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LOW-MELTING GLASSES
IN THE PbO-B,05-SiO; SYSTEM

Lead borosilicate glasses are a versatile class of materials with a wide range of potential
applications. Their unique properties, such as low melting point, high refractive index, and
excellent chemical durability, stem from their unique composition and structure. The addition of
lead oxide to borosilicate glass reduces its melting point and increases its refractive index. This
makes lead-borosilicate glasses ideal for use in optics and electronics. Lead borosilicate glasses
have also been used as nuclear waste immobilization matrices due to their high density and
chemical resistance. A comprehensive comprehension of the interplay between composition,
structure, and properties in low-melting lead borosilicate glasses empowers scientists and
engineers to fine-tune their performance for specific applications, thereby broadening their
potential utility. In light of this, our study was motivated by a desire to unravel the influence of
chemical composition on the thermal properties, specifically the glass transition temperature and
melting temperature, of lead borosilicate glasses.

Glass transition temperature and melting temperature are crucial properties in the field of
materials science and engineering, particularly when it comes to glass materials. These properties
provide essential insights into how glass behaves under different thermal conditions, and they play
a significant role in determining the suitability of a glass material for specific applications. The
oxide composition of the glass is a fundamental factor that shapes these properties [1]. Figure 1
illustrates the variations in glass transition temperature (Tg) and melting temperature (Tm) as a
function of different compositions within the lead borosilicate system.
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Fig.1. Ternary diagrams illustrating (a) the glass transition temperature (Tg) and (b)
melting temperature (Tm) in relation to the composition within the PbO-B203-SiO2 system
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The results obtained from differential thermal analysis reveal a significant trend: as the PbO
content increases, both the glass transition temperature (from 425 to 310 °C) and the melting
temperature (from 730 to 530 °C) exhibit a notable decrease. This phenomenon can be attributed
to several factors, including alterations in bond strength, cross-link density, and packing density
within the glass matrix.

The advantage of lead borosilicate glasses with low glass transition temperatures is their
ability to effectively prevent oxidation, deformation, and fracture of structural components during
brazing.

The findings unearthed in this study underscore the potential suitability of these investigated
glasses for various cutting-edge technologies, including applications such as glass-to-metal seals,
solder glasses, thick-film pastes, and low-firing glazes.
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