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Microstructure of Glass-ceramics Made from Bottom
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Abstract Glass ceramics were made from coal bottom ash by adding CaO and Li;O as glass modifiers and
TiO; as a nucleating agent in a process of melting and quenching followed by a thermal treatment. The surface
of the glass ceramics has 1.6 times more Li;O compared to the inner matrix. When TiO; was not added or
when only 2 wt% was added, the surface parts of the glass ceramics were crystalline with a thickness close
to 130 pm. In addition, the matrixes showed only the glass phase and not the crystalline phase. However,
doping of TiO; from 4 wt% to 10 wt% began to create small crystalline phases in the matrix with an increase
in the quantity of the crystalline. The matrix microstructure of glass ceramics containing TiO; in excess of
8 wt% was a mixture of dark-gray crystalline and white crystalline parts. These two parts had no considerable
difference in terms of composition. It was thought that the crystallization mechanism affects the crystal growth,
direction and shape and rather than the existence of two types of crystals.
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Table 1. Composition analysis of coal bottom ash. (Wt%)
S102 A1203 F6203 CaO MgO NazO Kzo T102 ZI‘Oz P205 Cr203 MnO
58.5 23.9 10.4 2.8 1.0 0.2 1.7 0.4 0.3 0.0 0.1 100.0

(d)

CaCOs(High Purity Chemicals, 99%+), Li;CO;(JUNSEI,
99%+) 28] 3L TiO,(High Purity Chemicals, 99.9%) ©|T}.
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Fig. 1. The SEM view for polished section of the 80B/A-10Li,0-10CaO glass-ceramics with various TiO, contents heat treated
at 676 °C/ 1hr (magnified by X 100); (a) 0%, (b) 2% (c) 4 %, (d) 6 %, (¢) 8 % and (f) 10 % TiO,.
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Table 2. Element analysis obtained by EDXS for various parts
from Fig. 1.

Part
M* S* B** W
Element
o 55.0 50.6 494 50.2
Si 15.6 122 10.8 114
Li 18.3 28.3 29.5 27.6
Al 5.6 4.9 4.0 42
Ca 3.6 2.7 23 2.8
Fe 1.5 1.1 1.5 1.6
Ti 0.0 0.0 1.5 1.5
Others 0.4 0.2 1.0 0.7
Total 100 100 100 100

* were indicated at Fig. 1(a).
** were indicated at Fig. 1(f).

80B10L10C Surface XRD (0 =1)
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* Unknown
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Fig. 2. XRD patterns for the surface of glass-ceramics without
TiO, addition (excerpted from reference 7).
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Fig. 3. Enlarged microstructure for the surface crystal of glass-
ceramics without TiO, content. The magnification ratio is (a)
X 500 and (b) X 2,000.
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Fig. 4. Enlarged microstructure showing the interface of
surface crystal and glassy matrix for glass-ceramics containing
2 wt% TiO, (magnified by X 5,000).
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Fig. 5. Enlarged microstructure showing (a) the interface of

surface crystal and glassy matrix by X 500 and (b) surface
crystal part for glass-ceramics containing 4 wt% TiO, by

X 10,000.
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Fig. 6. Enlarged microstructure for the of glass-ceramics containing 6 wt% TiO,. (a) and (b) is for interface of surface crystal
and matrix, and (c) is for the dark-grayed part resided in the matrix.
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Fig. 7. Microstructure for the glass-ceramics containing 8 wt%
TiO,. (b) is an enlarged picture (X 20,000) for the dark-grayed
part in (a).
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Fig. 8. The cracks occurred at the boundary between the
dendrite-shaped surface crystal and glassy matrix propagating
toward (a) crystal growth direction and (b) perpendicular to a
crystal growth direction.
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