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Abstract: Due to its special properties for optical material and excellent glass forming materials, borate
glass with composition xPbO-(l 00-x)BZ0 3 where x varying from 20 to 40 mol % are prepared by melt
quenching techniques. The physical properties of glasses have been identified such as density, molar
volume, X-ray diffraction(XRD), microhardness and FTIR spectroscopy measurement. The glass
densities were found to be increased from 4.1848 gcm-3 to 5.2099 gcm-3

. Besides, the increment in molar
volume from 23.9757 cm3mor l to 25.1536 cm3mor l PbO-B20 3 glasses with an increase in the PbO
content has been observed and discussed. The X-ray diffraction pattern of PbO-B20 3 shows the broad
humps which comfirms amorphous nature in the glass networking since no peak has been observed in the
diffraction pattern. The FTIR study shows that the incorporation of PbO as network modifier helps in
converting B03 group to B04 units. This reveals that when PbO ions enter the glass structure it can alter
the glass networking. Based on the microhardness study, it was found that the microhardness showed
linear decrease from 386 kg/mm2 to 280 kg/mm2 with an increase in the PbO contents. The results will be
discussed and presented in details.
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1. Introduction

Recently, borate glasses received more interest due to their useful physical properties.
Borate is a glass forming oxide as B20 3 based glass is an attractive optical material that have
been used as electro-optic switches, electro-optic modulators, non-linear parametric converters
and solid state laser materials by incorporating with heavy metal oxides. Borate glasses show
high transparency, low melting point, high thermal stability and good glass forming nature. The
structure of the borate glasses is not a random distribution of B03 triangle and B04 tetrahedra,
but a gathering of these units forms well defined and stable borate groups such as diborate,
triborate, and tetraborate that constitute the three-dimensional random network (Yasser et aI.,
2009)

PbO has many extra-ordinary properties such as a high refractive index, large density,
excellent infrared transmission and high nonlinear optical susceptibility. Therefore, lead oxide
has been used as a constituent in several borate and phosphate glasses in order to achieve useful
physical properties. For example, glasses containing Pb provide low melting glass, which are
suitable for sealing applications. The high density of this glass makes it a nominee for radiation
shielding material. Even though PbO is not a glass-forming oxide by itself, it can be
incorporated in substantial quantities into the other glass-forming oxide systems such as ZnO
B20 3 (P. Limkitjaroenpom et aI., 2011). Also, the optical properties and photo-elasticity of
PbO-B20 3 glasses were investigated by A.A. Soliman (2009) and K. El-Egili et al. (2011)
respectively. It is concluded that, PbO-B20 3 glass systems have been observed to be promising
gamma-ray shielding materials (G. Sharma et aI., 2006). Lead borate based glass formulations
with high chemical durability and lower melting temperatures compared to the currently used
glasses were developed as candidates for the vitrification of radioactive waste (Y. Cheng et aI.,
2007).

In this study, the aim is to study the physical properties of the PbO-B20 3 glass system.
The physical properties were determined by mean of their density, molar volume, X-ray
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