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infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



SINTERING OF Sc MODIFIED LEAD ZIRCONATE-TITANATE
J. J. Dih and R. M. Fulrath
Materials and Molecular Research Division,'Lawrence Berkeley Laboratory

and Department of Materials Science and Engineering,
University of California, Berkeley, California 94720

ABSTRACT :

Lead zircoﬁate—ti£anate (PZT) is an important ceramic material
widely used for piezoelectri.cbdevices.l’2 Defect stfuctures in PZT have
been reported to affect the eiectrical properties, sintering kinetics,
and gra:ln‘growt:h.}-5 It is apparent that understanding the behavior of
defects in PZT ié»important in understanding the electrical properfies.
Many investigators tried to develop a desired defect structure extrin-
sicglly in PZT by intentionally doping. Scandium.oxide isvone of the
matefials that has received some attention as a dopant. Holman‘ana
Fulrath6’7 determined that Sc3+ substitutes for (Ti, Zr) and creates
oxygen vacancies in the pefovskite structure. Lee and Fulrath8 reported
that Sc can convert the ferroelectric characteristics of PZT to an anti-
ferroelectric-like behavior. The major problem in énaiyzing the Sc doped
material is that fhe suppression of the rate of densification by the in-
corporation of Sc’ions into PZT is so great that only very low density
samples can be fabricated; 'The purpose of this study was to investigate
the effect of PbO aétiﬁity established by a packing powder during sinter-
ing oﬁ‘the densificatién of Sc aoped PZT. A high denéity Sc doped sam-
ple was achieved. ‘

A PZT composition of Pb(ZrO_5 T10.5)03 was prep;fed from lead oxide

powder, zirconium tetra-butoxide liquid and titanium tetra-butoxide

liquid. 1 mole'% scandium oxide (Sc203) powder were used as a dopant.



Proper proportion of raw materials were mixed in a blender and then
reaéted and co-precipitated from solution when distilled water was
added. The_blended slurry was dried and calcined at 500°C for 24 hours.
After calcining, the powder was milled for 4 hours in isopropyl alcohol
and using ZrO2 as a grinding media. The powder was calcined again at
500°C for 8 hours. After the second calcination, 2.5 wt% or 5 wtZ PbO
was added to the powder. The PbO rich powder was milled again and then
passed through a 325 mesh screen to complefe the poﬁder preparation
process. |

The powder was cold pressed at 10,060 psi in a 1 inch diameter
steel die. The pressed pellets with green_density about 2.6 gm/cc were
sintered in a Pt crucible. The samples were always buried deeply into
a packing powder with known PbO activity. Thé two compositions of the
packing powder were lead zirconate-titanate plus 5 wt% PbO (PZT+P) and
.1ead zirconate plus 5 wt% ZrO2 (PZ+2). Either 1 atm oxygen or 1 atm
helium was used as the sintering atmosphere. All sintering rums would
begin by heating the furnace at constant rate of 300°C/hr to the sinter-
ing temperature 1200°C. The samples were held at temperatures for 16
hours and then allowed to cool at natural cooling rate of the furnace.
Density of the sintered samples were measured by Qater displacement
and also by geometric measurements; Theore;ical density for PZT was
taken as 8 gm/cc. X-ray diffraction was used to identify crystal phases
present. The results are shown in Table I.

For a sample without excess PbO and using PZ+Z as the packing
powder while sintering in 1 atm oxygen, the sintered density only

reached 65% of the theoretical density. The density of a sample with
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excess PbO can achieve 817% theoretical density. This is due to the
excess PbO giving a liquid phase at high temperature to enhance sinter-
ing. If the PZT+P instead of PZ+Z is used as the packing powder, a
completely dense sample is obtained. The X-ray diffraction pattern
indicated that there was a trace of PbO in the éample. Recently, Holman
and Fulrath9 established the PbO actifity above the PbTiO3—PbZrO3 system
and determined the singlé phase width of the compoﬁnds in the system.
It has been shown that PZT+P will provide a highér be activity than
PZ+Z during firing. The PbO activity of PZ+Z isvlbwer than that of the
green compact. Therefore, the excess PbO in the sample is eventually
lost to reach local atmospheric equiliﬁrium with the PZ+Z packing powder.
|

A high density sample can not be obtained. The high PbO activity es-
tablished by PZT+P ﬁacking powder can suppress the PbO loss from the
sample and lead to high density. The effect of énvironmental PbO activ-
ity on the sintered density is shown in Fig. 1. When 1.atm helium in-
stead of oxygen was used during firing, the sintered density reached 95%
theoretical density and no trace of a PbO phase was found in the sample.
This shows that the lower the oxygen partial pressure in the sintering
atmosphere the greater the PbO loss from the sample and the less effec-
tive is the liquid phase sintering process.
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Sample

TABLE I

SINTERING PARAMETERS

Atmospﬁere

Temperature Time Composition of % Theoretical X-ray

Compositions (°c) (Hour) (1 atm) Packing Powder Density Pattern

PZO.SIO.S + 2 mole? Sc203_ 1200 ;6 02 PZ+2Z 65% PZT

PZO.STO.S + 2 moleZ Sc203 1200 16 02 PZ+2Z 817% PZT -
+ 2.5 wtZPbO

PZO.STO.S + 2 moleZ Sc203 1200 16 02 PZ+2Z 85% PZT
+ 5 wtZPbO

PZO.STO.S + 2 mole% Sc203 ) 1200 16 02 PZT+P 99.97 PZT+P
+ 2.5 wtZPbo

PZO.STO.S + 2 moleZ Sc203 1200 16 ‘He PZT+P 95% PZT
+ 2.5 wtZPb0

PZO.STO.S + 2 mole% Sc203 1200 16 He PZT+P 967 . PZT
+ 5 wt%PbO

..47-



FIGURE CAPTION
Fig. 1. Effect of environmental PbO activity provided by a packing

powder during sintering on the sintered density.
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LEGAL NOTICE
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any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
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