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The crystallization behavior of glass made from coal bottom ash
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Abstract The glass-ceramics made from the mixture of coal bottom ash, produced from a thermal power plant mixed
with Na,O and Li,O was fabricated and their crystallization behavior was studied using a non-isothermal analyzing method.
The temperature for 50 % crystallization was higher than the exothermic peak temperature T, at DTA curve and the
quickest crystallization temperature was much the same as T, as identified from the relationships of crystallized fraction and
crystallization rate with temperature. By using Kissinger equatlon descrlbmg a crystallization behavior, the activation energy
(262 kJ/mol), the Avrami constant (1.7) and the frequency (5.7 x 10'%/s) for crystallization were calculated from which the
nepheline crystal could be expected as showing an 1~2-dimensional surface crystallization behavior mainly with some bulk
crystallization tendency at the same time. The actual observation of microstructure using SEM showed the considerable
amount of surface crystals of dendrite and the bulk crystals with low fraction, so the prediction by the Kissinger equation
was in accord with the crystallization behavior of glass-ceramics fabricated in this study.
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Table 1

Composition of calcined bottom ash and glass

SiO, ALO, Fe,O; P,0; 7Zr0O, TiO, K,0 MgO  CaO MnQO Na,0 Li,0
Calcined B/A* 58.6 23.9 10.4 0.1 04 1.7 0.6 1.0 2.8 0.1 03 0
Glass 46.9 19.2 8.3 0.1 03 1.5 0.5 0.8 2.3 0.1 10 10
*B/A = Coal bottom ash
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Table 2
Glass transition and crystallization temperatures for various
heating rate in DTA analysis

Heating rate (K/min) T, (K) T, K)
5 711 875
10 716 892
15 722 905
20 727 908
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Fig. 3. Crystallization volume fraction with temperature for the
exothermic peak in DTA curve at different heating rate.
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Fig. 4. Crystallization rate (dx/dt) with temperature for the
exothermic peak in DTA curve at different heating rate.
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Fig. 5. Kissinger plot for ln(oc/sz) vs. 1/T, x 107 at the crystalli-
zation temperature, T,.
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Table 3
Crystallization kinetics parameters calculated by Kissinger
equation

Crystallization kinetics parameter Nepheline crystal
E (activation energy) 262 kJ/mol

v (frequency factor) 5.7 x10"%s"

n (Avrami constant) 1.7

k (ata.=10) 0.4 K - min”
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Fig. 6. Ozawa plot for In(— in(1 — x)) vs. Inct.
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Fig. 7. The cut cross section for the glass-ceramics. (a) is a
surface crystal grown from the outside and (b) is a bulk crystal
developed in the interior part.
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