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ABSTRACT 

Most of the rencently development of piezoelectric ceramics has focused on 

piezoelectric ceramic materials research and, in particular, on developing new 

materials. These materials should have the dielectric and piezoelectric properties 

required for use in the desired piezoelectric ceramic devices. The vast majority of 

piezoelectric ceramic materials found in the marketplace today are lead 

zirconium titanate (PZT). They have a perovskite structure, and are characterized 

by high dielectric constant, low dielectric losses, and high electromechanical 

coupling factors. 

In the present work, various synthesis routes are applied for the fabrication of 

bulk PZT ceramics. Firstly, the Solid-State Reaction route is adapted with either 

one or two stages. Secondly, Sol-Gel route using two selected solvents, Ethylene 

Glycol Monomethyle Ether, and, Acetic acid are used. PZT ceramics with a 

composition, (Pb(Zr, Ti 1.,)03, x= 0.52-0.53), near the morphotrobic phase 

boundray (MPB) in the presence of excess lead oxide are produced using the 

various suggested routes. However, the basic composition is kept constant, for 

One-Stage Solid-State Reaction route, excess lead is added in different amounts 

of 3 or 5 mol% PbO in order to determine the effect of lead deficient. Also, in the 

Two-Stage Solid-State Reaction route, the basic composition with another one of 

3 mol% PbO are produced. Sol-Gel route using two different solvents (Ethylene 

Glycol Monomethyle Ether, and, Acetic acid) is applied to produce one PZT 

composition (Pb(Zr, Ti 1.,)03, x = 0.52) in the presence of 4 mol% excess PbO. 

Characteristics of the produced PZT ceramic materials were determined using 

X-ray, metallographic examination (SEM), density measurements, and electrical 

properties measurements. 



The results indicated that, the preparation of stoichiometric composition 

without excess PbO of PZT ceramics by One-Stage Solid-State Reaction requires 

a high processing temperatures to form the PZT ceramics. This leads to high 

losses of PbO, low reactivity of the powder, presence of second phase and 

compositional fluctuations with the subsequent effect of electrical properties 

deteriorations. In the presence of lead oxide both structure and electrical 

properties are observed to improve to large extent. The mechanisms of such 

effect have been examined in the light of the obtained results. 

In the Two-Stage Solid-State Reaction route a lower processing temperatures 

is proven to be required to form PZT materials. This temperature is lower than 

that one used in the previous methhod by I00-200°C. As a result, a dense, 

relatively homogeneous and singfe phase structure is obtained without the need 

to excess PbO additions. The electrical properties is much better compared with 

those obtained in One-Stage Solid-State Reaction route. 

The preparation of PZT ceramics by Sol-Gel route using ethylene glycol 

monomethyle ether as a solvent gives closed structure and electrical properties to 

the PZT ceramics produced by Two-Stage Solid-State Reaction route. In the 

route of using acetic acid as a solvent is observed to produce the best structure 

and consequently the best electrical properties ofPZT ceramics produced by the 

previous routes. 

In all the methods of production of PZT ceramics, reaction mechanisms and 

structures changes during various stages of production are carefully followed and 

related to the final material characterization and also compared with existing 

results relavant to method used. 
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