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The mechanism of black core formation
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Abstract The 10 mm diameter aggregates made of clay, carbon and Fe,O; were prepared to investigate the mechanism of
black core formation. The specific gravity, absorption rate, percent of black core area, fracture strength, total Fe analysis,
and XRF were measured at various compositions, sintering temperatures, sintering times, sintering atmospheres, and
sintering methods. Small addition of Fe,O; did not affect physical properties of the aggregates; however, the percent of
black core area increased with increasing carbon contents and increasing sintering temperature. Specific gravity of the
aggregates decreased and the water absorption ratio increased with increasing percent of black core area. The aggregates
sintered at oxidation atmosphere showed clear border between shell and black core area. Hence, the aggregates sintered at
reduction atmosphere showed only black core area in the cross-section of the aggregates. The specific gravity of the
aggregates sintered at reduction atmosphere increased with increasing carbon contents and that was the lowest of all
comparing other aggregates sintered at different atmospheres. Adsorption rate increased with increasing carbon contents at
all atmospheres. The fast sintered aggregates showed lower specific gravity, higher absorption rate, and more black core
area than the normally sintered aggregates. It was turned out that the aggregates having more black core area showed
higher fracture strength than that of aggregates with no black core area. From the total Fe analysis, the concentration of Fe
and FeO was higher at black core area than at shell. Because the concentration of Fe,O; in the shell was higher than other
area, the color of the shell appeared red. It was also turned out from the XRF analysis that carbon was exist only at black
core area.
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Fig. 1. Percent of black core area at various carbon contents,

(a) cross-sectional view of aggregates at various carbon con-

tents and sintering temperatures, (b) percent of black core area
vs. carbon contents.
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Fig. 2. Cross-sectional view of aggregates at various carbon
contents and sintering time.
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Fig. 3. Percent of black core area at various Fe,O; contents, (a)

cross-sectional view of aggregates at various Fe,O; contents and

sintering temperatures, (b) percent of black core area vs. Fe,O,
contents.
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Fig. 4. Cross-sectional view of aggregates with different firing
method of (a) normal sintering, (b) direct sintering.
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Fig. 5. Specific gravity and absorption rate at various carbon contents, (a) specific gravity vs. carbon contents, (b) absorption rate vs.
carbon contents.
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Fig. 6. Specific gravity and absorption rate at various Fe,O; contents, (a) specific gravity vs. Fe,O, contents, (b) absorption rate vs.
Fe,O; contents.
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