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A B S T R A C T

A new and effective hot milling system was designed and applied to the synthesis of PbZr0.95Ti0.05O3 (PZT)
powder. PbO, ZrO2 and TiO2 powders were used as starting materials and hot milled at various temperatures
ranging from 10 ̊°C to 800 ̊°C. The obtained powders were characterized by X-ray diffraction analysis (XRD) and
scanning electron microscopy (SEM). Results indicated that pure, crystalline, and fine PZT powders with the
average particle size of 170 nm can be successfully synthesized directly after a relatively short synthesis time of
12 h at lower temperature of 800 ̊°C by the hot milling technique. In contrast to this method, this study de-
monstrates that conventional solid-state synthesis route, which includes milling and subsequent thermal an-
nealing, would not give rise to the synthesis of pure PZT powder, indicating the simultaneous heating and
milling effectively promotes formation of the perovskite PZT in the hot milling process. Finally, the results show
that the hot milling method is a simple and effective approach for the large-scale production of PZT powders.

1. Introduction

PbZr0.95Ti0.05O3 (PZT) is a member of perovskite ceramic materials
with ABO3 general formula and a Zr:Ti ratio of 95:5. PZT has ability to
release charge for generating megawatts of electrical power in a short
period of time when subjected to a shock-wave compression-induced
phase transition from rhombohedral ferroelectric to orthorhombic anti
ferroelectric phase [1–3]. This fascinating characteristic has captured
the attention of many researchers for several therapeutic applications,
such as high intensity ultrasound therapy [4].

Commercial PZT powders are usually prepared by the conventional
solid-state reaction process. In this method, starting materials, oxide
and carbonate powders, are blended and then the obtained mixture is
exposed to high temperature heat treatment to promote reactions for
the synthesis of final product. Although the synthesis method is simple,
the produced PZT powders with this route suffer from some important
drawbacks such as non-stoichiometry in composition due to loss of Pb
element, compositional fluctuation and agglomeration of the obtained
PZT powders because of the high temperatures used in this process
[5,6]. According to the sintering theories, the agglomerated powders
have serious disadvantages to the fabrication of ceramic bodies when

highly densified samples with homogenous microstructures are needed
[7]. To remove agglomeration effect, a grinding step is almost always
required to break large agglomerates and produce powders with better
features. However, this additional milling step is time and energy-
consuming and often leads to the contamination of the synthesized
powders with impurities which in turn can degrade functional perfor-
mance of PZT ceramics. A variety of methods have been developed to
prepare fine, agglomerated-free PZT powders, including chemical co-
precipitation, sol–gel process, hydrothermal reaction, reactive calcina-
tion, gel-combustion, spray pyrolysis, shock synthesis, and other related
methods which are based on organic precursors [8–21]. However, there
are some key disadvantages of these organic-based processes among
which cost of raw organic chemicals, lack of standardization, and
complicated terminology are considerable [22].

It is well-known that chemical reactivity of starting materials could
be significantly improved after an appropriate milling treatment, so
that the subsequent calcination temperature for the synthesis of ceramic
powders can be reduced in the conventional solid-state technique [23].
Moreover, the produced powder through ball milling was reported to
possess better characteristics from densification point of view. For ex-
ample, it was observed that sintering temperature of the high-energy

https://doi.org/10.1016/j.ceramint.2019.08.126
Received 10 July 2019; Received in revised form 12 August 2019; Accepted 13 August 2019

⁎ Corresponding author.
⁎⁎ Corresponding author.
E-mail addresses: a.sayyadi@gut.ac.ir (A. Sayyadi-Shahraki), alirezahojaji@alum.sharif.edu (A.H. Najafabadi).

Ceramics International 45 (2019) 24176–24181

Available online 14 August 2019
0272-8842/ © 2019 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

T

http://www.sciencedirect.com/science/journal/02728842
https://www.elsevier.com/locate/ceramint
https://doi.org/10.1016/j.ceramint.2019.08.126
https://doi.org/10.1016/j.ceramint.2019.08.126
mailto:a.sayyadi@gut.ac.ir
mailto:alirezahojaji@alum.sharif.edu
https://doi.org/10.1016/j.ceramint.2019.08.126
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ceramint.2019.08.126&domain=pdf

