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Abstract: SiC nanoparticles reinforced magnesium matrix composites were fabricated by ultrasonic method. The AZ91 alloy and 
SiC nanoparticles with the average diameter of 50 nm were used as the matrix alloy and the reinforcement, respectively. The addition 
of nanoparticles was 0.1%, 0.3%, and 0.5% (mass fraction) of the composites. The results of microstructural evaluation and 
mechanical properties indicate that the nanoparticles can be dispersed into magnesium alloys efficiently and uniformly with the aid of 
ultrasonic vibration. As compared with the matrix alloys, the grains of composites were refined and the mechanical properties of 
composites were improved significantly. The SEM and DSC analyses show that the SiC nanoparticles can act as the heterogeneous 
nucleation of α-Mg. Also, the strengthening mechanism responsible for the composites reinforced with SiC nanoparticles was 
discussed. 
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1 Introduction 
 

Magnesium alloys are the lightest structural metallic 
materials, but the mechanical properties and creep 
resistant property of most common commercial 
magnesium alloys cannot meet the developing demands 
of the industries[1−5]. Hence, the magnesium matrix 
composites are attracted more attention because of their 
excellent properties, such as high specific modulus, high 
specific strength, low coefficient of thermal expansion 
and good wear resistance[6].  

Recently, nano-sized ceramic particles, such as SiC, 
Al2O3, Y2O3 are used as reinforcement in magnesium 
matrix composites. The nanoparticles reinforced 
magnesium matrix composites show more excellent 
mechanical properties than those reinforced by 
micro-scale particles, but the key problem in the case of 
nano-sized particles is how to disperse them into the 
matrix alloys efficiently and uniformly. Among the 
efficient methods, there are ball-milling method[7−8], 
disintegrated melt deposition (DMD) method[9−10], 
ultrasonic dispersion method[11−12], semisolid process 
[13] and so on. 

In the present work, AZ91 alloy and SiC 
nanoparticles were used as the matrix alloy and 
reinforcement, respectively. The reasons responsible for 
selecting SiC as reinforcement are due to its high 
hardness and strength and its heterogeneous nucleation 
effect in the molten magnesium alloys[6,14-15]. The 
composites were fabricated by ultrasonic method, the 
microstructure and mechanical properties of the 
composites were evaluated and the strengthening 
mechanism of the SiC nanoparticles was discussed. 
 
2 Experimental 
 

The commercial AZ91D magnesium alloys (8.94% 
Al, 0.70% Zn, 0.22% Mn, 0.02% Si, balance Mg) (mass 
fraction) were used as the matrix alloys. The beta-SiC 
particles with the average diameter of 50 nm were used 
as the reinforcing particles. The transmission electron 
micrograph (TEM) of the SiC nanoparticles is shown in 
Fig.1. 

The clean and preheated magnesium ingots of about 
600 g were put into an Al2O3 crucible. Then the 
magnesium alloy was heated to about 650 ˚C in a 
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resistance furnace. After the alloy was melted, the treated 
SiC nanoparticles were added into the melting 
magnesium alloy, and then the ultrasonic probe was 
dipped in the melt about 20 mm with the output power of 
0.6 kW for about 30 min (the ultrasonic wave was 20.0 
kHz with the maximum output of 2.0 kW). After the 
ultrasonic treating, the composites were cooled down to 
about 630 ˚C and cast into the permanent mold preheated 
to 200 ˚C. The whole experiments were carried out with 
the protection of 0.5%SF6+N2. The addition of SiC 
nanoparticles was 0.1%, 0.3% and 0.5% (mass fraction) 
of the composites, respectively. The contrastive samples 
without nanoparticles were also prepared with the same 
procedures. 
 

 

Fig.1 TEM micrograph of SiC nanoparticles 
 
Specimens for micrograph observation were etched 

in acetic picral after being polished. The samples were 
observed by scanning electron microscopy (SEM) on a 
HITACH S3400N, and the high resolution transmission 
electron microscopy (HRTEM) with a JEOL 2010F after 
being ion milled. The DSC cooling curves of AZ91 and 
the composites with 0.5% SiC nanoparticles were 
obtained on a Netzsch STA 449C TG-DTA/DSC 
apparatus.  

The tensile specimens with a gage diameter of 5 
mm and a gage length of 25 mm were tested on the MTS 
810 testing machine with the cross head speed of 1 
mm/min at room temperature. 
 
3 Results and discussion 
 

Fig.2 shows the micrographs of AZ91 alloy and the 
composite with 0.5% SiC (mass fraction) nanoparticles. 
They are composed of primary α-Mg phase and 
β-Mg17Al12 phase. The α-Mg phase in the composite is 
finer and more uniform than that in the AZ91 alloy. The 
average size of α-Mg phase in the composite is about 60 
μm, whereas it is about 90 μm in the AZ91 alloy. Besides 
grain refinement, the β-Mg17Al12 phase in the composite 
becomes discontinuous and fine in comparison with that 
in the AZ91 alloy. 

 

Fig.2 SEM micrographs of AZ91 (a) and composite with 0.5% 
SiC (b) 

 
The difference in the microstructure was caused by 

the presence of SiC nanoparticles. The refinement of 
α-Mg phase in the composites should be due to the 
heterogeneous nucleation caused by the SiC 
nanoparticles. And the morphology change of the 
β-Mg17Al12 phase may be attributed to both the SiC 
nanoparticles and the ultrasonic vibration during the 
fabrication process. Therefore, the mechanical properties 
of the composite should be improved on the combination 
of the refined α-Mg phase and the β-Mg17Al12 phase. 

In order to determine the heterogeneous nucleation 
caused by the SiC nanoparticles, the DSC cooling curves 
of AZ91 and the composite with 0.5% SiC nanoparticles 
were investigated. The DSC cooling curves of AZ91 
alloys and the composite with 0.5% SiC nanoparticles 
are shown in Fig.3. The onset of solidification in AZ91 is 
589.8 ℃ , which is 4.6 ˚C lower than that of the 
composites with 0.5% SiC nanoparticles. It is indicated 
that the SiC nanoparticles act as the heterogeneous 
nucleation of α-Mg phase in the magnesium alloy and 
the undercooling for solidification of α-Mg is reduced by 
the SiC nanoparticles. 

It is because that the lattice constants of cubic β-SiC 
are a=b=c=0.4358 nm, α=β=γ=90°, the lattice mismatch 
between (111) crystal face of β-SiC and (0001) crystal 
face of α-Mg is only 3.96%. So, the SiC nanoparticles 
can act as the heterogeneous nucleation of α-Mg[15]. 

The distribution of SiC nanoparticles in the 
composite with 0.5% SiC nanoparticles is shown in Fig4. 
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Fig.3 DSC cooling curves of AZ91 and composite with 0.5% 
SiC at cooling rate of 10 K/min 
 

 
Fig.4 SEM micrograph of composites with 0.5% SiC 
 
Besides few microclusters of SiC nanoparticles, the 
nanoparticles were dispersed well in the composite. It is 
shown that the ultrasonic method is an effective process 
for dispersing the nanoparticles in the magnesium alloys. 
It was reported that the ultrasonic cavitation in the molten 
melt could produce transient micro spots at temperature of 
about 5 000 ˚C, pressure of above 100 MPa and heating 
and cooling rate about 107 K/s[16]. So, the nanoparticles 
clusters could be broken and the nanoparticles were 
dispersed well in the molten magnesium alloy. The well 
dispersed nanoparticles can both refine the 
microstructure of the magnesium alloys and act as the 
reinforcement of the composite effectively. 

Fig.5(a) shows the HRTEM micrograph of the 
interface between a SiC nanoparticle and the magnesium 
matrix. The EDS spectrum of the interface is shown in 
Fig.5(b). The peaks of Si and C indicate the presence of SiC 
and the peaks of Mg, Al and Zn are attributed to the matrix 
of AZ91 alloy. According to Figs.5(a) and (b), it can be 
concluded that the SiC nanoparticle bonded well with the 
magnesium matrix without the intermediate phase or cracks 
between them. Considering the size of SiC in the present 
research is in the range of nanoscale, the ultrasonic method 
is an effective and viable way for fabricating the 
nanoparticles reinforced magnesium matrix composites. 

 

 

 
Fig.5 HRTEM micrograph (a) and EDS spectrum (b) of SiC 
nanoparticle in composite with 0.5% SiC 
 

However, there are some “microclusters” of SiC 
nanoparticles occurred in the present research, which are 
shown in Fig.6. These microclusters consist of dozens of 
single nanoparticles. Most of these nanoparticles are not 
connected directly with each other. In fact, the 
microclusters are the mixture of nanoparticles and the 
magnesium alloy, and the most nanoparticles are separated 
by the magnesium alloy. This means that the microclusters 
of nanoparticles are unstable and possible to be broken 
and dispersed if the ultrasonic power is enough. 

 

 
Fig.6 HRTEM micrograph of microcluster of SiC nanoparticles 
in composites 
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The mechanical properties of AZ91 and the 
composites are shown in Fig.7. The yield strength (YS), 
ultimate tensile strength (UTS) and elongation of AZ91 
alloy are only 104 MPa, 174 MPa and 3.6%, respectively. 
With the addition of SiC nanoparticles, the YS, UTS and 
elongation of the composites have been increased 
significantly. The YS, UTS and elongation of the 
composite with 0.5% SiC nanoparticles are 124 MPa, 
216 MPa and 6.6%, respectively. Compared with those 
of the matrix alloy, the YS, UTS and elongation of the 
composite with 0.5% SiC nanoparticles are improved by 
19%, 24% and 83%, respectively. 

 

 
Fig.7 Mechanical properties of AZ91 and  composites with 
0.1%, 0.3% and 0.5% SiC 

 
The improvement in mechanical properties of SiC 

nanoparticles reinforced composites is attributed to the 
grain refinement and the strengthening effect of SiC 
nanoparticles. The strengthening of the nanoparticles 
comes from the Orowan strengthening effects, enhanced 
dislocation density and loading bearing effects during the 
deforming course of the composites. Because the 
nanoparticle size in the present work is about 50 nm, the 
Orowan strengthening mechanism works more 
significantly than the micro-sized ceramic particles.  
 
4 Conclusions 
 

1) The ultrasonic method is an effective and viable 
process for dispersing the SiC nanoparticles in the 
magnesium alloy.  

2) Because of the presence of SiC nanoparticles, the 
α-Mg phase is refined and the morphology of β-Mg17Al12 

phase changes to discontinuous and fine. Microstructure 
and DSC analyses show that the β-SiC can act as the 

heterogeneous nucleation of α-Mg. 
3) The improvement of mechanical properties of 

composites is attributed to the grain refinement and the 
strengthening effects caused by the SiC nanoparticles. 
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