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Effects of Pre-oxidation Temperature on Microstructure and Properties of
Nano SiC Particle Reinforced Magnesium Matrix Composites

ZHANG Chuan-liang, LI Hong-wei, LI Zeng-quan

(School of Mechanical and Electrical Engineering, Henan Quality Institute, Henan Pingdingshan 467000, China)

ABSTRACT: The work aims to study the effects of pre-oxidation treatment on microstructure and mechanical properties of
nano SiC particle reinforced SiCp/AS81 (Mg-8Al-Sn) composites, and to analyze its action mechanism, and finally obtain an
appropriate pre-oxidation temperature for SiC. Nanometer SiC particle reinforced SiCp/AS81 (Mg-8Al-Sn) composites were
prepared through the powder metallurgy method. The phases of SiC particles, AS81, and 0.50%-SiCp/AS81 composites after
pre-oxidation treatment at different temperature were analyzed, their microstructures were observed, and relevant mechanical

properties were tested. The results showed that the SiC particles were passivated gradually after pre-oxidation treatment at dif-
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ferent temperature. When the pre-oxidation temperature reached 785 °C or above, the SiC outer layer was gradually coated by

SiO, and was completely coated at 985 C; The phase compositions of AS81 composites and 0.5%-SiC,/AS81 composites pre-

treated at different temperature were mainly Mg and Mg,;Al,,, and the Si elements in 0.5%-SiC,/AS81 composites pretreated at

785 °C or above were evenly distributed; the hardness, yield strength, tensile strength and elongation of 0.5%-SiC,/AS81 com-

posites were higher than those of AS81 composites. With the increase of the pre-oxidation temperature, the microhardness, ten-

sile strength and yield strength of 0.5%-SiC,/AS81 composites first increased and then decreased, and reached the maximum

when the pre-oxidation temperature was 885 ‘C. When the pre-oxidation temperature is 885 ‘C, the interfacial adhesion with
ASB81 of SiO, coated with SiC particles can be enhanced, which helps to improve the strength and plasticity of 0.5%-SiC,/AS81

composites. The appropriate pre-oxidation temperature for 0.5%-SiCp/AS81 composites is 885 C.
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Tab.1 Main parameters of raw materials for test
Raw Particle size/ Purity/ Density/
materials pm wt.% (g-em™)

Mg powder 25-250 99.94 1.74

Al powder 5-20 99.87 2.70

Sn powder 18-55 99.90 5.74

SiC particle  0.012-0.068 99.85 3.22

SiC

285 ‘C/15 min + 585 C/15 min

685 785 885 985 °TC

AS81
SiC+AS81
0.5% 8 1
140 r/min
99.9%
0.6%
68 MPa 5 min
475 C/1 h
110 MPa 15 min
430 'C/3h
1.5 h 10 1
3Cr2W8V
SiC
0.5%—SiC,/AS81 SiC
1.3 Wik A%
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Cu Ka
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Fig.2 SEM morphology of Mg powder, Al powder, Sn powder, TEM morphology and selected area electron diffraction pattern of

SiC powder: a) SEM morphology of Mg powder; b) SEM morphology of Al powder; ¢c) SEM morphology of Sn powder; d) TEM
morphology of SiC powder; e) selected area electron diffraction pattern of SiC powder
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Fig.3 TEM morphology of SiC powder after pre-oxidation treatment at different temperature: a) not pre-oxidized;
b) 685 C;c) 785 C; d) 885 C; e) 985 C
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Fig.4 Selected area electron diffraction pattern of SiC powder after pre-oxidation treatment at different temperature:
a) not pre-oxidized; b) 685 C; ¢) 785 "C; d) 885 'C; e) 985 C
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Fig.6 Surface scanning analysis of Si elements in 0.5%-SiC/AS81 composites after pre-oxidation treatment at different tempera-
ture: a) untreated; b) 685 C; ¢) 785 'C; d) 885 'C; e) 985 'C
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Fig.7 XRD patterns of AS81 composites and
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Tab.2 Microhardness of AS81 composites and pre-oxidized
0.5%-SiC,/AS81 composites
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Materials  AS81 Nt pre-

L 685 C 785°C 885°C 985°C
oxidized

Microhard-

ness (HV) 127 135 138 144 148 141

450
400}

(5]

W

=]
T

N W
[ ]
==

AR X
@@®@E © ®

[y}
[=)
=

Engineering stress/MPa
@
=)

—
[
(=

50

0 1 2 3 4 5 6 7 8 9 10 11
Engineering strain/%

Note: (a) AS81 composite(not pre-oxidized); (b) 0.5%-SiC,/AS81
composite (not pre-oxidized); (c) 0.5%-SiC,/AS81 composite
(685 C); (d) 0.5%-SiC,/AS81 composite (785 C); (e) 0.5%-SiC,/
AS81 composite (885 C); (f) 0.5%-SiC,/AS81 composite (985 C)
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Tab.3 Room temperature tensile properties of AS81 composites and pre-oxidized 0.5%-SiC,/AS81 composites
. 0.5%-SiC,/AS81
Materials AS81

Not pre-oxidized 685 C 785 C 885 C 985 C

Yield strength/MPa 179 216 217 248 266 212
Tensile strength/MPa 322 375 380 394 404 373
Elongation/% 5.4 9.9 7.8 6.9 7.1
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Fig.9 Tensile fracture morphologies of AS81 composites and 0.5%-SiC,/AS81 composites: a) AS81 composite (not pre-oxidized);
b) 0.5%-SiCp/AS81 composites (not pre-oxidized); ¢) 0.5%-SiCp/AS81 composites (885 C)
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