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Compositional and structural dependence of
thermal expansion coefficient of silicate glasses
and glass forming melts
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The thermal properties of glass are not only significant in the production process for glass
material (such as sheet glass) but also in the fabrication for final products. Among these, the
coefficient of thermal expansion (CTE) of glass and glass forming melt is particularly crucial.
This is due to its wide-ranging applications. It is used to evaluate the refining behavior in the
glass melting process through thermal convection flow prediction. Furthermore, CTE
influences the stability of pattern accuracy during photo-patterning, warpage caused by
temperature change of laminated sheet and thermal shock resistance. While it is well-known
that thermal expansion coefficient depends on its chemical compositions, the relationship
between CTE below and above glass transition temperature, the effect of composition and
structure on the dependence of temperature dependence of CTE, are not fully understood.
Therefore, uncovering the origin of the compositional dependence of CTE is of interest both
from a practical and a scientific perspective. AGC has collaborated with Pennsylvania State
University since 2018 to investigate this topic. This paper summarizes two published
outcomes of PSU-AGC collaboration. Both papers utilize structural models constructed
through molecular dynamics simulations. One paper employs the application of Voronoi
polyhedra to estimate the volume change of constituent ions. The other paper examines the
effect of the network structure on CTE using a technique referred to as "topological pruning"
of the silicate network. Through these innovative approaches, we aim to achieve a deeper
understanding of the origins of thermal expansion caused by compositional changes in glass.
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Fig. 1 Temperature dependence of specific volume (thermal
expansion) of glass and glass forming liquid
(Tg: Glass transition point, Tm: Melting temperature)
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Fig. 2 Schematic illustration of Voronoi polyhedron analysis
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Fig. 3 Calculated partial molar volume for each component (a)
and specific volume change for silicate glasses investigated in this study (b). (1)
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Table 1 Glass composition used in this study (expressed in
mol%). Tf denotes fictive temperatures obtained
by the MD simulation. (2)

Sample code N0 K0 Mg G0 S0, LK)
s01 17.0 0.0 0.0 15.6 674 1258
s02 0.0 163 0.0 16.3 67.4 1598
s03 17.1 0.0 16.6 0.0 66.2 1323
s04 0.0 16.1 16.7 0.0 67.2 1615
s05 84 8.2 0.0 16.3 67.1 1335
s06 8.6 8.1 16.7 0.0 66.6 1498
s07 17.1 0.0 83 8.2 66.3 1275
s08 0.0 163 84 8.1 67.2 1549
s09 8.5 8.2 83 83 66.7 1377
s10 128 0.0 6.2 6.0 749 1326
sl 0.0 11.6 6.3 59 76.2 1670
s12 6.4 57 124 0.1 754 1584

s13 6.4 59 0.2 12.1 754 1352
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ting using MD simulation and estimated value using
calculated activation enthalpy (2)
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