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Effect of Nano SiC on Microstructure and Properties
of AZ91D Magnesium Alloy
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( 1. School of Material Science and Engineering Harbin University of Science and Technology Harbin 150040 China;
2. Harbin Solid State Electronics Co. Ltd. Harbin 150040 China)

Abstract: In order to study the effect of different SiC content on the microstructure and properties of AZ91D
alloy the effects of SiC_ on the as-cast microstructure and mechanical properties of AZ91D magnesium alloy were
investigated by means of metallographic microscope scanning electron microscopy and X-ray diffraction analysis.
The average grain size and area of the composites were determined. The results show that in this experiment the
higher the content of SiCp the smaller the size of the crystal grains. Adding proper amount of SiC can improve the
microstructure of AZ91D magnesium alloy and improve its mechanical properties. In this experiment when the
SiC,, content is 0. 5% the grain refining effect of the AZ91D magnesium alloy Is most obvious and the grain size is
103. 05 wm. The addition of SiC, can also improve the tensile strength elongation and hardness of AZ91D
magnesium alloy. The tensile strength elongation and hardness of the alloy are 218.34 MPa 6.17% and
78.42 HV.
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Fig.2 SEM image of as-cast microstructure

(¢) Al

3 AZ91D -0.5%SiC,
Fig. 3 Surface distribution of elements in
AZ91D -0.5% SiC,

2

3(d)

SiC

(d) Si

SiC

2(d) 2(e)
SiC, XRD
4 o a — Mg.
Mg, Al, Mg,Si LAN "
Mg, Si SiC,
Si0,
2Mg + Si0, =Si +2MgO 2Mg + Si = Mg, Si
Mg, Si
SiC,
Mg - Al o
XRD SiC,
SiC,
Mg, Si SiC,
X
L A:a —Mg
AAA Meg,Si
= I A A A V~Mg17A112
é le . AI%SIC/AZ91D
TJ Ao % | e
g Ald 0.75%SIC/AZ91D
=3 L A A A
Y I - LS S S W
\ 0.5%SIC/AZ91D
i
. 0.25%SIC/AZ91D
10 20 30 40 50 60 70 80 90 100
260/(°)
4 AZ91D -x%SiC X

Fig.4 AZ91D -x% SiC composite Xray diffraction

TEM  ( 5(a))

o 5(b) Mg, Si
Mg, Si o 5(¢)
6 AZ91D o
Nano Measure SiCp AZ91D
SiC

p

148.40 pm



124 26

2. .
0 0.25%
. 200
SiC, ™
2 . <
112.29 pm 10 676. 19 pm Sle £ 150
o - Mg R
SiC E 00 3
° 1y 1 ——AZ91D
2 2 ——0.25%SIC/AZ91D
1% 89.25 pm 7375 pm” o 50 o [ —oswsicazen
214 ——0.75%SIC/AZ1D
0 5 —1%SIC/AZ91D
0 0.05 0.10 0.15 0.20
NEAR /%
7 x%SiC,/AZ91D -
Fig. 7 As-cast x %SiC,/AZ91D tensile true
500nm stress-strain curve
(a) W BELL5H (b) SiCp 5 HAR R L »s0
7
Il
(kY3
p Wl =sE 4200
s o
N 1150
g :
& 5f =
| pm g 100 =5
(c) ZERIEH 4 50
5 AZ91D TEM
Fig. 5 TEM morphology of AZ91D alloy composite ) 0 0.25 0.50 0.75 1.00
YA Si CRORLIT 7850/ %
8 x%8SiC,/AZ91D
18000 - 1150
Fig. 8 As-cast x% SiC,/ AZ91D mechanical properties
= 16000 4
2 3 .
5‘@ 14000 li20 B SiC,
¥ 0.5%
f: 12000 & )
= oF SiC
B 10000 190 ol i
8000 : SiC, o — Mg
SiC -M
60000 025 050 075 1.oo 0 R a-ve
SICHURL B 2 5 50% SiC, N o
6 AZ91D 4 20 °
Fig. 6 Average grain size and area of AZ91D alloy Sle
o — Mg SiC,
2.2 o - Mg Sic,
7 8 SICp o — Mg Slcp
> o — Mg o
o SiC, SiC,  AZ91D ;
®) . Sic,
0 0.5% SiCp AZ91D SiCp
54.25% 3 o SiCp a — Mg

218. 34 MPa.



3 : SiC AZ91D 125

o —Mg SiC, . SiC, 0
a — Mg a — Mg
;@ . 2
SiCp o
SiC, 5%
SiC,
SiCP 0
SiC, AZ91D
9 °
SiC, SiC, A7Z91D
o AZ91D 64.82 HV
SiC, 0.25%
73.4 HV 13.24%; SiCp
0.5% 78.42 HV
20.98%; 0.75%
82.24 HV 26.87%:, 1%
SiCp 85.58 HV
32.03% - SiC,
Mg, Si SiCp % Sl
o5 (e) AZ91D-1%SiC
90 10 SiC, AZ91
85 L Fig. 10 AZ91 as-cast fracture morphology with
E 201 different SiC, content
B ot 10( b) .
70F SiCp
65 °
a0l | | | | 10( c) o
0 0.25 0.50 0.75 1.00
SICBUAL T 1k 3 4 (%)
9
Fig. 9 Microhardness of composite ’
10 SiCp AZ91D ° SiCp
. AZ91D ; B - Mg, Al, SiC,
a o
o B — Mg, Al, A7Z91D
B — Mg, Al, a - Mg 3
1) SiCp AZ91D

2) SiC AZ791D



126 26
N Nucleation and Grain Growth at High Temperature for Quenched
. SiC Magnesium Alloy Containing SiC Particle J . The Chinese Journal
’ of Nonferrous Metals 2017(2) :243.
° 11 CHANG Hai WANG Cuiju DENG Kunkun et al. Effect of
SiCp Content on the Microstructure and Mechanical Properties of
SiCp/Mg-5A12Ca Composites J . Rare Metal Materials and En—
1 DENG K K LI J C. Interfacial Characteristic of As-deformed gineering 2018 382(5) :57.
SiCp—reinforced Magnesium Matrix Composite J . Acta Metall. 12 SiC /
Sin 2014 27(5) :885. J.
2 CHEN L YAO Y. Processing Microstructures and Mechanical 2011 31(2):79.
Properties of Magnesium Matrix Composites: A Review J . Acta LI Yajuan JIA Peng DONG Yun et al. Effects of SiC Nanoparti—
Metall. Sin 2014 27(5) :762. cles as Additive in Lubricating Oil on Wear Mechanisms Transition
3 I of Steel/steel Coupling J . Diamond & Abrasives Engineering
2015 5(2):24. 2011 31(2):79.
ZHAO Yi DONG Gang ZHAO Bo. Research Progress of Magne— 13 SiC AZ91D
sium Alloy in Aviation Field J . Nonferrous Metal Engineering J . 2016 36( 5) :459.
2015 5(2):24. HU Yong NI Xuwu ZHAO Longzhi. Effect of SiC Nano Particles
4 and Mechanical Properties of AZ91D Magnesium J . Special Cast—
J. 2004 26(3):39. ing and NonHerrous Metals 2016 36( 5) : 459.
WANG Qudong DING Wenjiang Trends and Development of 14 . SiC A7Z91D
Magnesium Alloys and Their Forming Technology J . World Sci- J. 2013( 10) .
ence and Technology Research and Development 2004 26 CHEN Shengna CAI Changchun YU Huan et al. Effect of SiC
(3):39. Content on Refinement Effect and Microstructure of AZ91D Magne—
5 Y A7Z81 J . sium Alloy J . Special Casting & Nonferrous Alloys 2013( 10) .
2015 36(1):85. 15 .n-SiC, Mg9Al4Si
LI Ping  WANG Ying. Fine Grain Strengthening Effect of Y on J . 2019 40(1):20.
AZ81 Magnesium Alloy J . Rare Earth 2015 36(1) :85. ZHOU Lidan LI Junjian WANG Hongxia. Effect of n-SiC, Con-
6 J. tent on Microstructure and Properties of Ss—cast Mg-9AIdSi Alloy
2013 42(2):43. J . Foundry Technology 2019 40( 1) :20.
YAN Fugiang WANG Hui et al. Research Progress on Strength— 16 /AZ91
ening and Forming of Magnesium Alloys ] Hot working J. 2018 32(10):90.
Process 2013 42(2) :43. YUAN Qiuhong ZHOU Guohua LIAO Lin. Microsructure and
7 . SiC,, Mechanical Properties of Grap Hene Nanosheets Reinforce AZ91
I 2014( 22) : 22. Alloy Matrix Composite J . Material Guide 2018 32( 10) :90.
TIAN Yuan JIN Yuchun ZHAO Yuhong et al. Research and 17 CHENTJ MAY LV W B et al. Grain Refinement of AM60B
Application of SiCp Particle Reinforced Magnesium Matrix Com- Magnesium Alloy by SiC Particles J . Journal of Materials Sci-
posite J . Hot Working Technology 2014(22) :22. ence 2010 45:6 732.
8 18 CHENT]J JJANGXD MAY etal. Grain Refinement of AZ91D
J. 2018( 14) : 104. Magnesium Alloy by SiC J . Journal of Alloys and Compound
LIU Lina TIAN Xiaoguang SHEN Qinbing. Research on Micro— 2010 496:218.
structure and Performance of SiC Particle Reinforced Mg-Al Matrix 19 . SiC AM60B
Composites J . Hot Working Technology 2018( 14) : 104. J . 2009( 5) : 17.
9 SiC LV Weibin CHEN Xiujun MA Ying et al. Grain Refinement
J . 2016 35(4):54. Effect and Mechanism of SiC on AM60B Alloy J . China Foundry
XIONG Xinhong FEI Fan CAI Jiankang et al. Effect of Aging Equipment and Technology 2009(5) : 17.
Treatment and SiC Addition on Microstructure and Properties of 20 LANJ YANG Y LI X C. Microstructure and Microhardness of SiC
Magnesium Alloy J . Journal of Nanchang Institute of Engineer— Nanoparticles Reinforced Magnesium Composites Fabricated by Ul-
ing 2016 35(4):54. trasonic Method J . Materials Science and Engineering A 2004
10 . SiC 386:284.
J. 2017(2) :243. ( : )

YANG Wei YIN Haimi SHANG Jingli

et al. Heterogeneous



