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Crystallization Process of Slags from Municipal Waste Ash
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Differential thermal analyses (DTA) of six slags of different added-CaO content fabricated
from municipal waste ash were performed with various heating rates. An endothermic peak caused
by glass transition and two exothermic peaks caused by crystallizations were observed for four
specimens of low CaO-content. With decreasing the heating rate, the two peaks were superposed
on each other. On the other hand, only one crystallization peak was observed for two specimens
of high CaO-content. In order to estimate the activation energies of the crystallizations, a modified
Kissinger equation was defined by use of the first peak in the derivative of the DTA curve.
The obtained activation energies were correlated with basicities of the specimens defined by
the JIS, ASTM and Ca/Si. The phases of thoroughly crystallized specimens were identified by
X-ray powder diffractometry. Pseudowollastnite, anorthite and albite were main crystalline phases
for four specimens of low CaO-content, while gehlenite was only phase for two specimens of
high CaO-content. These phases could be explained by the SiO,-Al,03-Ca0 ternary phase diagram.
Through the analysis of the four partially crystallized low CaO-content specimens, it was found
that the phase crystallized initially in the two lower CaO-content specimens was pseudowol lastonite,
and that of the two higher CaO-content specimens was gehlenite.
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Table 1 Elemental Analysis of Slags from Municipal
Waste Ash (mass%).

Ssr(?_pl e SiO; CaO AlOz2 MgO NaOy2 KOi2 FeO
1 49.01 1548 1742 235 499 198 244
2 48.24 1995 1555 214 404 143 0.86
3 41.57 2212 1568 224 256 088 4.53
4 39.71 2825 19.40 237 404 107 035
5 3423 2941 1721 358 229 075 1.00
6 3179 36.92 1837 338 162 012 1.58

Table 2 Various Basicities of Slags from Municipal

Waste Ash.
Ca/Si Js ASTM
Sample No. basicity basicity basicity
1 0.316 0.619 0.421
2 0.416 0.699 0.508
3 0.532 0.963 0.569
4 0.711 1.139 0.795
5 0.859 1.467 0.847
6 1.161 1.743 1.236
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Fig.1 X-ray powder diffraction patterns of low-basicity
waste slags (1-4).
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Fig.2 X-ray powder diffraction patterns of high-basicity

waste slags (5, 6).
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Fig.3 X-ray powder diffraction patterns of thoroughly
crystallized waste slags.
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Fig.4 DTA curves of sample 4. (Heating rates: 20,
10, 5, 2 and 1 Kmino1)
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0000000 TOOO0OO0000000n0nononooo Fig.5 Modified Kissinger plots for the waste slags.
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Fig.6 Relation between the activation energy and basicities. The data are plotted with taking (a) JIS basicity, (b)
ASTM basicity and (c) Ca/Si as abscissas. Error bars represent the standard deviations.
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Fig.7 X-ray powder diffraction patterns of partially
crystallized low-basicity waste slags (1-4).
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