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Effect of Al,O; on properties and crystallization kinetics of

calcium-silicon-magnesium glass-ceramics
DAI Wen-bin, MA Ming-sheng
( China ENFI Engineering Corporation, Beijing 100038, China)

Abstract; The metallurgical slag is modified and reduced to recover iron metal, and then directly prepared into
high-value building materials like glass-ceramics, which is one of the effective ways to realize high efficiency and
low carbon recycling of metallurgical slag. The slag after metal extraction is mainly the CaO —Si0, - MgO system
(CSM) , and it is usually necessary to supplement an appropriate amount of Al,O, to improve the related properties
of glass-ceramics. In this paper, by controlling the Al,O; content of the CSM ternary glass system, the effects of
corresponding parent glass on the flexural strength and crystallization kinetics of glass-ceramics were studied. The
results show that the flexural strength of glass-ceramics is mainly affected by the sintering shrinkage. When Al, O, is
15% , the flexural strength of glass-ceramics with anorthite as the main crystal phase reaches the maximum. With
the increase of Al,O, content, the T, and T, decrease, the T, and E, gradually increase, while the k(T,) and n val-
ue do not change significantly. It shows that the sintering resistance of glass is decreasing, but the crystallization re-
sistance is increasing. The original dominant crystal structure is affected while Al,O, >12% , with the anorthite
crystal phase appearing consequently. When the weight content of Al,0, is 15% , both the flexural strength and the
shrinkage rate reached the maximum, and dense microstructure as well as higher values of T, E, and k(T,) were
obtained. The research results show that with the increase of Al,O, content, the glass sintering resistance decreases
and the crystallization resistance increases.

Key words: Al,O,; metallurgical slag; glass-ceramics; flexural strength; sintering shrinkage; crystallization kinet-
ics; sintering resistance; crystallization resistance
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heavy metals and thallium in the effluent is all stable and in compliance with the discharge standards. This process
has been stably operated for two years, saving wastewater treatment cost by 5. 2 million CNY each year, the goal of
resource utilization and reduced discharge has been reached; it has also reduced the environmental risks and pro-
vided technical support for bio-environmental governance, and has larger application value.

Key words: heavy metal wastewater; lime-iron salt process; biologicals; stabilizer; thallium; advanced treatment;
resource utilization; reduced discharge
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1:10 g/mL, sodium chlorate being used as oxidizing agent at a dosage of 30% and the initial acid concentration be-
ing 3 mol/L., and reaction time lasting 4 h. Under such conditions, the relatively high leaching rate of Co, Cu and
Fe can be obtained, which are respectively as 95.47% , 96. 62% and 96.01% . A unreacted core model is used to
characterize the excellent imitative effect of the two-stage Cu-Co alloy leaching process, internal diffusion is the re-
striction factor of the reaction, the apparent activation energy during the leaching process is within the distribution
range of 5 ~20 kJ/mol. In the secondary leaching, the activation energy of Co and Cu is increased by 1. 721 kJ/
mol and 8. 888 kJ/mol respectively while that of Fe is decreased by 10. 186 kJ/mol.

Key words: copper-cobalt alloy; direct acid leaching; oxidizing acid leaching; Co leaching rate; Cu leaching

rate; Fe leaching rate; internal diffusion; activation energy



