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Refinement effect and mechanism of Mg-Al,C; master alloy in
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Abstract: The refinement effect of Mg-50%Al1,C; (mass fraction) master alloy on microstructures of AZ91D magnesium
alloy was studied using SEM, EDS and XRD, and so on. The results show that the grain size of a-Mg in AZ91D alloy is
apparently reduced after adding Mg-Al,C; master alloy. When the content of Al4C; is 1.0%, the average grain size of the
a-Mg grain decreases from about 142.9 pm of AZ91D base alloy to 63.5 um, the reduced extent is about 56%. Meanwhile,
the eutectic morphologies obviously change from the fully-divorced £ eutectic and lamellar o+f eutectic structure into
honeycomb o+f partially-divorced eutectic structure, and the size of f phase diminishes and tends to dispersed
distribution. Based on the analysis of EDS, DTA and calculation of the planar disregistry between Al,C; and Mg, Al,Cs
particles can act as the heterogeneous nucleus of primary a-Mg phase. In addition, the addition of Al,C; improves the
mechanical properties of AZ91D alloy obviously.
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Table 1 Gibbs free energy equations of Mg-Al-C trinary system
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Chemical reaction equation

Gibbs free energy equation

4AI(1)+3C(s)=ALCx(s)
Mg(D)+2C(s)=MgCy(s)

2Mg(1)+3C(s)=Mg,Cs(s)

AG? =—27.44T InT+43.99 X 10 °T*+18.77X 10°T "'=8.68 X 10 °T *+118.437-224 598.78 (1)
AG® ==53.22T InT+53.01 X 10°T?+10.31 X 10°T ~'-8.69 X 10™°T *+286.227-56 778.36 )

AG? =—38.41TInT+35.69 X 10°T*+6.05X 10°T ~'=5.8 X 10 °T *+234.177-75 223.09 3)
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Fig.1 XRD pattern(a) and SEM image(b) of Mg-Al,C; master alloy
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Fig.2 As-cast microstructures of AZ91D with different Al,C; contents: (a) 0% Al4Cs; (b) 0.1% Al4Cs; (¢) 0.3% Al4Cs; (d) 0.6% AlyCs;

(e) 1.0% ALCs; (f) 1.2% ALC,
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Fig.3 Morphologies of 8 phases with different Al4Cs contents: (a) 0% Al,Cs; (b) 0.1% AlCs; (¢) 0.3% AlyCs; (d) 0.6% AlLCs;

(e) 1.0% ALC; (f) 1.2% ALCs
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Fig.4  Microstructure of dendritic of AZ91D alloy with
1.0% ALCs
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Table 2 Effects of Al,C; contents on average grain size, area

and mechanical properties of AZ91D alloy

ALC Aver?ge Avergge
content/%s  Sréin grain , o/MPa  6/% HB
size/um  area/pm
0 142.9 3575 173.0 1.0 565
0.1 111.6 3040 199.4 1.1 718
0.3 92.5 2 689 210.5 1.2 749
0.6 85.1 2420 220.2 1.3 799
1.0 63.2 1396 220.1 1.4 804
1.2 86.1 2163 221.9 1.3 782
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Fig.5 SEM image of AZ91D Mg alloy with 0.1%Al,C; (a)
and EDS spectrum of nucleation substrate of a-Mg phase(b)
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Table 3 Calculation values of planar mismatch J phase

between Mg and Al,C;

Matching interface  [hkl] Mg [hkl] ALCs 0/(°) Sl !%

[2110] [2110] 0
(0001),,, //(0001) .. [1100] [1100] 0 3.79
[1210] [1210] O

[001] [1010] 0
(1010),,, //(0001),, . [011] 1.630  20.03
[010] [1210] 0
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[011] [011] 2.094 3.35
[010] [010] 0
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Fig.6 DTA curves of AZ91D alloys without Al,C; (a) and
with 1.0% Al,C; (b)
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Table 4  Analysis results of DTA curves

AG e g agC AGC tmin
content/%
0 6401 6372 6240 29 1.6
10 6408 6389 6319 19 1.9
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