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Table1l Composition of the matrix magnesium alloy (/%)

Al Zn Mn Si Fe Cu Mg

3.156 1.098 0.385 0.167 0.029 0.014 Bal.
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Table 2 Might existing second phases in the alloy

Species AlCe Al,Ce Al;Ce Al,Ce Al Ces MgCe Mg.Ce MgsCe Mgi2Ce  Mgi7Al, - AlyCe;Mny
Structure  pm3m  Fd3m  P63/mmc  14/mmm  Immm Pm3m Fd3m Fm3m 14/mmm 143m Cm
Space No. 221 227 194 139 71 221 227 225 139 217 8
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Fig.1 Crystal structures of the might existing second phases in the alloy
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Table 3 Energy of atoms in ground state and pure element solid

Species Mg atom Al atom Ce atom Mn atom Mg Solid Al Solid Ce Solid Mn solid
Exatom OF Esolig/eV -52.670 -972.494  -1058.339  —645.169 ~56.404 -973.949  -1061.349  -650.516
Erer/eV -52.738° -972.226° ~1058.349" -56.420° —973.996° ~1064.147° -

Note: ® -Ref. [49]; " -Ref. [58]; © -Ref. [52]
x4 WHEIHEBEEERESERE
Table 4 Econ and AH of the might existing second phases

Species AlCe Al,Ce Al;Ce Al,Ce Al;Ces MgCe Mg.Ce MgsCe Mg;2Ce Mgi7Al, - AleCezMny
AH/eV -0.333 —0.488 —-0.407 -0.316 —0.365 —0.007 0.686 —0.085 —0.069 —0.064 -0.762
Eret/eV  -0.337° -0462° -0424° -0302° -0.359° -0010° 1311" -0.080° -0.061" —0.053° -
Econ/eV -3.704 -3.981 —-3.960 —3.906 -3.944 —2.239 —1.287 -1.928 —1.643 —2.462 —4.641
Erer/eV - - - - - -3.059° -1.288" 2453 - —2.385" -

Note:  -Ref. [49]; * -Ref. [58]; ¢ -Ref. [52];  -Ref. [47]; " -Ref. [57]
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Fig.5 Morphologies and EDS results of intermediate phases formed by alloying elements: (a) Mg-Al, (b) Mg-Al-Zn, (c) Al-Mn, and (d) Al-Ce
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Fig.16 Crystallographic matching relationship of a-Mg with AlisCe;Mn7: (a) schematic diagram of three sets of low-index planes; orientation

relationships between (0001) plane of o-Mg and (010) plane (b), (101) plane (c), and (502) plane (d) of Al;Ce,Mny;
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Strengthening Mechanism of Rare Earth Ce on Magnesium Alloy Based on
First-Principle Calculations

Chen Yanfei, Zhu Zhenggiang, Wang Guangxin
(School of Advanced Manufacturing, Nanchang University, Nanchang 330031, China)

Abstract: Since the commercial application of rare earth magnesium alloys is increasing gradually, there are considerable advantages to prepare
lower cost and higher performance magnesium alloys with a high abundance rare earth (RE) elements. However, the addition of RE elements
completely changes the alloying order of the matrix magnesium alloy. Therefore, further study the strengthening mechanism of Ce element on
magnesium alloy is required. In this work, thermodynamic stability of the may existing Mg-Ce, Al-Ce and Mg-Al phases were analyzed based on
first-principles calculations, and the results were examined through SEM, XRD, EDS and other experimental methods. Moreover, the
compositions and precipitation sequence of the key RE phases were deduced as consequence. Then, whether the preferentially precipitated second
phase can be the nucleating core of primary a-Mg was discussed based on the mismatch theory, and the modification mechanism of Ce on
magnesium alloy was revealed as result. On the other hand, the complex alloying problem in multi-component magnesium alloy system was
simplified with the aid of electronegativity theory, which was associated with the alloying reactions at different temperature stages based on Al-Ce,
Mg-Al binary phase diagrams and Al-Ce-Mn ternary phase diagrams. Accordingly, the strengthening mechanism of the Ce addition on magnesium
alloys was clarified with the temperature as a dimension. The results of this work show that large numbers of needle-like Al;1Ce; phase or rod-like
Al ,Ce,Mn; phases would form preferentially and distribute along the grain boundaries or through grains after the adding of Ce element. However,
the preferentially precipitated Aly;Ces and Al oCe,Mn; phases cannot be the nucleating core of primary a-Mg, which means the grain refinement
mechanism is that the second phase at grain boundary prevents the growth of magnesium grain. Besides, the tensile test results show that the
formation of an appropriate amount of Al-Ce phase and Mg-Al phase reinforced hybrid structure is beneficial to improve the ambient temperature
and high-temperature mechanical properties of magnesium alloys, which could achieve by adjusting the amount of Ce element added.

Key words: rare earth; magnesium alloy; cerium; strength mechanism; first principles
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