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Ignition-proof mechanics of surface film of Mg-Y-Ce alloy system
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Abstract: By adding Y and Ce high ignition-point temperature was realized in Mg-Y-Ce magnesium alloy, which can be
melted in air without any protection. All the alloys, i.e., Mg-Y and Mg-Y-Ce alloys were prepared by adding commercial
purity Mg (99.9%, mass fraction), Mg-25%Y (mass fraction) master alloy and pure Ce (99.5%, mass fraction) in a steel
crucible under a cover gas mixture of CO, and 0.5%SFs. AES (PHI550 ESCA/SAM) and XRD (X’Pert Pro MPD)
analysis of the oxide scale reveals that, when the ignition-proof Mg-3Y-45Ce alloy is exposed in air at high temperature
the oxidation film includes two layers. The outer layer consists of Y,0;, and the inner layer consists of Mg and MgO with
a little Y and Ce. Based on the analysis of the high temperature oxidation thermodynamics, the model of the selective
oxidation for Mg-Y alloys at high temperature was established, and the critical content of Y for the selective oxidation of
Mg-Y alloys was obtained to be about 7% (mass fraction). The third element effect of Ce in the selective oxidation of
Mg-Y alloys was analyzed. Ce plays a role of “getter” which inhibits the diffusion of O to internal alloy, so as to inhibit
the inner oxidation of Y.
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Table 1 Ignition points of magnesium alloys with different compositions

Alloy (mass fraction, %) Mg Mg0.4Y MglY MgdY Mg7Y MgoY
Ignition point/K 888 933 916 933 938 1098

Alloy (mass fraction, %) Mgl0.6Y MglCe Mg3Ce Mg5Ce Mg8.8Ce Mgl1Ce
Ignition point/K No ignition 909 903 920 909 920

Alloy (mass fraction, %) Mgl13Ce Mg2.8Y1.7Ce  Mg3Y2.5Ce Mg3.4Y2.2Ce Mg3Y4.5Ce Mg3Y0.7Ce
Ignition point/K 913 953 973 1138 No ignition No ignition
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Fig.1 Morphologies of oxidation surface (a) and cross-sectional
(b) of Mg-2.9Y-4.5Ce alloy oxidized at 1 173 K for 0.5 h
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Table 2 EDS results of compositions of appointed areas in
Fig.1

Point No. x(0)/% xMg)/%  x(Y)%  x(Ce)/%
1 57.66 10.51 31.17 0.66
2 10.49 86.81 2.60 0.10
3 26.71 67.31 0.77 5.21
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Fig.2 XRD pattern of oxide film formed on Mg-3Y-4.5Ce
alloys oxidized at 1 173 K for 0.5 h in air
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Fig.3 AES surface analysis of oxide films on Mg-3Y-4.5Ce
alloy formed at 1 173 K for 0.5 h
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Fig.4 Schematic diagram of oxidation process for Mg-Y alloy: (a) Original oxidation; (b) Inner oxidation; (c) Selective oxidation;

(d) Disastrous oxidation
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