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Microstructure, segregation and oxidation mechanism of AIVS5 alloy
prepared by aluminothermy
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Abstract: Using vanadium pentoxide and aluminum powder as raw materials, AIV55 vanadium-alu-
minum alloy was fabricated via the thermite reaction method. The macroscopic stratification, micro-
structure, elemental distribution and impurity behavior of the alloy ingot were systematically investig-
ated. The results show that distinct upper and lower stratification occurs in the alloy ingot after the
thermite reaction. The upper layer features loose microstructure, internal pores and alumina inclusions,
with low and highly fluctuating vanadium content. Meanwhile, the lower layer possesses dense micro-
structure, strong metallic luster, high and uniformly distributed vanadium content. Microscopically,
needle-shaped vanadium-aluminum solid solution is formed in the upper layer, while fishbone-shaped
vanadium-aluminum solid solution dominates the lower layer. Composition segregation is caused by the
coupled effect of diffusion rate difference and density disparity between vanadium and aluminum. The
vanadium content is approximately 51.76 wt% in the upper layer and 58.87 wt% in the lower layer. The
contents of impurities including oxygen, nitrogen, iron and silicon in the upper layer are remarkably
higher than those in the lower layer. Analysis on the oxide layers of the alloy indicates that the binding
energy (EB) of V 2p characteristic peaks varies with different colored oxide layers, and higher vana-
dium valence corresponds to larger binding energy. This study reveals the structural inhomogeneity and
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oxidation coloration mechanism of vanadium-aluminum alloys prepared by thermite reaction, and
provides a theoretical basis for process optimization and high-quality fabrication of vanadium-alumin-

um alloys.

Key words: thermite process; vanadium-aluminum alloy; composition segregation; impurity distribu-

tion; oxidation color
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Fig.2 Microstructure and energy spectrum analysis of AIV5S5 alloy
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Fig.3 Vanadium content and impurities distribution of AIVS5S5 alloy
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Fig. 4 Oxidation morphology, slag structure and phase characterization of V-Al alloy
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