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Effect of complex carbon inoculants on grain refinement of
AZ91D magnesium alloys

LU Min-min, LI Ke, WU Shang-min, ZHOU Nai-gen, ZENG Xiao-shu

(School of Mechanical and Electrical Engineering, Nanchang University, Nanchang 330031, China)

Abstract: The effects of complex inoculants on the as-cast and solid-solution state microstructure of AZ91D magnesium
alloy and the grain refinement mechanism were investigated by OM, SEM, EDS and XRD. The results show that the
grain size of AZ91D magnesium alloy decreases effectively after the complex carbon inoculants are added. The best
refinement result can be achieved when the mass ratio of MgCO;, C,Clgand SiC is set as 3:1:1. On one hand, the amount
of AlC; particles induced by carbon-containing compound including MgCO; and C,Clg can directly serve as the
heterogeneous nucleus of primary a-Mg phase. On the other hand, some of the fine Al4C; and SiC particles are pushed by
solid—liquid interface between a-Mg phases and the melt, and distribute along the crystal boundary, so as to impede the
growth of a-Mg grains, and the a-Mg grains are greatly refined finally.
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Table 1 Chemical composition of AZ91D Mg alloy (mass
fraction, %)

Al Zn Mn Fe Si
8.520 0.939 0.260 0.002 0.005
Cu Ni Ca Mg

0.003 0.0016 0.04 Bal.
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Table 2 Chemical composition of AZ91D Mg alloys with

different compound inoculants

Mass fraction/%

Sample No.
MgCO; C,Clg SiC AZ91D
1 0 0 0 100
2 0.75 0.25 0 99
3 0.60 0.20 0.20 99
4 0.50 0.17 0.33 99
5 0.43 0.14 0.43 99
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Fig. 1 As-cast microstructures of different
AZ91D Mg alloy samples: (a) Sample 1;
(b) Sample 2; (c) Sample 3; (d) Sample 4;
(e) Sample 5
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Fig. 2 Solid-solution microstructures of
different AZ9ID Mg alloy samples:
(a) Sample 1; (b) Sample 2; (¢) Sample 3;
(d) Sample 4; (e) Sample 5
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Fig. 3 Grain sizes of different AZ91D Mg alloy samples
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Fig. 4 Victor hardnesses of different AZ91D Mg alloy

samples
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Fig. 5 XRD pattern of AZ91D Mg alloys sample 3
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Table 3 Standard Gibbs free energy of different chemical

reactions

Chemical reaction AG]C? /(Jmol ")

C,Clg==2C+3Cl,t —134223+282.712T

3C+HAI=ALC; ~207275+25.88T
Cly*Mg=MgCl, ~641407+166.146T
MgCO;=MgO+CO,1 116943-174.724T
CO,+2Mg=C+2MgO ~808977+219.367T
3SiC+4Al=Al,Cy+3Si 12385-2.03T

2Si+Mg—Mg,Si ~79496+3.389T
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Fig. 6 Back scatter electron image of as-cast microstructure of AZ91D alloy(a) and map scanning of elements Mg(b), Al(c), Si(d),

C(e), O(h)
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