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Why is Glass so Breakable? Atomistic Mechanism and Strengthening ('School of Engineering,
The University of Shiga Prefecture) OJun Matsuoka'

The spreads of mobile devices and solar panels increases the necessity of thin and strong
glass against fracture.

Fracture is a chemical reaction in which all chemical bonds across a plane in a solid body.
It is caused by stress, stress-induced crack formation, and crack propagation. Origin of the
stress is not only the external force but also internal stress caused by thermal history, chemical
processing, or unexpected chemical reactions.

One of the thermal history, inhomogeneity of cooling rate from the melt in a solid body,
causes the internal stress. Faster cooling rate gives lower density in many glasses. This
trend is considerable for glass with high thermal expansion coefficient. Glass having higher
amount of atomistic voids (free volume) in three-dimensional network tends to have larger
cooling rate dependence of density. By the way, when an indent is formed at the glass surface
by contact with other hard solid, residual stress around the indent arise by densification and/or
plastic deformation. Internal stress is also induced by chemical exchange of ions. Induced
compressive stress gives the glass stronger, and tensile stress gives it weaker.

Crack is formed by the weakening of chemical bond caused by stress. Glass having higher
amount of free volume gives lower tendency of contact-induced crack formation. This should
be due to the stress reduction by densification.

Glass shows the slow crack growth phenomena, mainly caused by the breakage of covalent
bond in glass network with the environmental water. Therefore, crack propagation is
enhanced in humid atmosphere. Some glass compositions show plastic deformation, and it
gives the tough glass.

Clarification of the fracture mechanism will contribute the development of strong glass.
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