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Development of “Ductile-mode Peening” for Precise Glass Processing Based on
Microscopic Plastic Deformation at Room Temperature, and its Application
for the Fabrication of a Lotus-leaf-inspired Structure

Yutaka Kameyama
Department of Mechanical Engineering, Tokyo City University
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A novel surface modification technique for glass, referred to as “ductile-mode peening”, was
developed that aims to induce microscopic plastic deformation in glass at room temperature. Its
advantages in suppressing powder adhesion were explored. While conventional peening
processes glass surface in a brittle manner, resulting in roughing the surface, peening under
shallow peening angle induces ductile deformation in the glass surface. Such microscopic
plastic deformation was observed when the depth of the collision dent formed by an individual
particle remaining on the glass surface was approximately 100 nm or less. These ductile-mode
dents were characterized by surface features consisting of both depressions and protrusions.
Furthermore, within the range of processing conditions under which this ductile deformatio
nmechanism emerged, protruding structures formed by the transfer of fine particles onto the
glass surface were sometimes observed, as well as tongue-like structures suggesting plastic flow
in a very shallow surface layer of the glass. These results indicate the potential for fabricating
a variety of surface textures on glass surfaces through ductile-mode peening. Evaluation of
powder adhesion revealed that powder attachment can be effectively suppressed by fabricating
appropriate surface textures on the glass surface. When protrusions are arranged at spacings
smaller than the particle size, the powder particles are supported by the surface protrusions,
leading to a reduction in the true contact area. This reduction was concluded to be the primary
factor responsible for the observed suppression of powder adhesion.
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