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Experimental Study on Direct Nitridation of Aluminum Ash
for Nitrogen Enrichment
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Abstract; A stockpile of hazardous waste aluminum ash generated during aluminum smelting has posed serious
environmental pollution risks. In order to solve this, a novel approach is proposed, in which the nitrogen-enriched
aluminum ash is used in the steelmaking process to promote microalloying with vanadium and nitrogen. Aluminum ash is
heated and stir-fried in a nitrogen atmosphere, resulting in its reaction with nitrogen gas, thereby increasing the nitrogen
level therein. The effects of reaction temperature, aluminum content and particle size on the nitrogen enrichment of
aluminum ash were investigated, and the nitrogen-enriched aluminum ash was characterized by XRD and SEM-EDS. The
results show that under the suitable conditions for nitrogen enrichment, including reaction temperature of 880 °C , initial
aluminum content of 45% (aluminum powder) , and nitrogen flow rate at 4 I/min, the nitrogen content in the aluminum
ash can be improved from 1.18% to 11.90%. During this process, metallic aluminum in the ash reacts with nitrogen gas
to form AIN on the surface of alumina particles.
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Fig.2 SEM images and EDS analysis of aluminum ash
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Fig.3 Effect of temperature on nitrogen content in

nitrogen-enriched aluminum ash
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Fig.4 Effect of temperature on recovery and content of

metallic aluminum after N enrichment
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Fig.5 Comparison of XRD patterns of aluminum ash

before and after N enrichment
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Fig.7 SEM images and EDS analysis of aluminum ash

after N enrichment at 880 °C
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Fig.6  SEM images and EDS analysis of aluminum ash

after N enrichment at 700 °C
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Fig.8 Effect of different aluminum content on

N enrichment of aluminum ash
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Fig.9 XRD patterns of aluminum ash with different

aluminum contents after N enrichment
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Fig. 10 SEM images and EDS analysis of aluminum ash (20%Al)

after N enrichment
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Fig. 11 SEM images and EDS analysis of aluminum ash (60%Al)

after N enrichment
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Fig. 12 XRD patterns of aluminum ash with different

aluminum particle sizes after N enrichment
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Fig. 13 SEM images and EDS analysis of aluminum ash
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