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New Glass-ceramics based on Ca0O-Al,O,-SiO, System with
Precipitation of Metastable CaAl,Si,O4 Crystal.
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Glass-ceramic materials have been widely investigated for several decades due to their
potential for realizing superior properties to those of glassy materials. In this paper, we show
that metastable CaAl:Si2Og can precipitate as SiO2-Al203-CaO glass with molybdenum
particles as a nucleating agent. The structure of the metastable crystalline phase was
characterized by Raman spectroscopy, transmission electron microscopy (TEM), and
Rietveld refinement of its X-ray diffraction pattern. These data indicated that the CaAl2Si2Os
crystal has a triclinic crystal system with space group PI, in which the hexagonal crystal
system was slightly distorted by several degrees. The precipitation of CaAl2SizOs crystal
promoted micro-crack formation when fracture stress was applied to the material. The
micro-crack formation prevented the propagation of straight cracks in the material, creating
a rough fractured surface. The hardness of the glass was decreased by approximately 30 %
by precipitation of CaAl2Si2Os crystal. Consequently, the brittleness, defined as the toughness-
to-hardness ratio, decreased by 70 % compared to the original glass.
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Fig. 1. Appearance of glass-ceramics.
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Fig. 2. SEM images of the glass-ceramics (a) Polished
surface (b) Fractured surface.

Table 1. Chemical compositions of crystal, matrix, and
mother glass. (wt%)

Crystal Matrix Mother glass
SiOy 49.7 56.4 53.9
AlO3 27.3 14.8 20.5
CaO 229 28.8 25.6
MoO3 tr. tr. tr.
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Fig. 3. (a) TEM image of CaO—AIl,03—SiO5 glass-
ceramics. (b) Observed electron diffraction pattern
of metallic molybdenum. (c) Calculated electron
diffraction pattern of metallic molybdenum. (d)

Schematic illustration of atomic arrangement of
metallic molybdenum.
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Fig. 4. Crystal structure of CaAl,Si,Og. (a) Hexagonal-type
(b) Monoclinic-type. Images produced by VESTA
software (13),
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Fig. 5. Microstructure of CaO—Al,03—SiO, glass-ceramics characterized by TEM. (a) TEM image. (b) Observed electron
diffraction pattern. (c) Calculated electron diffraction pattern (for a-c, incident electronic beam parallel to the [001]).
(d) Schematic illustration of atomic arrangement of CaAl,Si»Og crystal on the (001) plane. (e) TEM image. (f) Observed

electron diffraction pattern. (g) Calculated electron diffraction pattern (for e-g, incident electronic beam parallel to the
[1-10]). (h) Schematic illustration of atomic arrangement of CaAl,Si>Og crystal on the (010) plane.
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Fig. 8. Rietveld refinement pattern of CaO—Al,03—SiO»

Fig. 6. Raman spectrum of glass and glass_ ceramic. glass-ceramics against X-ray diffraction data (A=
(a) Mother glass of Ca0—Al;03—SiOp. 1.5418 A). Red circle, blue line and black lines
(b) CaO—Al,03—SiO, glass-ceramics. represent the measured, calculated, and difference

patterns, respectively. Green cross marks
correspond to Bragg positions of P7 space group.
(b) (pr =34%andS=1.6 %)
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Crack
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Fig. 9. Indentation and crack formation by Vickers indenter
under 1 kgf load. (a, c) Before heat treatment. (b,
d) After heat treatment. (e) Enlarged figure of the
cracks observed in (d).
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Fig. 10. Load-displacement curves corresponding to
bending tests. Solid line ; Glass-ceramics. Dashed
line ; Mother glass.

Table 2. Mechanical properties of mother glass and glass-

ceramics.
Mother glass | Glass-ceramics
Hardness /GPa 5.7 39
E‘/Irla;;trlrllll‘/ez toughness / 1.0 29
Brittleness / m/2 5700 1800
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