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Glasses 
 

Within a metal, the atoms assume symmetrical positions on geometric arrays called 
crystal lattices. The defining feature of glasses, a subset of ceramic materials, is that the 
atoms assume random positions, like those within a liquid. Glasses do not melt with a 
discontinuous volume change, but like thermoplastics, smoothly change from rigid to 
viscous fluid at a softening temperature, more scientifically called a glass transition 
temperature. 

 
The principal constituent in commercial glasses is silica (SiO2), found in common sand. 
Glass of purified SiO2, called fused silica or fused quartz, has a high softening 
temperature over 1200 ºC and a low thermal expansion coefficient of ~1 × 10–6 deg–1C. 
This is specialized, high-quality glass. At the end of this section, we will define the 
thermal expansion coefficient, and see the benefit of a low value. 
 
Borosilicate glasses contain boron oxide (B2O3). These glasses have softening 
temperatures of ~800 ºC and thermal expansion coefficients of ~3 × 10–6 deg–1C. They 
include Pyrex® kitchen cookware. 

 
Finally, we will consider the soda-lime glasses, which contain soda (Na2O) and lime 
(CaO). These include common window glasses and have softening temperatures of 
~500 ºC with thermal expansion coefficients of ~9 × 10–6 deg–1C. 
 
Thermal Expansion Coefficient 
 
Heating and cooling results in reversible elastic deformation. The thermal expansion 

coefficient () is defined for the situation when stress equals zero ( = 0). 
 

  =  T, 
 

where T is the change in temperature. 
 
Consider the situation in which a hot solid is quenched into a cooler liquid. The outside 
cools quickly and tries to contract, but is constrained by the still hot interior. A simplified 
modeling of this is to consider a bar with constrained ends so that the total strain equals 

zero ( = 0). The total strain is: 
 

  = /E  +   T. 
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For constrained ends: 
 

0  =  /E  +   T; 

  =  – (E) T. 
 

This is a measure of the internal stress built up. For cooling, T is negative and  is a 
positive tensile stress trying to break the stiff outer skin by fast fracture. 
 
Most glasses have about the same elastic modulus (70 – 75 GPa). Therefore, their 
stress build up is proportional to their coefficients of thermal expansion. Quenched 
window glass readily shatters. Pyrex® is about three times more resistant. 
Spectacularly, fused silica can be heated to cherry red and quenched into water without 
breaking. 
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