Inelastic Deformation of Glass

beneath Sharp Diamond Indenters
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— Introduction
What is the deformation mechanism of brittle material, such as glass,
especially at room temperature ?

It has been a controversial problem from 1970’s.
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Although the deformation mechanism is surely related with cracking,
or brittle behaviors of glass even in sub-micro scales, only a few
reports focus on deformation of glass beneath an indenter.

The purpose of this study is :
1. To propose a separation method of the permanent densification
part from the total indentation volume.
2. To clarify the effects of glass composition on densification.
3. To evaluate relationship between densification and indenter
geometries or indentation conditions.
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Experimental Procedures

Samples: Soda-lime silicate glass, and other glasses

(Microscope slide, Matsunami S-0050)
Indentation test:

Indentation load = 50 ~ 300 mN

Holding time = 15 ~ 999 sec.
Diamond indenter:
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Separation method of densified part from total indentaton volume :

Densified region can be relaxed by annealing at around 7,
Mackenzie(1963), Neely & Mackenzie(1968), Yoshida (2001, 2005, 2007, 2009)
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Densified structure is completely
recovered into undensified one
by annealing.

— Results and Discussion

Effect of glass composition (Vickers indenter):
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Densification contribution vs. Poisson’s ratio

Effect of indenter geometry (Trihedral pyramids):
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Effect of indentation holding time (Berkovich indenter):
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Conclusion

» Inelastic deformation of glass was investigated using some types
of diamond indenters.

» Densified volume can be estimated from AFM measurements
before and after annealing.

» Densification is a major mechanism of indentation deformation in
oxide glass, and depends on glass composition, indenter geometry,
and indentation conditions.




