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Simulation Methods of Glass Composition and Properties: A Short Review
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Abstract: Seven methods of modeling glass properties were briefly reviewed, i.e., covering additive method, phase diagram
method, Priven method, topological theory, molecular dynamics simulation, machine learning, and mathematical statistical
modeling (composition-property, structure-property, and composition-structure-property). The principle, theoretical basis,
procedure of each method and their application were highlighted. The additive method demonstrates its application modeling
multiple glass properties. The phase diagram approach is suitable for binary, ternary and quaternary systems of silicate, borate and
borosilicate glass systems. The Priven method combines glass structure, thermodynamic equations and computer simulation;
topological theory is used to simulate several properties of simple oxide and sulfide glass. The molecular dynamics simulation
provides insight of molecular structures of glass of various compositions. The machine learning method is utilized based on a
large database from the literature to predict properties of complex glass systems. The statistical modeling methodology is applied
to bridge mathematical interrelationships of composition (C) — structure (S) — property (P) of multicomponent systems of silicate,
borosilicate, and phosphate glasses. The C—S—P statistical modeling approach shows the improvement in accuracy and precision
rather than the conventional C—P statistical modeling in the design of new glasses.
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Table 1 Characteristics of C-

P and C-S-P modeling!®"!

Sample No. C-P model C-S-P model
1 The simulation process uses statistical methods to filter out high ~ The simulation process uses statistical methods to filter out high impact
impact components, without chemical structure information structural groups and provide chemical structure information
2 Component uncertainty is influenced by the test method Structural uncertainty is influenced by test methods and theoretical
understanding
3 The dependence of the change of any two elements in the glass  Independent of the dependence associated with changes in any two
is low and the elemental substitution method is usually not elements, including the use of elemental substitution
applicable
4 Difficulty and low accuracy in simulating the non-linearly  Usually independent of the amount of data and suitable for linear,
varying properties of more complex glass systems under especially complex simulation of the non-linearly varying nature of
data-limited conditions the heterogeneous glass system with high accuracy
5 Lack of basis for selection of cross-cutting effects on elements The cross influence of structural groups is supported by a better
structural test
6 Relatively low cost of setting up the database Relatively high cost of setting up the database
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