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Effect of cooling rate on non-equilibrium
solidified microstructure of AZ91D magnesium alloy
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(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Non-equilibrium solidified specimens of AZ91D magnesium alloy were fabricated by copper mould casting
and melt-spinning techniques, separately. The corresponding cooling rates were calculated by numerical simulation
ProCAST software and theoretical equation. Using optical microscopy, scanning electron microscopy, energy dispersive
spectrum, X-ray diffractometry and differential thermal analyzer, the effects of the cooling rate on the non-equilibrium
solidified microstructures were investigated. The results show that the morphology of primary phase changes from coarse
dendrite to fine equiaxed grain with increasing cooling rate, as indicated by the significant reduction of grain size from
800 pum under as-cast condition to within 5 um for rapid solidification. Moreover, the distribution of eutectic phase varies
from continuous network to discontinuous dispersion and its volume fraction decreases gradually. Single-phase solid
solution structure can be fabricated by melt-spinning method. Both the distribution of Mg and Al elements in rapid
solidified alloy are homogeneous without the occurrence of solute segregation.
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Table 1 Technological parameters for non-equilibrium solidified magnesium alloys via copper mould casting and melt-spinning

method

Cooling method

Casting temperature/ C ~ Spraying pressure/MPa

Copper mould diameter/mm  Roller speed/(r-min ")

Copper mould casting 650 0.02

Melt-spinning 650 0.02
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Fig. 1 Numerical simulation of temperature field for copper

N

mould casting process of AZ91D magnesium alloy: (a)
Geometry model; (b) Cooling curve at center position of

sample
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Table 2  Parameters for calculation of cooling rate in

melt-spinning experiment

h/ c/ p/
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Fig. 2 Optical micrographs of AZ91D magnesium alloy under
different cooling conditions: (a) As-cast; (b) Copper mould

casting; (c) Melt-spinning
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Fig. 3 SEM images and EDS spectra of AZ91D magnesium alloy: (a) As-cast; (b) Copper mould casting
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Fig. 4 SEM image and EDS spectra of AZ91D magnesium alloy fabricated by melt-spinning method
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Fig. 5 XRD patterns of AZ91D magnesium alloy under

different cooling conditions
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