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Fig. 1 The composition of Fe impurities at different heights in industrial pure aluminum melt after rare earth pretreatment
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Fig. 2 The removal ratio of Fe impurities at different heights in
industrial pure aluminum melt after rare earth pretreatment
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Fig. 3 SEM microstructure and EDS analysis results of alloy phases in untreated industrial pure aluminum
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Fig. 4 SEM microstructure and EDS analysis results of alloy phases in 0.5% La-treated industrial pure aluminum
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Fig. 5 SEM microstructure and EDS analysis results of alloy phases in 0.5% Y-treated industrial pure aluminum
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Fig. 6 Statistical analysis results of RE/Fe atomic ratio
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The Influence and Mechanism Analysis of Rare Earth Pretreatment on Fe
Impurities in Pure Aluminum Melt

DOU Zhi-ang", LOU Yue’, WU Jian?, HU Chuan-bin?, LI Yong-chun? DU Jun*
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, Guangdong, China; 2.
Guangxi Guangtou High-Purity Aluminum Technology Co., Ltd., Hezhou 542899, Guangxi, China)

Abstract:

The effective removal of Fe impurities during aluminum purification remains significant challenges, as it
adversely affecting the further refinement of high-purity aluminum. This study systematically investigated
the effects of rare earth elements (La, Ce, Y, and Yb)addition on Fe impurities in industrial pure aluminum
melt, while comprehensively analyzing the influencing factors and underlying mechanisms. The results
demonstrated that rare earth alloying promotes the sedimentation of Fe impurities in pure aluminum, thereby
reducing their content. Notably, Y and Yb exhibited superior performance, achieving a maximum reduction
in Fe impurities of nearly 40%. The rare earth elements reacted with Fe to form Al-Fe-RE intermetallic
compounds. Based on the RE/Fe atomic ratio results, first-principles calculations were employed to determine
the stable structures of these compounds, identified as Al,;Fe,La,, Al;FeCe,, Al;;FeY,, and AlsFe,Ybh,.
Owing to their higher density than the aluminum melt, these compounds precipitate at the bottom of the
melt, effectively facilitating the removal of Fe impurities. Among these compounds, Al;FeY, and Al¢Fe,Yb,
exhibited more negative formation energies, indicating greater thermodynamic stability and easier formation,
which contributed to their enhanced efficiency in Fe impurity removal.
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Fe impurities; rare earth elements; pure aluminum melt; Al-Fe-RE intermetallic compounds; first-principles
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