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Effect of rare earth 0.5% addition on
semi-solid microstructural evolution of AZ91D alloy
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Abstract: The size, shape and distribution of solid phase particle in semi-solid slurry lie mainly on the formation and
evolution of liquid phase during remelting of the alloy. As-cast microstructure of AZ91D alloy was improved with rare
carth (RE) 0.5% addition. The microstructural evolution was studied during semi-solid isothermal treatment, and the
mechanism of fabrication and controlling of non-dendritic microstructure was discussed. The results indicate that the
transformation from the primary phase to spheroid particle is accelerated, and the fine and symmetrical spheroid grains
are gained by rare earth (RE) alloying during semi-solid isothermal treatment of magnesium alloy AZ91D. It is proposed
that the microstructure in specimen is in dynamic equilibrium state of melting and crystallizing during semi-solid
isothermal treatment. The high solute concentration area at dendrite root of the as-cast alloy, or the temperature/
composition fluctuations is the internal or external conditions of liquid formation in solid particle.
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Fig.1 As-cast microstructures of AZ91D magnesium alloy:
(a) AZ91D; (b) AZ91D+0.5%RE
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Fig.2 EDX analysis results of AZ91D (a) and AZ91D+ 0.5%RE (b) alloys
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Fig.3 Microstructure evolution of AZ91D

alloy after heat treatment at semi-solid
temperature: (a) 560°C, 0 min; (b) 570°C,

0 min; (c) 570°C, 30 min; (d) 570°C, 60
min; (d) 570 ‘C, 90 min
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Fig.4 Formation of liquid inside solid particle
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Fig.5 BSE image(a) and map analysis(b, ¢) of liquid phase on
primary grain boundary and inside solid particle by EPMA
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Table 1  Analysis results of some points in semi-solid microstructure of AZ91D+0.5% RE alloy by WDS
Probe scanning point Mg Al Zn Mn Ce, La Others Sum
Inside solid particle 87.470 8.637 1.033 0.396 0.290 2.174 100
Liquid pool 66.082 24.381 1.199 0.694 0.585 7.059 100
Grain boundary 65.040 25.120 1.262 0.706 0.670 7.202 100
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