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The influence of stainless steel particles reinforcement on the fracture toughness
of glass-ceramic matrix composite

Vladimir Pavkov', Gordana Bak1 Vesna \Iakmmovw Ivana Cvnjowc-A]aglc Aleksandar
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The fracture of engineering materials is always an undesirable phenomenon, which primarily can
endanger human lives, create economic losses, and lead to downtime and unavailability of
mechanical parts. The main drawback that still prevents the broader use of ceramic and glass-
ceramic materials is the tendency to brittle fracture due to extremely low toughness. Due to the
appearance of cracks, the mechanical properties and structure of the material degrade irreversibly.
which can lead to catastrophic failure of the mechanical element or construction. This drawback can
be overcome by synthesizing novel composite materials with glass-ceramic matrix and metal
reinforcement with improved fracture toughness.

This research examined two materials: a glass-ceramic material and a composite material based on
glass-ceramic-metal. The glass-ceramic material is obtained from andesite basalt powder, while the
glass-ceramic-metal composite is made from the glass-ceramic matrix of andesite basalt powder and
a metal reinforcement of stainless steel powder in the content of 20 wt.%. The aggregate of andesite
basalt from Serbia was used as the starting natural raw material for obtammg the glass-ceramic
matrix. The austenitic stainless steel powder of the commercial grade Surfit™ 316L was used as 2
reinforcement. Both materials were obtained using powder metallurgy, which consisted of the
following phases: crushing of andesite basalt aggregate, sieving of the stainless steel powder,
homogenization of powder and binder, cold uniaxial pressing of the powder, cold isostatic pressing
of green compact and sintering as the final phase to obtain a high-density solid sample.

The andesite basalt, and 316L stainless steel powder were characterized using a scanning electron
microscope and X-ray diffraction method. The sintered samples of glass-ceramic and glass-ceramic-
metal were characterized with an optical light microscope, scanning electron microscope, and
Vickers hardness test.

Based on the obtained results, it can be concluded that the presence of metallic particles in the
glass-ceramic matrix leads to a slight decrease in hardness while contributing to an increase in the
material's fracture toughness by about 33% [1]. During crack propagation in the glass-ceramic
matrix, different crack particle interactions were observed: crack stops, deflects, or bridgings when
encountering the spherical metal particle. These interaction phenomena and mechanisms of crack
propagation in the glass-ceramic-metal composite lead to an increase of crack propagation
resistance.
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