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Atomistic and Thermodynamic Origins of Volume
Relaxation Below the Glass Transition Temperature in
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The atomistic and thermodynamic aspects of structural relaxation below the glass transition
temperature remain major unsolved challenges in the field of glass science. In this study, we
employed experimental and theoretical approaches to elucidate the influence of non-bridging
oxygen atoms in the volume relaxation of soda-lime aluminosilicate glasses below the glass
transition temperature. Both approaches exhibited similar consistent trends, demonstrating
significant shrinkage in glasses with a high concentration of non-bridging oxygen atoms. Based
on our findings, we proposed and validated a theoretical equation for determining the volume-
relaxation time. Molecular dynamics simulations suggested that the volume relaxation was
affected by the steric silicate rings in the glass network.
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Table I Target compositions, T, Fragility, and C,, ...« of glasses.
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composition [mol%] Ty Cp cont
(I [AJIZ(ESJ ‘ 7 Fragility
Si0; AlyO3 Ca0 Naz0 Ca0J+[Nay0 (K] [7/(mol - K)]
NACSI.0 60.0 20.0 4.0 16.0 1.00 1032 41 14.7
NACS0.6 60.0 15.0 214 3.6 0.60 1032 55 187
NACS0.3 60.0 10.0 28.8 1.2 0.33 1033 69 18.9
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Fig. 1 Temperature profile for MD simulations.
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Fig. 2 Examples of specific heat measurements during (a)

Heating and (b) Cooling. The dashed lines represent

the fits obtained using Eq. (5).
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Fig. 3 Glass melt viscosities and fitting curves using the
Adam-Gibbs Equation (Eq. (7)).

Table I Adam-Gibbs fitting parameters of glasses from viscosity measurements (4, B,, S..(T,)) from Eq. (7), Kauzmann
temperature T,, and activation energy for atom rearrangement of volume relaxation By, calculated from Egs. (10)- (11).

Standard deviations are noted in brackets.

Al By, [kJ/mol] Seont(Tg) [T/ (mol + K)] Tk[K] By[k]/mol]
NACSL.0 6.8 (0.03) 356.5 (1.7) 942 (0.04) 549 186
NACS0.6 56 (0.02) 2565 (09) 7.03 (0.02) 706 135
NACS0.3 5.2 (0.01) 200.2 (04) 552 (0.01) 774 91
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Table IT KWW fitting parameters of glasses. Standard
deviations are noted in brackets.
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Fig. 4 Relaxation curves of the samples annealed at (a) TJ/T,
=0.97, (b) T./T, = 0.95, and (c) T./T, = 0.93. The lines
represent the fits obtained using the KWW equation
(Eq. (8)). The coefficient of determinations of these
fits are greater than 0.99. The KWW relaxation
parameters Tyuw and B are given in Table lll. Error
bars represent by the variation of 2 measurements of
the shrinkage of NACS1.0 annealed for 168 h at T/
7,=0.93.
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