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 In this research, three systems of lead base ferroelectric ceramics were studied. These 

systems are lead bismuth germanium oxide (11.50Pb3O4-22.98BiO1.5-54.01GeO2: PBG), lead 

iron niobate (Pb(Fe0.5Nb0.5)O3: PFN) with addition of lead bismuth germanium oxide 

(11.50Pb3O4-22.98BiO1.5-54.01GeO2: PBG) and lead magnesium niobate-lead titanate 

(0.9PMN-0.1PT) with addition of Bi2O3:Li2CO

For the first system, the fabrication of glass ceramics embedded with Pb

3 

3Bi2(GeO4)3 

crystals has been carried out. The Pb3Bi2(GeO4)3 crystals were precipitated in the 11.50Pb3O4-

22.98BiO1.5-54.01GeO2 glass system. The study is focusing on the region of 11.50mol%Pb3O4-

22.98 mol% BiO1.5-54.01 mol%GeO2. The glasses were prepared by conventional melt-

quenching method. The composition of glasses was melted in Pt crucible in an air atmosphere. 

The resulting glasses were analyzed by using differential thermal analysis (DTA) for 

determining the crystallization temperature (Tc). The glasses were heat treated at 500, 527, 550 

and 608�C. After that, the glass ceramic samples were investigated in terms of phase 

composition, physical properties, electrical properties and their morphologies. It was found that 

Pb3Bi2(GeO4)3 glass ceramics have the best electrical properties at heat treatment temperature 

about 527�C. Dielectric constant (�r), dielectric loss (tan�) and remanent polarization (Pr) 

values of this glass ceramic were found as 73.25, 0.33 and 1.59 �C/cm2, respectively.  
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For the second system, lead iron niobate (Pb(Fe0.5Nb0.5)O3: PFN) and lead bismuth 

germanium oxide (11.50Pb3O4-22.98BiO1.5-54.01GeO2: PBG: PBG) ceramics were prepared by 

a mixed-oxide method and melt-quenching method, respectively. The PFN and PBG powers were 

mixed with the desired molar composition of (1-x) PFN-xPBG where x = 0.0, 0.5, 1.0 and 1.5 

%wt. Then the powders were pressed and subsequently sintered at various temperatures. Physical 

and electrical properties were also observed. In this work, the phase formation of PFN-PBG 

system has been investigated using X-ray diffraction technique. Dielectric and ferroelectric 

measurements were also performed. It was found that the curie temperature (Tc) was increasing 

by PBG addition. The ceramic with good ferroelectric property of Pr = 8.31 �C/cm2

For the third system, the addition of fluxing agent of Bi

 was 

obtained with the reduction of sintering temperature of 150�C from normal sintering temperature. 

2O3 and Li2CO3 was employed in 

lowering the sintering temperature of 0.9PMN-0.1PT ceramics. Various ratios of Bi2O3:Li2CO3 

with the formula of xBi2O3+yLi2CO3

 

, where x+y = 10 and x = 1, 3, 5 were added to the dried 

powder of 0.9PMN-0.1PT with 1 wt% concentration. An excess PbO content of approximately 3 

%wt. was added to all compositions to compensate the lead loss. After that, the mixed powders 

were pressed into pellets and subsequently sintered to form the ceramic samples. The results 

showed that the sintering temperature of 0.9PMN-0.1PT ceramics could be lowered down from 

1250�C to 900-1000�C by the addition of small amount of the oxide additives, where the 

optimum composition was found in the sample with x:y = 1:9 at sintering temperature of 1000�C. 

Moreover, the densification, dielectric and ferroelectric properties of this sample remain 

acceptable in particular uses. 


