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Atomic Origin and Mechanism of Relaxation in Silicate Glasses

• This project studies relaxation, an inherent behavior in glasses 
that impacts many industrial applications. For example, 
relaxation can cause pixel misalignment in LCDs and impact the 
overall strength of glass and the optical properties of fibers.

• One goal of this project is to design glass compositions with 
limited relaxation.

• This research is focused on a glass family of sodium 
aluminosilicate glasses where the ratio of Al2O3/Na2O (R) varies 
from 0 to 1.44, and the SiO2 amount is constant at 61 mol%.

• Current results of the activation energy of enthalpy relaxation 
from differential scanning calorimetry show no conclusive 
minimum in relaxation for current compositions where R < 0.7.

• However, enthalpy of relaxation results from modulated 
differential scanning calorimetry show a minimum between R = 
0.2 – 0.5, thus more MDSC will be conducted and glasses with a 
higher R value where synthesized.

• More work is also being done to compare the two MDSC 
techniques – nonreversing heat flow and the complex heat 
capacity.

Piece of sodium aluminosilicate glass synthesized 
in the lab with a ratio of Al2O3/Na2O = 1.17.  

Presenter Notes
Presentation Notes
Relaxation behavior in glassy materials becomes more pronounced during heat treatments, thus playing a critical role in many industrial applications where a glass is exposed to high-temperature post-forming processes.
Relaxation impacts numerous properties of glass products such as: pixel alignment in liquid crystal displays (LCDs), compressive stress evolution in chemically strengthened glass via ion exchange, control of Rayleigh scattering in optical fibers, and adjustment of the coefficient of thermal expansion (CTE) of ultra-low expansion (ULE) glass.
Modulated Differential Scanning Calorimetry (MDSC) is similar to regular DSC except that instead of a linear heating rate, a sinusoidal heating rate is used instead. The user must specify a heating rate and oscillation period and amplitude. MDSC has the added advantage of being able to measure the complex heat capacity, which can give insight into the enthalpy relaxation behavior of glass. 
There are two different techniques for analyzing MDSC data – one that uses the area under the nonreversing heat flow curve to calculate the enthalpy of relaxation, and one that looks at the peak of the imaginary heat capacity determined from the complex heat capacity. There has been much debate in the glass science and thermal analysis community about which technique is best.
Previous work suggests that a minimum in enthalpy relaxation corresponds to an optimally connected structural network with a decreased propensity for relaxation.
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• The lead PhD student on the project, Brittney Hauke, 
helped run the 2022 Physics Congress that took place in 
October in Washington DC. The Physics Congress takes 
place every three years and is the largest gathering of 
undergraduate physics majors in the country. Brittney 
made sure the entire event ran smoothly and was part of 
the planning committee. She also sat on a panel 
discussing graduate school in materials science.

• Brittney was a volunteer at the 2023 Center of Science 
and Industry (COSI) Science Festival in Columbus, Ohio 
and assisted the American Ceramic Society (ACerS) with 
their booth demonstrating fun experiments on glass 
science for kids, like a jolly rancher fiber draw. This year 
they partnered with Owens-Corning and focused more 
on fiber glass.

• Brittney attended the American Institute of Physics board 
meeting in June to talk about how to support 
undergraduates in physics, a topic important to her since 
she got her BA in physics (and studio art).   

Brittney Hauke (front left) and other volunteers at 
the 2023 COSI Science Festival. 
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