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ABSTRACT
Lead zirconate titanate (PZT) nanopowder of molar composition 52/48

(Pb(Zr0.52Ti0.48)O3) was prepared by a modified sol-gel processing method. The starting
chemicals used for the preparation of PZT precursor were lead (II) acetate trihydrate,
zirconium (IV) propoxide, titanium (IV) isopropoxide, acetylacetone and 1,1,1-tris
(hydroxymethyl) ethane.  The as-reacted precursor and heat-treated powders at different
temperatures were characterized, using thermogravimetric analysis/differential thermal
analysis (TGA/DTA) and x-ray diffraction analysis (XRD) techniques.  The precursors
showed amorphous structure up to the calcination temperature of 500°C where perovskite
PZT started to form. Scanning electron microscopy analysis (SEM) showed that PZT
powder with various particle sizes in the range of nanometer could be obtained.
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INTRODUCTION
Lead zirconate titanate (PZT) material, having a perovskite-type ABO3 formula, is an

important ferroelectric material which has good piezoelectric and pyroelectric properties,
relatively high Curie temperature and relatively low sintering temperatures (Haertling, 1999;
Moulson and Herbert, 1999). PZT was found to be very suitable and useful for many
 industrial applications such as transducers, computer memory, pyroelectric sensors, electro-
optical modulators, etc., (Nagao et al., 1999; Kim and Song, 2003).  There are various meth-
ods that have been successfully employed for the preparation of PZT powders, for examples,
mixed-oxide, hydrothermal, sputtering, spray drying and sol-gel processing (Hammer and
Hoffman, 1998; Milne et al., 1999; Chen et al., 2002; Seifert et al., 2004).  Among them, the
sol-gel processing method has received particular interest because of its considerable
advantages in producing high-purity ultrafine nanoparticle over other processing methods.
The sol-gel method can produce rather reactive PZT nanopowders which gives rise to the
PZT ceramics with good compositional and structural homogeneity (Xu et al., 2004). The
most common method for sol-gel synthesis involves hydrolysis and condensation of metal
alkoxides with different modifiers including methoxylethanol (Budd et al., 1985), acetic acid
(Yi and Sayer, 1996) and acetlyacetone (Tu et al., 1996).  The modifiers were used to stabilize
titanium and zirconium alkoxides against hydrolysis caused by moisture in air.  Recently, two
different sol processing routes have been developed. The first one is known as a diol route
while the other is named a triol route (Kurchania and Milne, 1998; Nakasata and Milne,
2001). The triol route used a triol, 1,1,1- tris (hydroxymethyl) CH3C(CH2OH)3, which
undergoes ligand-exchange reaction with propoxy and pentanedione groups on the Ti and Zr



CMU. Journal Special Issue on Nanotechnology (2005) Vol. 4(1)➔54

starting reagents and links together metal components to form a polymeric precursor solution
(Nakasata and Milne, 2001).

The purpose of this research is to prepare PZT nanopowders by a triol sol-gel route.
Preliminary study on phase formation and transition temperature of the as-synthesized
powder is carried out.  The relationship between synthesis conditions and microcstructure of
these powders are also investigated and discussed.

MATERIALS AND METHODS
The starting materials used were zirconium (IV) propoxide (70%, Aldrich) 9.621 g and

acetylacetone (99%, Fluka) 6.206 g in a dry nitrogen atmosphere.  The mixture was refluxed
in an oil bath at 90°C for 2 h.  The solution was then cooled down to room temperature before
adding 5.562 g of titanium (IV) isopropoxide (99%, Aldrich), 16.498 g of lead (II) acetate
trihydrate (99%, Riedel) and 4.798 g of 1,1,1- tris (hydroxymethyl) ethane (99%, Aldrich)
into the solution.  The mixture was heated at 70°C for 4 h.  The final product was a viscous
golden solution, so called a sol.  After the resulting sol was dried at 120°C for 24 h, the
powders were formed and then were subjected to a calcination process at various tempera-
tures between 300-700°C for 2 h with heating/cooling rates of 5°C/min.  Thermal character-
istics of powders were studied, using thermogravimetric analysis/differential thermal
analysis (DTA and TGA). The phase formation to a perovskite PZT was determined, using
X-ray diffraction analysis (XRD, Phillip Model X-pert) with CuKα radiation. Scanning elec-
tron microscopy (SEM, JEOL JSM-6335F) was used for examining the microstructure and
particle size of the PZT powders.

RESULTS AND DISCUSSION
After the as-reacted precursor was dried, the as-received powder was characterized,

using DTA and TGA. The DTA curve in Figure 1 shows four endothermic and exothermic
peaks. The first peak at 95°C was primarily due to the removal of water and/or the organic
species within micropores of the powder (Linardos et al., 2004), corresponding to the TGA
result shown in the same figure, a continuous mass decreasing before 370°C occurred.  The
second DTA peak at 370°C corresponds to a weight loss as shown by the TGA curve.  This is
probably attributed to the oxidation of acetate as suggested by other researchers (Xu et al.,
2004). The third DTA peak at 600°C is not accompanied by a significant decrease in weight
and this therefore may reflect the crystallization of PZT powder (Weng et al., 2002), while
the DTA peaks at about 800oC may be caused by the decomposition of PbO which is also
related to weight loss in TGA curve over the same temperature range (Nothrop, 1968).
The XRD patterns of as-synthesized PZT and PZT powders calcined at 300, 400, 500, 600
and 700°C are shown in Figure 2. The results suggested that the as-received powder and
those calcined up to 400°C comprised only amorphous structure which was indicated by the
broadened XRD peak.  At 500°C, the crystalline perovskite-type structure of PZT started to
form and the degree of crystallinity increased with the calcination temperature. The complete
crystalline PZT powder was achieved at the calcination temperature of about 600–700°C and
its XRD peaks corresponded to a tetragonal structure (JCPDS file number. 33–784).  How-
ever, a very small amount of unknown phase also existed in the powder along with the
perovskite PZT. The formation of the unknown phase at 2θ ~ 29( is believed to be caused by
an inhomogeneous distribution of Pb, Ti, Zr component in the sol (Bursill et al., 1994; Weng
et al., 2002).  Some researchers referred to this unknown phase as a pyrochlore phase (Kwok
and Desu, 1992; Tiwari et al., 1998).
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Figure 1. A DTA and TGA diagram of as-received PZT powder.
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Figure 2. X-ray diffraction patterns of as-received PZT powder and PZT powders calcined
at 300, 400, 500, 600 and 700°C.
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SEM micrographs of synthesized PZT and calcined PZT powders are shown in Figure
3. It is seen that below 600°C, the powders are likely to melt to form an amorphous clot, in
good agreement with the XRD results. After 500°C, the particle sizes of all powders rapidly
increase with increasing calcining temperatures. This observation could be attributed to the
crystallization of PZT compounds in consistent with the TGA/DTA and XRD results
reported earlier. The results in this study suggested that the sol-gel PZT powder calcined at
600°C showed a potential to form a good ceramic due to its nano-sized particles with high
crystallinity of perovskite-type structure.

Figure 3. SEM micrographs of (a) as-received PZT powder and PZT powders calcined at (b)
300, (c) 400, (d) 500, (e) 600 and (f) 700°C.

CONCLUSION
PZT nanopowder was successfully synthesized by a triol sol-gel route. According to

the results of TGA/DTA analysis, crystalline perovskite-type PZT nanopowder could be
obtained at the calcination temperature of 500°C. XRD patterns confirmed the formation of
perovskite-phase PZT nanopowder.  However, a small amount of unknown phase was often
found to exist along with the perovskite PZT phase. The particle size in the range of nano-
meter was obtained at all calcination temperatures.  From this study, it could be seen that the
calcination temperature showed rather strong effect on the phase composition and micro-
structure of the sol-gel-derived PZT powder.
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