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step solid-state reaction method. To this end, ZrTiO, (ZT) was first synthesized at 1450 °C for four hours. In the
next step, PZT was synthesized by calcination of appropriate amounts of PbO and ZT. Calcination of (PbO+ZT)
was performed at 850 °C. Next, the prepared PZT powder was doped by 0.02, 0.05, and 0.12 mol % of Nb,Os.
The cylindrical pellets of the PZT and PZTN powders were sintered at 1300 °C. The electrical properties of PZT

PZT, and PZTN samples were studied at 1 KHz. The experimental results indicated that upon increasing the amount

Two-Step Solid-State Synthesis,

of Nb up to 0.05 mol % in the PZTN samples, the piezoelectric charge coefficient (ds3), relative dielectric

PZTN, constant (g;), and dissipation factor (tand) would also increase. However, the increase in the amount of Nb over

Electrical Properties

0.05 resulted in a negative effect on the electrical properties. The values of the mentioned electrical properties

in the 0.05Nb-doped sample were 360 pC/N, 1400, and 2.4, respectively.
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1. INTRODUCTION

The Piezoelectric effect refers to the development of
electrical charges on the application of a mechanical
stress and vice-versa [1]. To date, PZT has been
considered one of the most widely studied and used
piezoelectric materials [2]. However, lead oxide, which
is a component of PZT, is highly toxic and due to its
volatilization, its degree of toxicity further increases at
high temperatures particularly during calcination and
sintering, thus causing serious environmental pollution.
Therefore, Researchers are looking for a way to replace
these materials with lead-free piezo materials [2]. Some
of the initially developed lead free piezo systems
function based on alkali metal-based BNT, BKT, KNN,
etc. [3-5]. PZT is a solid solution containing two
materials: (i) a lead titanate and (ii) a lead zirconate [6].
The characteristics of the PZTs were modified by
addition of different dopants to the “A” or “B” sites.
Followed by selecting a suitable composition near MPB
and suitable dopants, the PZTs of the high piezo
properties were synthesized [7]. This study developed a
simple method to prepare perovskite PZT powders via a
modified solid-state mixed oxide synthetic route without
adding PbO in excess. In this study, lead zirconate
titanate (PZT) and Nb-doped PZT (PZTN) were
synthesized through two-step solid-state reaction
method. In addition, the effect of Nb on the electrical
properties of the PZT was studied.

2. MATERIALS AND METHODS

Polycrystalline ceramic materials were obtained using
Z10,, TiO,, PbO, and Nb,Os (Merck, > 99 % purity).
First, ZT powder was synthesized followed by the solid-state
reaction between PbO and ZrOz. Then, the PZT powder was
prepared using the starting materials (ZT and PbO)
powders. Next, Nb-doped PZT (PZTN) was synthesized
through two-step solid-state reaction method. In this
research, ZrTiO4 (ZT) was first synthesized at 1450 °C
for four hours. In the next step, PZT was synthesized by
calcination of appropriate amounts of PbO and ZT. Of
note, calcination of (PbO+ZT) was performed at 850 °C.
The cylindrical pellets of the PZT and PZTN powders
were sintered at 1300 °C. The electrical properties of
both PZT and PZTN samples at 1 KHz were finally
investigated in this paper.

3. RESULTS AND DISCUSSION

The results indicated that upon increasing the amount
of Nb up to 0.05 mol % in the PZTN samples, the
piezoelectric charge coefficient (ds3), relative dielectric
constant (g;), and dissipation factor (tand) would also
increase. However, the increase in the Nb amount up to
over 0.05 caused a negative effect on its electrical
properties. The values of the mentioned electrical
properties in the 0.05Nb-doped sample were 360 pC/N,
1400, and 2.4, respectively.
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4. CONCLUSION

The suitable temperature for preparing ZT was 1450
°C. A modified two-stage mixed oxide synthetic route
was developed to prepare high purity Nb- doped PZT
powders, which is indicative of a high level of
reproducibility.
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