
Structure Behaviors and Phase Evolution of Lead Zirconate Titanate 

Ceramics Prepared by Sol-Gel Processing 

Tien-I Chang*1, Chuan-Pu Liu1, Sheng-Chang Wang2, and Jow-Lay Huang1 

1Department of Materials Science and Engineering, National Cheng Kung University, Tainan City 
701, Taiwan 

2Department of Mechanical Engineering, Southern Taiwan University of Technology, Yung-Kang 
City, Tainan County 710, Taiwan 

1Postal address: No.28, Lane 45, Fuhua 10th St., Yongkang City, Tainan County 710, Taiwan 
(R.O.C.) 

*Corresponding author, maxwell0926@yahoo.com.tw 

 
Lead zirconate titanate (PZT) (53/47) powders were fabricated by the alkoxide-based sol-gel 
process, and the different drying times (1h and 12h) at the pyrolysis temperature (300oC) of lead 
acetate were studied. The different pyrolysis time before calcination affects the onset and the 
violently dominant decomposition temperatures of lead acetate. According to the estimated 
activation energy results, the 1h pyrolysis time showed that the transformation of the pyrochlore to 
perovskite phase is nucleation-controlled (424.5kJ/mole), but the 12h pyrolysis time is 
growth-controlled (125kJ/mole). It was also found that the relative PZT perovskite contents were 
controlled by the carbonaceous material contents within the dried gels and the release rate of 
hydrocarbon during the pyrolysis process. With the proper pyrolysis-treated PZT powders, the 
dense, phase-coexisted PZT bulks could be produced at a low sintering temperature of 950oC and 
1000oC. The phase transformation of the PZT ceramics changed from the rhombohedral phase 
(900oC) to rhombohedral and tetragonal phase coexistence (950oC and 1000oC), then finally to the 
monolithic tetragonal phase (1050oC and 1100oC). A phase diagram is plotted based on the 
different sintering conditions. The dielectric properties were dependent on the relative densities of 
the PZT bulks, and the PZT bulks sintered at 1000oC for 6h had superior dielectric constant (1080) 
and lowest dielectric loss (0.7%).  
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FIG. 1. (a) TEM morphology of the H.T 12 as-pyrolyzed powders, and the diffraction 
patterns of the bright particle (b) and dark particle(c).The EDS results for the bright 
particle (d) and dark particle (e).   
 
Table 1 Activation energies of various reactions for H. T 1 and H. T 12 dried gels 
 

Reactions 
 

Reactions 

*H. T 1 
(kJmol-1) 

H. T 12 
(kJmol-1) 

Formation of 
PbO 

Pb(CH3COO)2 Pb(CH3COO)2.PbO 
Pb(CH3COO)2.2PbO PbO1-X(CO3)X

PbO  

 
56.2±2.7 

 
77±2 

Formation of 
pyrochlore  

PbO + (ZrOx)amorphous + (TiOx)amorphous 
Pyrochlore 

 
351.4±19.5 

 
122±1 

Formation of 
perovskite 

 
Pyrochlore  perovskite 

 
424.5±23.6 

 
125±4 
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