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R/NGKASAN : Di antara unsur Al-, Fe- dan Mn- yang ditambah kepada "lanthanum 
modified lead zirconate titanate" (PL.Zr) hanya mangan saja yang mempengaruhi faktor 
kualiti mekanika/ Qm bahan tersebut. Ion-ion mangan meningkatkan kekosongan kekisi 
ion oksigen yang bertindak sebagai titik penekan kepada pergerakan dinding domain 
dan ini menyebabkan nilai Qm meningkat. Angkali resapan oksigen yang tinggi menunjukkan 
terdapat banyaknya kekosongan kekisi ion oksigen di dalam sampel. 

ABSTRACT : Among the Al-, Fe- and Mn-doped lanthanum modified lead zirccinate 
titanate {PLZT) prepared, only manganese affected the mechanical quality factor Om 
of the ceramic. The manganese ions enhances the oxygen vacancies which act as 
pinning points to the domain wall motion and thus increases the Om value. The high 
oxygen diffusion coefficient reflects the abundance of oxygen vacancies within the 
sample. 

KEYWORDS: Lanthanum modified lead zirconate titanate {PLZT) doped, mechanical 
quality factor, oxygen vacancies, oxygen diffusion coefficient. 
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INTRODUCTION 

Some perovskite-structured oxides exhibit 
ferroelectric behaviour and among them 

· the lead zirconate titanate (PZT) . is 
presently one of the best known. The 
properties of basic ceramics can be 
modified by the use of dopants to meet 
the needs of different applications such 
as piezoelectric resonators for frequency 
stabilization and filters (Whatmore, 1991), 
or as transducers (Gonnard et al., 1987). 
One of its most important characteristics 
ls the mechanical quality factor (Om) which 
is defined as the reciprocal of internal 
friction. Om is readily measured by deter
mining the frequency difference between 
maximum and minimum impedance of 
an electroded ceramic disk in 
an electrical resonant circuit (IRE Std, 

• 1961). 

The incorporation of lanthanum in PZT 
ceramics decrease the value of Om 
(Takahashi, 1982) while manganese ion 
increases Om ( Wu et al., 1983). La3+ replaces 
Pb2+, and the excess charge of trivalent 
ions are compensated by vacancies in 
the perovskite lattice to maintain the 
electrical neutrality (Hench and West, 1990). 
The A-site vacancies reduce the local stress 
in the domain which undergoes domain 
switching, this makes the domain mobile 
and thus increases the internal friction in 
the ceramic (Wu et al., 1983). On the other 
hand, if dopant ions enter the (Ti, Zr) site, 
the charge deficit at the B-site will be 
compensated mostly by the oxygen 
vacancies (Takahashi, 1982). 0-site vacancies 
inhibit the motion of domain wall and this 
will reduce the internal friction and thus 
increase Om (Wu et al., 1983). 

The aim of this study is to evaluate the effect 
of adding ions of Al, Fe and Mn on the 
piezoelectric properties, specifically on the 
Om of lanthanum-modified PZT (denoted 
as PLZT). The measurement of oxygen 
vacancies was also carried out, · by_ 
monitoring the oxygen diffusion coefficient 
of the ceramics. 

MATERIALS AND METHODS 

The starting materials were of analytical 
grade: PbO (99.0%), L~03 (99.9%), anatase 
type Ti02 (99.9%) and Zr02 (99.9%). The 
reagent grade materials used as im
purities were Mn(NOJ2.6H20, Fe(NOJ3.9Hp 
and Al(NOJ3.9H20. The materials were 
weighed according to the following proportion: 

where Mx = Fe, Al and Mn 

Impurities ranging from O - 1 O mole % were 
added to the principle constituent. 

The materials were ball-milled for 24 h in a 
polyethylene jar mill with ethanol, using 
zirconia balls and then dried. The dried 
powder was calcined at 850"C for 2 h 
and then ball-milled again for 24 h. Th~ 
calcined powder was screened through a 
100 µm sieve and then formed into pellets 
of 1 o mm in diameter. The pellets were 
then pressed isostatically at a pressure of 
625 kg cm·2 and then covered with zirconia 
powder in the alumina die prior to sintering. 
Sintering was carried out at 1200"C for 24 h 
in an oxygen gas flow, under the applied 
pressure of 5 kg cm·2 • The density of all 
sintered specimens were found to be more 
than 98.5% of the theoretical value. 
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The microstructures of sintered bodies 
were examined using a scanning electron 
microscope (SEM) while the grain size was 
determined on the SEM micrograph of 
fractured · surface by the intercept method 

• (Van Vlack, 1963). 

The sintered body -was then sliced to a 
thickness of 0.3 mm. Silver paste was 
applied to both surfaces of the discs and 
finally fired at 700"C to form an electrode 
for poling treatment and piezoelectric 
property measurements. The electrode 
sample was poled by applying a d.c. 
field of 3 kV mm·1 at room temperature 
for 5 mins to obtain ceramics to be 
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RESULTS AND DISCUSSION 

Figure 1 shows the plot of Om as a function 
of the three dopant ion concentrations. It 
was observed that Om of both the Al
and Fe-PLZT did not depend on dopant 
concentration. However, in the case of 
Mn-, Om increased correspondingly to a 
dopant concentration of 6% after which a 
decrease in om was seen. 

• Mn doped · 
• Al doped 
• Fe doped 

used as piezoelectric materials (Gerthsen, 1000 

1980). 

The piezoelectric property Om was E 

nie~sured 24h after the poling process O 

using the LF I mpedence Analyzer HP 4192A. 
Om was obtained from the determination of 
the minimum impedence at the fundamental 
resonance z,. the resonance frequency f,, 
the anti-resonance frequency fa and capa
citance C. The value of Om was calculated 
from the equation: 

o = f 2 I 2-rt z c (f 2 - f2) m a r r a r 

where the value of C was determined at 
.. 1 kHz {I RE Std, 1961). 

The sintered sample surfaces were 
optically polished before It was heated 
in a 180 enriched atmosphere for oxygen 
diffusion coefficient determination. A 
secondary ion mass spectrometer (SI MS) 
·was used to determine the depth profile 
of the 180 tracer concentration. 
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Figure 1. Om of Mn-, Al- and Fe-PLZT ceramics 
as a function of dopant concentration 

A more detailed study was carried out With 
tr-ie sintered Mn-PLZT. Figure 2 shows the 
Om dependence on Mn concentration; it 
was found that two distinct regions exist. In 
the first region above 0.2% Mn, Om is 
dependent on Mn concentration and it is 
believed to be caused by the additive 
effect. At concentrations below 0.2%, 
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an intrinsic behaviour is observed where 
Om did not depend on the Mn con
centration. 
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Figure 2. Om as a function of Mn concentration 

The polished sintered body obtained shows 
that only Mn-PLZr sample is opaque while 
the other two are transparent. This may 
indicate that Al ion and Fe ion enter 
the B-site with the same valency state. 

Microstructures of the sintered bodies were 
also · studied, SEM photographs of Fe
PLZT (Figure 3) show that grain size can 
be controlled ·by varying the dopant 
concentration. The same effect was also 
observed for the Al- and Mn-PLZT 
(Wersing, 1976) . 

Figure 4 shows Om as a function of grain 
size, O value of Al- and Fe-PLZT did not m . . 

depend on the grain size whereas an 
increase in Om was observed for Mn-PLZT. 

Figure 3. Microstructures of Fe-PL.ZT 
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However, a definite correlation could not 
be made. Therefore, the present results 
indicate that Qm is not influenced. by grain 
size (Figure 4). 

• 6% 

• Ml doped 
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.o. Al doped 
o Pure PLZT 
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Figure 4. Qm versus grain size 
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Oxygen diffusion studies were carried out 
to clarify results obtained earlier in the 
experiment (Figures 1 and 4}'. In this study, 
the measurement conditions were different, 
Fe- and pure PLZf samples were annealed 

~at 783°C for 90 min while Mn-PLZf samples 
were annealed at 6000C for . 23 min. This is 
due to the high oxygen diffusivity in Mn-PLZf 
-samples ·(Figure 5) . The addition .of Mn ions 
favours the production of 0-site vacancies 
which inhioit the domain wall motion and thus 
decreases the internahfriction and results in 
an increased Om .. 

The Arrhenius plot of tt;ie oxygen diffu.sion 
coefficient for 2% . dopant concentrations 
is shown in.Figure :6, The concentration of 
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oxygen vacancies in Fe-, Al- and undoped 
PLZf are smaller than that of Mn-PLZf by 
about · a 3 order magnitude, at the same 
temperature. Figure 7 shows the oxygen 
diffusion curve as a function of dopant 
concentration, where Mn-PLZf shows a higher 
oxygen diffusion coefficient as compared to 
the other three samples. The magnitude of 
oxygen diffusion coefficient reflects · the 
abundance of oxygen vacancies within the 
sample. The oxygen diffusion coefficients 
obtained in this study agrees with · that 
reported by Wu et al., (1983), where the Qm 
depends on the number of complexes of 
acceptor atoms and oxygen vacancies. 

o Pure PLZT } · 783°C, 
• Fe doped 90 min 

o.e 
• Mn doped - 600° C, 23 min 
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Figure 5. The depth profile of 180 tracer 
concentration 

However, further studies .. . are required to 
t,1nderstand ill depth the .vaiency st_ate~- of 
dopants incorporated. in .the ceramics: 
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Figure 6. Arrhenius plot of the oxygen diffusion 

coefficient 
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CONCLUSIONS 

The am of PLZT ceramic materials prepared 

depend on the oxygen vacancies. Mn-PLZT 

had a high oxygen diffusion coefficient and 

thus a high am value. On the other hand, _ 

Al-, Fe- and undoped PLZT show low oxygen 

diffusion coefficient resulting in low am. Also, 

grain size did not influence the am value. • 
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