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Fig. 1 Optical microstructures of AZ91 alloy fabricated by
different conditions: (a) As-cast AZ91; (b) As-cast AZ91+2%
nano SiC; (c) Spray cast AZ91+2% nano SiC
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Fig.2 SEM images and element distributions of spray cast AZ91+2% nano SiC alloy: (a) SEM image; (b) Al; (c) Si; (d) Mg
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Element  w/%
Mg C 18.68 32.54
Mg 52.05 44.79
Al 28.05 21.75
Al Si 122 091
lCA Si, X ; . . :
1 2 3 4 5 6 7 8
Energy/keV

B3 HIEmEE AZ91+2%40K SiC & 44 320 °C. 2 h iR AL H 5 (¥ i 41
Fig. 3 Microstructures of spray cast AZ91+2% nano SiC alloy after being annealed at 320 ‘C for 2 h: (a) OM image; (b) SEM

image; (C) SEM image and EDS spectra of enlarged microstructure

B4 45 AZ912%40K SiC & 44

EDS spectra
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//\

370 'C 2 h SR ARTL S A G AL 20
Fig. 4 Microstructures of spray cast AZ91+2% nano SiC alloy after being annealed at 370 C for 2 h: (a) OM; (b) SEM image and
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Element  w/% x/%
C 29.63  44.15

o 19.80 22.15
Mg 27.00 19.88
Al 5.43 3.60

Si 14.00 892
Mn 323 1.05
Zn 0.90 0.25

. Mn

2 4 6
Energy/keV

Element  w/% x/%
C 6.26 11.71

0 474  6.66
Mg 8129 7521
Al 724  6.04
Si 047 038

2 4 6
Energy/keV

B 5 MBS AZI1+H2%40K SiC A4:4 400 'C. 2 h G ALHE 5 B M
Fig. 5 Microstructures of spray cast AZ91+2% nano SiC alloy after being annealed at 400 ‘C for 2 h: (a) OM image; (b) SEM

image and EDS spectra

[ *— a-Mg
o v— Mg,Al,
o )l e ° ° ° .o ®
Spray cast alloy

Spray cast alloy after 400 ‘C, 2 h

20 30 40 5‘0 60 70 80
26/(°)
Bl 6 A AZI1+2%4HK SiC &4 S HL 400 C\ 2 h [AlVEAL
H 5 ¥ XRD 1
Fig. 6 XRD patterns of rapidly cooled AZ91+2% nano SiC
alloy after being annealed with 400 C for 2 h
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Annealing temperature, 7/°C
B 7 AEEREE NI AZIN2%90K SiC & & IR
Jorih AL AR R 7 B
Fig. 7 Micro-hardness and volume fraction of eutectic phase
at grain boundary in spray cast AZ91+2% nano SiC alloy at

different heat treatment temperatures
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B8  AFECRIR N ) R AZ91 42 400 CERAL
HE 2 R 2
Fig. 8 Optical microstructures of AZ91 alloy after being

annealed at 400 ‘C for different holding time: (a) 2 h; (b) 4 h;
(c)8h
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SiC I, AKX 2 A 2 R AR E 1 A0 T ek
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Fig. 9 Optical microstructures of AZ91+2% nano SiC alloy
after being annealed at 400 ‘C for different holding time:
(a)4h;(b)8h
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Effect of annealing temperature on solid solution microstructure of
rapidly cooled magnesium alloy containing nano SiC particles

ZHANG Li-pan, YANG Wei, LIU Liang, YU Huan

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: With the combination of copper mould spray casting and isothermal heat treatment, rapidly cooled magnesium
alloy with fine grain microstructure was prepared by adding nano SiC. The effects of annealing temperature on solid
solution transition and high temperature grain growth behavior were elucidated. The results show that both the increase of
cooling rate and the addition of SiC promote duplex refinement of magnesium alloy, which is beneficial to the formation
of fine petal-like structure. After isothermal treatment at 320, 370 and 400 ‘C for 2 h, a transition from insufficient solid
solution to complete solid solution occurs, accompanied by the reduction of solute segregation. The disappearance of
f-Mg;Al}; in grain boundary generates the formation of polygon equiaxed grain structure. Due to the excellent inhibition
effect of nano SiC on grain boundary migration, the grain growth at high temperature is effectively suppressed. The
average grain size of rapidly cooled alloy after solid solution at 400 “C for 8 h is merely 13 um, and the thermal stability
of fine grain microstructure is greatly improved.

Key words: magnesium alloy; non-equilibrium solidification; solid solution treatment; microstructure refinement; grain

growth
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