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ABSTRACT

This paper will report the influence of the chemical composition that affected the mechanical properties of
phosphate glass. In this study lead oxide (PbO) has been used as the chemical reagent and the elastic property
was evaluated by using the ultrasonic measurement technique. A series of phosphate-based glass with the
percentages of lead oxide varies from 10% to 60% were prepared. An ordinary melt-quench technique of
preparation produced high quality of lead phosphate glasses (PbO-P20 5). The ultrasonic measurement was
carried out for the glass series at room temperature by using the Matec MBS 8000 Instruments. From the
velocities ofthe ultrasonic waves namely longitudinal, VL and shear, Vs waves the data has been used to estimate
the elastic modulus such as bulk modulus. Young's modulus, Poisson ratio etc. for each composition.

INTRODUCTION

The early history of glass was started 3000 b.c. in Mesopotamia somewhere in Middle East, but tremendous
progress of glass materials development was only started since the past few decades. The discovery phosphate
glass and some other glass system by Stoke in 1871 was the starting point of the development glasses [I].
Recently, the uniqueness of phosphate has attracted considerable attention in the glass science and technology
due to their various potential applications. Glass which containing oxide such as lead oxide as chemical
constituent's shows their potential in infrared transmission and non-linear optical properties [2]. A formation of
binary lead phosphate glass had used two chemical components namely the glass former, PzOs and the glass
modifier, PbO. In general, lead oxide has been used in a large scale in the glass industries and most of the
applications were focussed on the optical properties due to the high refractive index and optical application [3].
As suggested by Weys (1867), lead is .metallophilic' element that aid in the introduction of metal bonds into
distintly ionic bonds in glass [4]. In this paper, we report on the influences of lead oxide in the phosphate glass
that affected the elasticity of the glass system.

EXPERIMENTAL DETAILS

A series of lead phosphate glass varies from 10% to 60% of PbO contents were successfully prepared from an
appropriate amount of lead oxide, PbO (98% purity) and phosphorus pentoxide, PzOs (97% purity). The
chemicals were firstly mixed thoroughly in alumina crucible. Then the mixtures were heated to about 4000 C for
half an hour in the frrst furnace namely as T I in order to allow conditioning of the mixtures to take place. At this
stage, all moisture content trapped within the mixtures would be driven out. The crucible was then transferred to
the second furnace namely as T z , where the temperatures were progressively been set up to 1200°C. At this
temperatures the mixtures started to melt and reacting together. This process was held for I to 2 hours. Within
the melting process, the mixtures were stirred gradually in order to avoid the bubble formation, thus could
affected the ultrasonic measurements results.

As the mixtures were melted completely, the melt was cast into the preheated cylindrical split mould to produce
a glass cylinder of 20 mm in height and 10 mm in diameter. The glass was immediately transferred to the T, for
the annealing process and was kept for an hour as to relieve any residual stress and enhance its thermal stability.
Finally, the glass samples were cut to about 4 to 5 mm in height and were polished with fine grain sandpaper to
obtain two parallel and smooth surfaces. Later, the glass density was measured by Archimedes's method by
using acetone as an immersion liquid.
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between layers. The rigidity of the structure is increased by the addition of initial PbO content. Further addition
of PbO, which acts as a modifier, had broken the molecular bond. The Van der Waal attraction force was
ruptured by the addition ofPbO into the phosphate glass system.

CONCLUSION

Lead phosphate glass series were successfully synthesized by using lead oxide as the chemical constituents. By
using the ultrasonic techniques, the elastic property of binary lead oxide glasses has been estimated. In this
work, we found that the elasticity is associated with a strong correlation with the PbO as a chemical composition.
Through the structural changes in glass system by lead oxide which acts as glass modifier, a creation of non
bridging oxygen (NBOs) is believed affected the elastic modulus, Young's modulus, bulk modulus and Poisson
ratios.
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