of oxygen. A two phase packing powder (PbZr0
3 

+ Zr0
2

) 

was used to control the PbO loss from the specimen and to maintain the 

stoichiometry during the sintering process. The cylindrical bars were 
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then cut into a rectangular bar of 6.1Zcm x 0.S4cm x 0.17cm with a 

diamond saw. 

The thermal expansion of the bar was measured by using a 

di1atometer from room temperature at 600°C at a heating rate of SOc/min. 

The elastic modulus from RT to SOO°C was determined by a sonic resonance 

technique. After the exact resonant frequency was obtained, the modulus 

was ca1cu1ated7 by using the resonant frequency, dimensions, and mass 

of the specimen. The internal friction was measured by finding the 

resonant frequency at the maximum amplitude and then locating the two 

frequencies above and below the resonant frequency at which the amplitude 

decreased to half of the resonant amplitude. The internal friction 

(Q-1) was ca1cu1ated7 from the differences of the two frequencies and 

the resonance frequency. 

RESULTS AND DISCUSSION 

The linear change in length (~L/L) vs. temperature up to 600°C is 

shown in Fig. 1. The thermal expansion coefficient (a) is the slope 

of the curve. The a-value is essentially constant up to -ZOO°C, decreas-

es to zero at 300°C, remains at zero up to -370°C, increases rapidly up 

to -4S0°C, and then remains essentially constant up to 600°C. The aver-

° -6 cm age a from R.T. to ZOO C (tetragonal structure) is 1.66 x 10 ---0- and 
cm K 

from 4S0 to 600°C (cubic structure), 7.9 x 10-6 c~ • The temperature 
cm K 

of -370°C corresponds to the transformation or Curie temperature. The 

6 
reported Curie temperature for the Pb(ZrO.SZTiO.48)03 composition is 

386°C. The curve (Fig. 1) shows a hysteresis which is presumed to be 

due to the introduction of microcracks into the material. This type of 

behaviqr is also observed in other po1ycrysta1line ceramic materials, 
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e.g. in some TiD2 compoSitions,S when cooled from the firing temperature 

due to a large difference in a values in different crystallographic 

orientations. The probable reasons for having microcracks in PZT ceram:-

ics prepared with an excess of PbD, however, are twofold. If PbD is not 

completely evaporated and transported to the packing powder during sin;::-

tering,it remains at the grain boundaries, and the specimen develops 

microcracks during cooling from the sintering temperature because of the 

thermal expansion coefficient mismatch between PbD and PZT phases. With 

excess PbD, rapid densi£icationmay occur in localized regions where the 

material shrinks faster than in other regions resulting in stresses. which 

are sufficient to cause microcracks. 

Room temperature elastic modulus (Eo) was calculated from the 

resonant frequency (f ), dimensions, and mass of the specimen. The o . 

elasticmoduius at temperature (E
T

) was calculated from the following 

formula, 

E 
T 

where fT is the resonance frequency at some temperature T above room 

(1) 

temperature and a is the linear thermal expansion which is by definition, 

a = (2) 

From equations (1) and (2), 
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1 (3) 

. !:J.9v 
Tak1ng 9vo values from Fig. 1 and measuring fT at different 

temperatures, ET was calculated and plotted against temperature in Fig. 

2. 

Also in Fig. 2, internal friction is plotted against temperature. 

Elastic modulus decreases linearly with temperature. 9 An anomaly in 

the modulus curve and corresponding internal friction peak was observed 

at ~375°C. This effect is due to the phase transition of the PZT ceram-

ic which is also observed in the thermal expansion curve (Fig. 1). The 

experiments were restricted to the indicated temperature range since the 

vapor pressu~e of PZO•5TO•5 in air begins to increase appreciably at 

700°C 

CONCLUSION 

PZO•5TO. 5 shows a phase transition at -375°C from tetragonal to the 

cubic phase. Thermal expansion, elastic modulus and internal friction 

measurements confirm the transition. These methods thus can be used to 

detect the transition temperature. Presence of microcracks causes a 

hysteresis loop in the thermal expansion curve. 
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FIGURES 

1. Thermal expansion of Pb(ZrO. 5Ti
O

.
5
)03 with increasing and 

decreasing temperature. 

2. Elastic modulus and internal friction vs. temperature of 
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