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Abstract
This work aims to focus on fine precipitation of Mg-Si compound in AS21 alloy system by the dispersion of SiC reinforce-
ment through stir-casting in two steps. Dual step stir-casting at a melt temperature of 680 o C, 700 o C, and 720 o C with 
varied stirring rates (S) manufactured the AS21 alloy composite having 2, 4 and 6 wt.% of SiC. The Taguchi L9 experi-
ments were implemented with three processing factors (wt.% of reinforcement, melt temperature and stirring speed) at three 
levels in order to acquire optimum conditions. Metallographic examinations depict the formation fine grain structure and 
precipitation of fine Mg-Si compound with the SiC reinforcement. The ANOVA analysis identified the SiC reinforcement 
as the most effective parameter influencing the mechanical properties of AS21 alloy composites. The tensile strength of 
199.35 MPa was attained at the optimum two-step stir casting conditions: i.e. melt temperature of 720 o C, stirring speed 
of 600 rpm by adding 6 wt.% of SiC in AS21 alloy. The influence of SiC variation on Mg2Si compound by duel step stir 
casting were discussed in detail.
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1  Introduction

Magnesium (Mg) alloys are contemplating the most capable 
materials in aerospace and automotive industries. Further-
more, magnesium metal matrix composites also expose good 
cast-ability, machinability, thermal stability and damping 
properties [1]. Synthesis and fabrication of Mg metal matrix 
composite is the great challenge for researchers and scien-
tists for the reason that high affinity of magnesium towards 
oxygen. Casting route gained more attention to produce Mg 
alloy composites for the structural application of magnesium 
[2]. Vacuum assisted stir-casting of Mg alloy and its com-
posites as one of the sustainable process due to its near net 
shape components in a cost effective manner [3].

In general, SiC reinforcement has become great inter-
est and is the most commonly used reinforcement for Mg 

and Al alloys because of its excellent compatibility, high 
damping characteristics, increase in dimensional stability 
and low cost [4–6]. Researchers found that SiC reinforcing 
micro-particles by stir-casting can be effectively enhanced 
the mechanical and wear properties of the composites [7–9]. 
Micro-scaled reinforcements rather than Nano-reinforce-
ments are easily dispersed and very economical in industries 
for attaining attractive properties of Mg alloy composites 
[10, 11].

Stirring technique shows a noticeable impact on the rein-
forcement distribution in the base matrix at liquid state and 
also manufactures the near net shaped components [12, 13].
But some of the structural defects such as particle cluster, 
porosity and surface oxidation arise during fabrication by 
conventional casting route [14]. Recently, two-step stir-
casting was adopted to overcome these pitfalls during fab-
rication of metal matrix composites [15]. Qiyao et al. [16] 
characterized the microstructure and mechanical properties 
of Al composites by two-step stir-casting. The authors found 
more uniform particle distribution and fewer interfacial com-
pounds was formed by this process. Pagidiet al. [17] fabri-
cated the Al-hBN nano-composites by two-step stir-casting. 
The microstructure revealed major compounds of Al and 
hBN nano-particles with no impurities.

 *	 D. Rognatha Rao 
	 drognath@gmail.com

1	 Department of Mechanical Engineering, Acharya Nagarjuna 
University, Guntur, Andhra Pradesh 522510, India

2	 Department of Mechanical Engineering, R.V.R.&.J.C college 
of Engineering, Chowdavaram, Andhra Pradesh 522019, 
India

/ Published online: 10 August 2022

Silicon (2023) 15:813–827

http://crossmark.crossref.org/dialog/?doi=10.1007/s12633-022-02046-2&domain=pdf


1 3

Among the available Mg alloys, Mg-Si alloy was poten-
tial material for engineering applications. AS21 is an Mg-
Al-Si alloy which has excellent cast-ability and superior 
mechanical properties.The excess Si reacts with Mg and 
forms as an intermetallic phase of Mg2Si which improves 
mechanical and creep properties [18]. These alloys exhibit 
superior elevated temperature properties and also to be uti-
lized as structural parts in automotive and aerospace appli-
cations [19]. The intermetallic compound of Mg-Si phase 
obtained via conventional casting has a coarse size leading 
to highly brittle and deterioration of material properties [20]. 
Therefore, the finer size of Mg-Si precipitate in AS21 alloy 
is desired for better improvement of mechanical properties.

In the view from above literature, a metal matrix compos-
ite by two-step stir-casting was studied in a limited way. To 
the best of the author’s knowledge, no reports are available 
on the development of AS21 Mg alloy composites. In the 
present investigation, the fabrication of AS21 alloy and its 
composites with SiC reinforcement was done through a two-
step stir-casting for the first time. The operating parameters 
such as melt temperature, stirring speed and SiC reinforce-
ment were chosen at three different levels and optimized 
by a Taguchi L9 approach to attain superior mechanical 
properties.

2 � Fabrication Procedure

Commercially available magnesium AS21 Mg alloy ingot 
(Venuka Engineering Pvt. Ltd., India, 99.7%, 100 μm) with 
a nominal composition of Mg-2.11Al-1.03Si-0.23Mn was 
chosen as base matrix. The reinforcement percentage of 
SiC (Alfa Aesar, India, 99.95%, 10 μm) was varied from 
2 wt.% to 6 wt.% in steps of 2% to prepare AS21 composite. 
Premeasured quantity of Mg alloy AS21 was melted in an 
electrical resistance furnace at three different temperatures 
(680 °C, 700 °C and 720 °C) under an inert atmosphere. 
To obtain Mg AS21 composite, a known quantity of SiC 
particles was carefully weighed and added to magnesium 
alloy melt. The SiC particles are primarily pre-heated in a 
muffle furnace to eliminate moisture from particulates and 
increase wett-ability in a matrix material. The preheated 
reinforcement particles were mixed with AS21 melt through 
stirrer for 15 min. Stirring was done at three different speeds 
of 400 rpm, 500 rpm and 600 rpm respectively. The melt 
temperature was brought down to 650 °C, and then heated 
rapidly to 750 °C. Finally the composite melt was poured 
into a preheated gray cast iron cylindrical mold and then the 
mold is allowed to cool for a few minutes. Homogenization 
of Mg alloy and composites was done for 12 hours to get rid 
of residual stresses. A cover flux 1 Wt.% of matrix was used 

to remove the dissolved gases and to prevent oxidation in the 
molten metal during melting process.

The samples of AS21 composites (Fig.  1) were then 
machined by ASTM standards for microstructural analysis and 
mechanical tests. Microstructure analysis was contemplated 
using a scanning electron microscope (Hitachi S300N, Japan). 
Density of the Mg composite solid sample was estimated by 
mass and physical dimensions. Micro-hardness was measured 
with a dwell period of 10s at a load of 100 g in several regions 
of the Mg composite surface. Tensile strength was estimated 
using computerized Instron-8801 UTM with a ram speed of 
3 mm/min at room temperature as per ASTM E-8 standard. 
The parameters for processing AS21-SiCmetal matrix com-
posites were optimized using Taguchi L9approach. Table 1 
illustrates the levels of variation of process parameters in this 
research work.

Fig. 1   Specimens cast of AS21-SiC composites

Table 1   Details of AS21-SiC composite fabrication parameters

Parameters Unit Level 1 Level 2 Level 3

SiC Reinforcement (SiC) Wt.% 2 4 6
Melt temperature (Tm) o C 680 700 720
Stirring speed (S) rpm 400 500 600
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3 � Results and Discussions

3.1 � Microstructure

Figure 2a-d shows the SEM microstructure of AS21 Mg 
alloy and composites at different levels of process parame-
ters. The microstructures reveal presence of gray particles in 
different regions of Mg alloy and composites. Many of gray 
particles settled near grain boundaries surrounded by dark 
region. The non-uniform dispersion of gray particles and 
uneven grain boundaries are observed in the microstructure 
of AS21 Mg alloy. However, the dispersion is uniform with 
the addition of SiC reinforcement. The AS21 Mg compos-
ite fabricated with the operating parameters 2%SiC, 720 °C 
and 600 rpm (Fig. 2b) shows fine grains with clear grain 
boundary intersection. The microstructure is more uniform 

with the increase in volume fraction of SiC reinforcement 
(Fig. 2c and d).

In order to identify the elemental distribution in the 
microstructure of AS21 composites an SEM-EDS analysis 
was performed in different regions. Figure 3a and b shows 
SEM with EDS spectra at different points of the microstruc-
tures. At point ‘+1’ marked in the microstructures shows the 
elemental distribution of AS21 composition. However, the 
point marked in ‘+2’ of gray particles shows the elemental 
distribution of Mg and Si only. This EDS elemental distri-
bution suggests the precipitation of intermetallic compound 
of Mg2Si composition. The elemental concentration of Si 
in gray particles (point ‘+2’) of AS21 and AS21–6%SiC 
are 33.41% and 30.58%. This observation suggests that the 
stoichiometric ratio of magnesium and silicon is nearer to 
Mg2Si compound [21]. Similar observations were notified 

Fig. 2   SEM images of AS21 
composite at different process 
parameters (SiC, Tm and S): 
(a) 0%, 720 °C, 600 rpm; (b) 
2%, 720 °C, 600 rpm;(c) 4%, 
720 °C, 600 rpm; (d) 6%, 
720 °C, 600 rpm
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with the microstructure of AS21–2%SiC and AS21–4%SiC 
composites.

Figure 4 illustrates the SEM image with EDS spectra of 
AS21–6%SiC composites. The High intensity of silicon with 
only carbon is observed in the region. This analysis clearly 
reveals the existence of SiC reinforcement in AS21 Mg alloy. 
It is to be noted that irrespective of process parameters, the 
individual SiC particles were identified in all microstruc-
tures of AS21 composites.

Figure 5a-d explains the grain size distribution of AS21 
composites at different volume fraction of SiC reinforcement 
using Image J software. The average grain diameter of AS21 
alloy (Fig. 5a) was 61.08 μm. However, the grain diameter is 
decreased to 54.15 μm with 2% SiC reinforcement (Fig. 5b). 
The grains were further refined to 45.02 μm with 4% SiC 
reinforcement (Fig. 5c). The average size of grain after 6% 
of SiC reinforcement was 40.63 μm (Fig. 5d). The possible 
reason for refinement of grain is due to pinning effect of 
uniformly dispersed SiC [22].

3.2 � Taguchi Approach

Taguchi optimization [23] is a powerful approach for design-
ing high quality systems formulated on the basis of orthog-
onal array (OA) experiments. It establishes an integrated 

approach that is simple and efficient to predict an optimum 
setting of process control parameters. In the present research, 
the Taguchi approach is implemented by engaging larger is 
better S/N (signal to noise) ratio for optimum parameters 
prediction using MINITAB-21 software. Response charac-
teristics such as hardness and strength were experimented as 
per L9 OA. The average of five readings from each experi-
ment was noted as the final values of hardness and tensile 
strength.

Table 2 exhibits the response characteristics with S/N 
ratios for three process parameters at three levels executed 
as per L9 orthogonal array. Tables 3, 4 and 5 shows the 
response table of density, hardness and tensile strength for 
corresponding process parameters. The impact of input fac-
tors on the density of AS21 composite was in the order of 
Melt temperature (o C) > SiC reinforcement (wt.%) > Stir-
ring speed (rpm). However, the impact of input factors on 
hardness and tensile strength of AS21 composites was in 
the order of SiC reinforcement (wt.%) > Melt temperature 
(o C) > Stirring speed (rpm).

To predict the optimum level of operating parameters for 
density, hardness and tensile strength of AS21 composite, 
the each level of process parameters has been evaluated by 
employing main effects plot analysis. Figure 6a-c shows 
the main effect plot of process parameters for the output 

Fig. 3   SEM-EDS of Mg AS21 composites (SiC, Tm and S): (a) 0%, 720 °C, 600 rpm; (b) 6%, 720 °C, 600 rpm
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characteristics of density, hardness and tensile strength and 
the values are listed in Table 6. Figure 7a-c shows the nor-
mal probability of density, hardness and tensile strength of 
the AS21 composite describes more about experimental data 
consistency. Data is closer to central line indicating that the 
results are reliable.

3.3 � ANOVA Results

ANOVA analysis predicts the significance of each pro-
cess parameter on multiple quality characteristics [24]. 
Tables 7, 8 and 9 shows the significance of each input factor 
on response characteristic of density, hardness and tensile 
strength. From the ANOVA analysis of density (Table 6), 
melt temperature is the major contributor with a contribu-
tion of 99.59%. SiC reinforcement was identified the most 
significant parameter on the measurement of hardness with 
the contribution of 81.70%, followed by melt temperature 
with a contribution of 16.66%. And also SiC reinforcement 
is the major contributor with 91.64%, followed by melt tem-
perature of contribution 7.48% on tensile strength measure-
ment. It is to be noted that SiC reinforcement is the major 
parameter that show significant contribution on mechanical 

properties of AS21Mg composites. The analysis also shows 
that R-Sq value is above 90% indicating the results are just 
adequate.

3.4 � Hardness Variation

Figure 8 shows hardness variation of the Mg AS21-SiC com-
posites under different process parameters. The hardness of 
AS21 alloy fabricated under melting temperature of 720 °C 
and stirring speed of 600 rpm showed 57.8 HV. However, 
the hardness increased by 10.67% with the addition of 2% 
SiC, 18.75% with the addition of 4% SiC and 28.35% with 
the addition of 6% SiC in the AS21 base matrix. The hard-
ness is significantly improved with the addition of SiC rein-
forcement. The results of hardness improvement are due to 
restriction of localized plastic deformation by the dispersion 
of hard ceramic SiC particles in during the indentation [25].

3.5 � Tensile Strength Variation

Figure 9a and b shows the room temperature tensile test 
specimens and stress-strain curves of AS21 alloy compos-
ites. The tensile strength of AS21 mg alloy was 141.69 MPa. 

Fig. 4   SEM-EDS of AS21–6%SiC composites
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Fig. 5   Grain size distribution of 
AS21 composites: (a) 0% SiC; 
(b) 2% SiC; (c) 4% SiC; (d) 
6% SiC
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The addition of 2% SiC increased the tensile strength to 
159.31  MPa. The tensile strength further increased to 
170.51 MPa by increasing the volume fraction of SiC from 
2% to 4%. On further increase of the SiC volume fraction 
from 4% to 6%, the tensile strength grows and increased 
to 199.35 MPa (Fig. 10). From the results, it can be seen 
that the tensile strength of AS21 alloy increased by 28.92% 
with the addition of 6% SiC reinforcement. The enhance-
ment in strength of AS21 was attributed to the formation of 

refined grain structure with 6% SiC reinforcement (Fig. 5d) 
and strong interfacial bonding between matrix and reinforce-
ment [26].

3.6 � Fractography

Figure 11 depicts the fracture SEM images of broken sur-
faces under tension test of AS21 alloy and its composites. 
The fracture surface of AS21 alloy (Fig. 11a) indicates more 
of dimples which indicate the ductile nature of the fracture. 
The fracture surface of 2 wt.% and 4 wt.% SiC dispersed 
AS21 alloy (Fig. 11b and c) indicates mixed features of 
failure patterns which is predominantly dimples and tearing 
ridges. The refined grain structure by SiC reinforcement is 
the primary cause for a reduction in the size of dimples in 
the composite [27]. Moreover, no voids near the hard par-
ticles in 6 wt.% of SiC reinforcement (Fig. 11d) indicate 
strong interface bonding in composite [28]. This may be 
the cause for improved strength and hardness with higher 
volume fraction (6%) of SiC reinforcement.

3.7 � Discussion on SiC Dispersion by Two‑Step Stir 
Casting

The fabrication of AS21 alloy composites by two-step stir-
casting revealed less oxidation of magnesium and no sig-
nificant micro pores and no perceptible oxide inclusion. The 
successful consolidation of SiC/AS21 composite shows the 
right selection of influencing parameters during the duel 
step process, i.e. wt.% of SiC, melt temperature and stir-
ring speed. The near dense samples at high melt tempera-
ture (720 o C) enables higher diffusion rates, which promote 
densification process [29]. Dispersion of 2, 4 and 6 wt.% of 
SiC in the semi solid state with proper control of duel step 
movement forms homogeneous distribution of SiC in AS21 
alloy. Similar results were reported for the density of sam-
ples synthesized through two-step by Aravindan [30]. The 
dual step mixing facilitates the successful amalgamation of 
SiC reinforcement in AS21 alloy. Moreover, the minimal 

Table 2   Response characteristics and S/N ratios of AS21-SiC composites

Exp. No SiC (Wt.%) Tm (o C) S (rpm) Density (%) S/N Ratio Hardness (HV) S/N Ratio Strength (MPa) S/N Ratio

1 2 680 400 96.95 39.73 60.18 35.58 149.05 43.46
2 2 700 500 97.86 39.81 62.06 35.85 151.23 43.59
3 2 720 600 98.92 39.90 64.71 36.21 159.31 44.04
4 4 680 500 97.13 39.74 67.08 36.53 161.42 44.15
5 4 700 600 97.53 39.78 71.14 37.04 168.34 44.52
6 4 720 400 98.89 39.90 71.13 37.04 170.51 44.63
7 6 680 600 97.13 39.74 70.23 36.93 186.22 45.40
8 6 700 400 97.86 39.81 74.54 37.44 190.16 45.58
9 6 720 500 98.89 39.90 80.68 38.13 199.35 45.99

Table 3   Response table for density -S/N ratios

Level SiC (Wt.%) Tm (o C) S (rpm)

1 39.82 39.74 39.82
2 39.81 39.80 39.82
3 39.82 39.90 39.81
Delta 0.01 0.16 0.01
Rank 2 1 3

Table 4   Response table for hardness -S/N ratios

Level SiC (Wt.%) Tm (o C) S (rpm)

1 35.89 36.35 36.69
2 36.87 36.78 36.84
3 37.50 37.13 36.73
Delta 1.62 0.78 0.15
Rank 1 2 3

Table 5   Response table for tensile strength -S/N ratios

Level SiC (Wt.%) Tm (o C) S (rpm)

1 43.70 44.34 44.56
2 44.44 44.57 44.58
3 45.66 44.89 44.66
Delta 1.96 0.55 0.10
Rank 1 2 3

819Silicon (2023) 15:813–827
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Fig. 6   Main effect plot of AS21 
composites: (a) Density; (b) 
Hardness; (c) Tensile strength

820 Silicon (2023) 15:813–827
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wastage from the slurry by two-step mixing confirms the 
good wettability between AS21 alloy and SiC particles 
[31]. When increasing the melt temperature from 680 °C to 
720 °C, significant improvement in density of AS21 com-
posite was observed.

The microstructure of AS21 alloy and its composites were 
studied as a function of influencing parameters. The forma-
tion of intermetallic compound Mg2Si is possible due to 
electro-negativity difference in silicon and magnesium [32]. 
The precipitation of Mg2Si phase was dominant and dense 

Table 6   Optimum process parameters of AS21-SiC composites

Response characteristics Optimum level of parameters

SiC Reinforce-
ment (Wt.%)

Melt 
temperature 
(Tm)

Stirring 
speed 
(S)

Density (%) 2 720 600
Hardness (HV) 6 720 500
Tensile strength (Mpa) 6 720 600

Fig. 7   Normal probability plot 
of AS21 composite: (a) Den-
sity; (b) Hardness; (c) Tensile 
strength

821Silicon (2023) 15:813–827
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in as-cast AS21 Mg alloy (Fig. 2a) which exhibits the pres-
ence of large precipitate. The high silicon content (1.03%) in 
magnesium matrix may create high bonding force between 

elements leading to the clustering at the grain boundaries 
[33]. This observation is similar to structural changes of 
Mg-Si alloy through powder metallurgy developed by Seth 
[34].

To improve the microstructure of monolithic alloy, an SiC 
particulates were amalgamated into AS21 during two steps 
of stir-casting. Based on studies conducted by Palash [35], 
significant improvement in the microstructure and properties 
of Mg alloy through SiC addition. Cao [36] also summarized 
that the SiC particles were well bounded with Mg matrix 
by casting and shows no secondary phase between Mg/SiC 
interface. Addition of SiC reinforcement results in reduc-
tion in a size of the precipitate and refined microstructure 
of AS21 alloy (Fig. 5). The precipitate turned out to be finer 
with the weight fraction of SiC reinforcement during two-
step stir-casting. This is due to SiC reinforcement restricts 
the grain growth and acts as heterogeneous nucleation sites 
of Mg grains [37].

The refined grains (Fig. 5) of AS21 alloy composite are 
due to reinforcement of SiC, leading to stimulation of nucle-
ation in the primary phase. Anil Kumar [38] reported that 
the wettability of molten Mg and SiC directly influence the 
heterogeneous nucleation sites. The duel step stirring in the 

Table 7   ANOVA analysis for 
density

Source DF Seq. SS Contribution Adj. SS Adj. MS F-Value P Value

SiC (Wt.%) 2 0.0187 0.15% 0.0187 0.00935 0.59 0.628
Tm (o C) 2 12.7506 99.59% 12.7506 6.37531 402.9 0.002
S (rpm) 2 0.0025 0.02% 0.0025 0.00126 0.08 0.926
Error 2 0.0316 0.25% 0.0316 0.01582
Total 8 12.8035 100.00%
S = 0.125791; R-sq = 99.75%; R-sq (adj) = 99.01%;

Table 8   ANOVA analysis for 
hardness

Source DF Seq. SS Contribution Adj. SS Adj. MS F-Value P Value

SiC (Wt.%) 2 269.198 81.70% 269.198 134.599 79.66 0.012
Tm (o C) 2 54.882 16.66% 54.882 27.441 16.24 0.058
S (rpm) 2 2.044 0.62% 2.044 1.022 0.6 0.623
Error 2 3.379 1.03% 3.379 1.69
Total 8 329.504 100.00%
S = 1.29987; R-sq = 98.97%; R-sq (adj) = 95.90%;

Table 9   ANOVA analysis for 
tensile strength

Source DF Seq. SS Contribution Adj. SS Adj. MS F-Value P Value

SiC (Wt.%) 2 0.000002 91.64% 0.000002 0.000001 717.22 0.001
Tm (o C) 2 0 7.48% 0 0 58.57 0.017
S (rpm) 2 0 0.75% 0 0 5.83 0.146
Error 2 0 0.13% 0
Total 8 0.000002 100.00%
S = 0.0000005; R-sq = 99.87%; R-sq (adj) = 99.49%;

Fig. 8   Effect of SiC reinforcement for hardness of AS21 Mg compos-
ites

822 Silicon (2023) 15:813–827
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present work not only breaks the oxide layers and further to 
spread molten Mg on the surface of SiC particulates, leading 
to the improvement of wettability between Mg/SiC interface. 
This is the reason for refined grain structure as observed 
at high volume fraction (6 wt.%) of SiC reinforcement in 
AS21 matrix.

The hardness of SiC/AS21 composite (Fig. 8) is perpetu-
ally higher than the monolithic alloy. This is due to precipi-
tation of fine Mg2Si compound by SiC reinforcement, which 
aid to restriction of matrix deformation by constraining dis-
location movement [18]. On the contrary, the appearance of 
coarse precipitates in AS21 alloy decreases the effectiveness 
in resisting the dislocation motion. This is the possible rea-
son for registering less hardness values of AS21 alloy. The 

remarkable improvement with the addition of 6 wt.% of SiC 
reinforcement (Fig. 8) are due to the larger amount of the 
dislocations caused due to refine grain particles (Fig. 5d). 
Another possible reason is due to the creation of a large 
number of inhibition sites for dislocations movement by 
finer Mg2Si phase [32].

With the addition of SiC reinforcement, the tensile 
strength of AS21 composites improved noticeably. SiC rein-
forcement not only prevents matrix deformation by limiting 
dislocation movement, but it also improves composite load 
bearing capacity [27]. Moreover, the precipitation of fine 
Mg2Si compound caused by SiC reinforcement in a two-
step process also contributed for strength enhancement of 
AS21 Mg composites. The tensile test in composites creates 

Fig. 9   Tensile test of AS21 Mg 
composites: (a) Test specimens; 
(b) Stress-strain curves

823Silicon (2023) 15:813–827
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strong internal stress lead to crack formation at the interface 
between SiC and the intermetallic compound. But, when 
increasing the SiC concentration, the appearance of inter-
metallic compound in reinforcement region significantly 
reduced and size also finer [39]. This is the possible reason 
for strength enhancement of AS21 alloy by the addition of 
2–6 wt.% of SiC reinforcement. Table 10 lists the mechani-
cal properties of Mg alloy composites developed by others. 
The AS21 Mg alloy reinforced with 4% and 6% SiC fabri-
cated through a two-step stir-casting attained comparable 
values.

4 � Conclusions

Magnesium composite with AS21 ingot main matrix 
and reinforced with SiC reinforcement powders was suc-
cessfully manufactured by dual step stir-casting route. Fig. 10   Effect of SiC reinforcement for tensile strength of AS21 Mg 

composites

Fig. 11   Fracture surface morphology of AS21 composites: (a) 0% SiC; (b) 2% SiC; (c) 4% SiC; (d) 6% SiC

824 Silicon (2023) 15:813–827
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Microstructure and densification of SiC reinforcement 
elements on the AS21 matrix were investigated. Mechani-
cal behaviour was analyzed by Taguchi optimization with 
three operating parameters and the conclusions derived 
from present work are given below.

1.	 Microstructural analysis Indicates that the AS21 alloy 
contains a coarse Mg2Si precipitate that gets finer with 
SiC reinforcement. This precipitate was confirmed by 
SEM - EDS analysis. Furthermore, as the SiC rein-
forcement increased, the grain boundary refinement 
increased.

2.	 Density values of composite samples at various melt 
temperatures and stirring speeds were recorded. The 
highest value of 98.92% was determined in the com-
posite fabricated at a melt temperature of 720 o C and 
stirring speed of 600 rpm.

3.	 The increase in SiC reinforcement and melt temperature 
lead to an increase in hardness of composites obtained. 
Addition of 2–6 wt.% of SiC contributed to the increase 
of AS21 alloy hardness by 10.67% and 28.35% respec-
tively. The optimum condition to attain highest hardness 
in AS21/SiC composites could be estimated as 6 wt.% 
of SiC, melt temperature at 720 o C and stirring speed 
of 500 rpm.

4.	 The effect of SiC reinforcement on tensile strength of 
AZ21 alloy was revealed. Addition of 2–6 wt.% of SiC 
contributed to the increase of AS21 alloy strength by 
11.06% and 28.92% respectively. The optimum condi-
tion to attain highest tensile strength in AS21/SiC com-
posites could be estimated as 6 wt.% of SiC, melt tem-
perature at 720 o C and stirring speed of 600 rpm.
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