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Microstructure evolution of spray-formed Mg-9Al-xZn alloys
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Abstract: The billets of AZ91, AZ92 and AZ93 magnesium alloys were synthesized by the spray-forming (SF)
processing. The microstructure evolution of the alloys was observed. The microstructure analysis shows that the
microstructure of the conventional as-cast AZ91 alloy consists of coarse grains, and the brittle f-Mg;Al;, phases
distribute along the grain boundaries continuously to form network. The grains of the as-sprayed AZ91, AZ92 and AZ93
alloy are homogeneous and refined, and the networks of brittle f-Mg;;Al;, phases are broken. The rapid solidification
process under a higher supercooling condition can remarkably increase the forming of supersaturated microstructure of
o-Mg, which results in the absence of macrosegregation and the improvement of precipitated phase shape. The solution
limitation of Al in Mg decreases with increasing addition of Zn. The high content of Zn accelerates the precipitation of
[-Mg,;Al}; phases along the grain boundary and formation of a-Mg+5-Mg;;Al,, divorce eutectic structure. The grain
growth is limited because the segregation tendentiousness of Zn offers drive force for activation of nucleation sites in the
component undercooling area.
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Table 1 Chemical composition of magnesium alloy selected for study (mass fraction, %)

Alloy Al Zn Mn Fe Ni Cu Si Others Mg
AZ91 8.9 0.86 0.39 0.05(Max)  0.005(Max)  0.05(Max)  0.10(Max)  0.03(Max) Bal.
AZ92 8.9 1.80 0.39 0.05(Max)  0.005(Max) 0.05(Max)  0.10(Max)  0.03(Max) Bal.
AZ93 8.9 3.10 0.39 0.05(Max)  0.005(Max) 0.05(Max)  0.10(Max)  0.03(Max) Bal.
*: Max is the highest content.
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Fig.1 Photograph of spray formed magnesium alloy billet(a) and sampling position for microstructure analysis(b)
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Fig.2 XRD patterns of each magnesium alloys: (a) As-cast AZ91; (b) As-sprayed AZ91; (c) As-sprayed AZ92; (d) As-sprayed AZ93



1192 T EA G R AR

2009 47 H

3 B EmeAAL

Fig.3 Optical micrographs of each magnesium alloys: (a) As-cast AZ91; (b) As-sprayed AZ91; (c) As-sprayed AZ92; (d) As-

sprayed AZ93
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Table 2 EDS energy dispersion analyzing results of phase composition for as-cast and as-sprayed alloys (mole fraction, %)
As-cast alloy As-sprayed alloy
Element AZ91 AZ91 AZ92 AZ93
a-Mg  B-MgAlp, a-Mg B-Mgi;Al a-Mg B-Mg;AlL, a-Mg B-Mg;Alp

Mg 96.56 89.91 91.17 90.53 92.50 78.39 90.88 64.98

Al 3.30 10.04 8.57 9.15 7.57 19.32 7.47 29.35

Zn 0.14 0.06 0.26 0.31 1.03 2.49 1.65 5.57
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P A
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Fig.4 SEM micrographs of AZ91 magnesium alloys: (a) As-
cast; (b) As-sprayed
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Fig.5 Dark field TEM image of as-sprayed AZ91 alloy
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Fig.6 SEM micrographs of as-sprayed magnesium alloys:
(a) AZ92; (b) AZ93
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Fig.7 TEM bright image(a) and SAD pattern(b) of as-sprayed AZ92 alloy
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Fig.8 SEI back scattered electron image and EDS spectrums
of Al and Zn in as-sprayed AZ93 alloy: (a) SEI back scattered
electron image; (b) Profile of Al; (c) Profile of Zn
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Table 3 GRF value for various alloying elements in

magnesium
Element m; k; my(k—1) System
Zr 6.90 6.55 38.29 Peritectic
Ca —12.67 0.06 11.94 Eutectic
Si —9.25 =0.00 9.25 Eutectic
Zn —6.04 0.12 5.31 Eutectic
Al —6.87 0.37 432 Eutectic
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