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Owing to their high strength-to-weight ratio, aluminum-ceramic composites, are widely used in various 

industries. In this study, aluminum matrix composite was fabricated with only 2 wt% micron-sized SiC 

particles as the reinforcing phase using electromagnetic stir casting. Prior to mixing, the surface of SiC 
particles were chemically etched by HF, NaOH, and KOH at two heat treatment temperatures of 460 and 

510 °C for 30 min. The obtained results indicated better wettability and interaction between the etched SiC 

particles and Al matrix. In addition, etched SiC particle as a ceramic phase at 460 °C enhanced the 
mechanical properties of Al as a metal matrix, such as enhancing hardness and E about of 6.6 and 26.6%, 

respectively, mainly due to the increasing inhibition against movement of dislocation confirmed by the 

observed brittle behavior of fracture surface. 
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1. INTRODUCTION 
 

In the past few decades, numerous studies have 

investigated the production of low-cost, lightweight 

metal matrix composites. To this end, aluminum and its 

low-density alloys were used as matrix materials with 

several carbon and ceramic particles as the reinforcing 

materials [1-5]. Among metal matrix composites, 

Aluminum Metal Matrix Composites (AMMCs) have 

received significant attention in recent years. They are 

used in the aerospace (e.g., aircraft parts), automobiles 

and electronics industries, mainly due to their 

lightweight, low coefficient of Thermal Expansion 
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(CTE), good machinability and enhanced mechanical 

properties including 0.2% Yield Stress (YS), Ultimate 

Tensile Stress (UTS) and stiffness [6-13]. Metal Matrix 

Composites (MMCs) are the combinations of both metals 

(ductility and toughness) and ceramic properties 

(strength and high module). Among famous metal matrix 

composites, aluminum matrix composites along with 

reinforcing materials such as Al2O3, B4C, SiC and TiC 

improved their mechanical properties, and increased the 

strength-to- weight ratio. Development of SiC reinforced 

aluminum matrix composites has drawn considerable 

attention due to their lightweight, toughness, suitable 

elastic module, high erosion resistance, low thermal 
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expansion coefficient and variety of fabrication methods 

[14,15]. 

There are various composite processing methods, 

which can be used to make the composite such as die-

casting, stirrer casting, semi-solid formation, spray 

formation and powder metallurgy [10,16,17]. Among 

these methods, stirrer casting (vortex method) is 

commercially considered as a low-cost method for 

making AMMC, owing to its simplicity, flexibility, and 

application in high volume production. Among all 

available AMMC production routes, stirrer casting is the 

most cost-effective one that and allows industries to 

produce huge components. Generally, in order to obtain 

AMMC through casting, the following criteria should be 

taken into consideration: good chemical reaction between 

reinforcement and matrix alloy, low porosity in the found 

AMMCs, high wettability between reinforcement and 

matrix alloy, and uniform distribution of the 

reinforcement particles. Wettability and reactivity 

between the metal matrix and ceramic particles 

determine the quality of the bonding materials [18-25]. 

Two parameters, namely volume fraction and particle 

size of the reinforcing particles, can singinficantly affect 

the performance of reinforcing particles. Upon increasing 

the volume fraction particles, the strength increases due 

to more dislocation barriers; however, the ductility 

decreases, because the deformation is localized on a 

smaller volume of the plastic matrix, thus leading to its 

failure to deform [26]. 

In the stir casting process, the resulting vortex pulls 

reinforcing particles into the matrix, which the particles 

may cluster before entering the melt on the surface of the 

vortex and may be transferred to a relatively stagnant area 

and appear as a cluster in the casting structure [27]. 

Sharma et al. [28] used the optimization method to 

analyze the distribution index of ceramic particles in 

aluminum and the stirring casting parameters such as 

stirring speed, furnace temperature and preheating 

temperature were also examined using surface response 

method optimization. Suthar et al. [29] mentioned some 

cases such as porosity, wettability, chemical reactions 

and particle distribution. These problems were solved by 

optimizing the stirrer casting parameters. In addition, 

Sahu et al. [30] used gray relationship analysis to study 

processing parameters such as friction factors, load and 

aspect ratio in cold disturbance. Dutta et al. [31] 

evaluated the parameters of the agitator casting process 

to achieve effective reinforcing particles. It was observed 

that stirring time and processing temperature have 

important effects on mechanical properties (elastic 

modulus and inhibition) and microstructure of 

composites, and Kumar et al. [32] analyzed the 

mechanical behavior of metal matrix composites by 

changing the composition of the reinforcements. 

In this study, the metal matrix composite of Al A357 

alloy and micro-sized SiC particles was fabricated using 

magnetic stir casting. The main novelty of this article is 

related to improve wettability between the matrix and 

reinforcement particles, which the SiC powder was 

etched by NaOH-HF and KOH solutions for better 

wettability and distribution, thus enhancing uniform 

microstructure and mechanical properties of Al-SiC 

composite. To meet all of the mentioned criteria, the 

reaction between the metal matrix and ceramic phases is 

critical. In this regard, just 2 wt% SiC powder is used as 

the reinforcement phase because the machine cannot stir 

heavier weight well. However, obtaining uniform 

microstructure, low volume of defects and agglomerated 

ceramic particles, and high mechanical properties gains 

significance in fabricating metal matrix composites, 

evaluated systemically using XRD, SEM, and hardness 

and tensile tests. 
 
 

2. MATERIALS AND METHODS 
 

Table 1 presents the chemical composition of Al357, 

according to magnesium conatnied in this aluminum 

alloy contributes to the wettability and distribution of 

reinforcing particles. The SiC powder as a ceramic part 

with the particle size of 37-100 µm, was used for 

fabrication of metal matrix composite. To improve the 

wettability and proper distribution of SiC particles in the 

Al matrix in this study, chemical etching of SiC powder 

was conducted using HF, NaOH solution, and KOH 

powder based on the following instructions [23-25]: first, 

HF chemical etching was carried out using 10 g SiC 

powder in 10 mL HF for 2h at 40 °C; then the powder 

was filtered and placed in an oven at 100 °C for 2h. 

Second, the obtained powder was added to the stirred 

NaOH solution and dried at 100 °C for 2h. Third, SiC 

powder and KOH with the ratio of 70:30% were placed 

in an electric furnace (Azar furnace) at two different 

temperatures of 460 and 510 °C for 30 min. Then, the 

powders were taken out of the furnace, rinsed with 

distilled water until the pH reached the value of 7, and 

dried at room temperature (25 °C). 
 

TABLE 1. Chemical composition of Al 357 alloy (wt%) 

Ti Zn Mg Mn Cu Fe Si Al 

0.2 0.05 0.45-0.6 0.03 0.05 0.15 6.5-7.2 Bal. 

 

Firstly, the SiC particles were preheated to 80 °C to 

completely remove the moisture content, and then the 

SiC reinforcement particles were gradually added to 

molten alloy. In the casting stage, 2 wt% etched SiC 

powder and A357 alloy were placed in a fireclay crucible, 

in an electromagnetic furnace at a temperature of 780 °C, 

mixer current of 60 mA, and pressure of 8 mtorr (Figure 

1). The melting and mixing times were 45 and 30 

minutes, respectively, and the casting temperature was 

690 °C; then, the molten was poured into the mold to 

make the sample for analysis.  
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The phase, structure, chemical composition, and 

microstructure of the coatings were determined by X-Ray 

Diffraction (XRD; Philips PW-1800 X-ray 

diffractometer; Cu Kα λ = 0.154056 nm), Scanning 

Electron Microscopy (VEGA\\TESCAN-XMU), and 

Energy-Dispersive X-ray Spectroscopy (EDS). In 

addition, hardness test was carried out using D1A 

InstronWol Pert under 62.5 lb in the 20s, and tensile test 

was done using STM-20, where the samples were 

fabricated according to ASTM E8. 

 

Figure 1. A schematic of the electromagnetic stir casting 

 
 

3. RESULTS AND DISCUSSION 
 

According to the XRD patterns of green SiC powder, 

and etched SiC powder to two temperatures of 460 °C 

and 510 °C in Figure 2, according to the JCPDS card No. 

29-1129, all the major peaks belong to SiC with silicon 

carbide and moissanite structure. Here, the XRD of 

etched SiC powders indicate some peaks of SiC were 

disappeared, and changed into SiO2 with a quartz 

structure at 66.47° and 76.38°, and confirm the etching 

process led to change the phase surface properties of SiC 

powders, for enhancing wettability and interaction 

between ceramics powder and metal matrix [33,34]. 
 

 
 

 

Figure 2. XRD patterns of unetched SiC, etched SiC at 460 and 

510 °C 

Figure 3 depicts the Back-Scattered Electrons (BSE) 

images of Al357, Al- un-etched SiC metal matrix 

composite (AS), and Al-etched SiC metal matrix 

composite at two different heat treatment temperatures in 

the etching process. The BSE images indicate that the 

wettability between the un-etched SiC powder and Al 

melting is not suitable and the particles still exist on the 

sample surface (Figure 3c and d). However, the etching 

of SiC powder causes accumulation of SiC particles in 

some parts of the Al- etched SiC composite, hence good 

distribution of SiC particles on the samples, etched at 460 

°C rather than 510 °C. These microstructural properties 

of Al-etched SiC composite are in agreement with the 

results of obtained by Amirkhanlou et al. [33], Song [16] 

and El-Sabbagh et al. [17]. Figure 4 presents the 

secondary electron image of the sample etched at 460 °C 

to provide a better understanding of the surface of Al- 

etched SiC composite, demonstaring the proper reaction 

and relation interface between SiC particle and Al matrix, 

that includs more than 90% Al with silicon, magnesium 

and iron, respectively for particle B, which was placed 

next to the particle A. Part C, which is marked in white, 

presents the Al-Fe-Si phase. 

Table 2 summarizes the mechanical properties of the 

samples, determined by tensile tests. The obtianed results 

indicated that some defects such as pores and holes could 

be eliminated through Ultimate Tensile Strength (UTS). 

The ultimate strength of thesamples etched for 30 min at 

460 °C was higher than that of other samples, which heat 

treated at 510 °C. However, all the strength values were 

lower than those of the Al- unetched SiC composite. Such 

a low strength value would cause defects such as cavities 

and pores on the surface of the samples; this finding is in 

agreemnet with the results obtained by Lioyd et al. [15] 

and Balaji et al. [34]. Actually, understanding of the mam 

sources of the porosity could be helpful in avoiding or 

decreasing porosity and defect of casting. In general 

porosity arises from three causes, firstly, gas entrapment 

during stirring, secondly, hydrogen evolution, and 

finally, shrinkage during solidification. However, the 

better interface reaction between the Al matrix and 

etched SiC at 460 °C, could cause more shrinkage during 

solidification and hydrogen evolution [35], which need 

more detailed research about this phenomenon. In 

addition, the hardness of Al- unetched SiC composite is 

56.8 BHN, which is similar to Al 357. However, the 

etching process can enhance the hardness of Al- etched 

SiC composite, which can be related to much wettability 

and the interaction between SiC particle and Al matrix. 

This result indicates a 12% increase in hardness by 

adding the SiC particles from 0 to 5%. Of note the 

maximum E belongs to Al- etched SiC composite heat-

treated at 460 °C. Totally, the obtanied results confirmed 

that the etching SiC particle at 460 °C exhibits better 

mechanical properties than other samples. 
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TABLE 2. Mechanical properties such as Ultimate Tensile 

Strength, Brinell Hardness and Young’s Modulus values of Al 

357, Al- unetched SiC composite (AS), and heat treated Al-

etched SiC composite at 460 °C and 510 °C 

510 °C 460 °C AS Al 357 Mechanical test 

181.06 191.35 201.37 181.4 
Ultimate Tensile 

Strength (MPa) 

61.1 60.54 56.8 56.8 
Brinell Hardness 

(BHN) 

13.064 15.912 12.570 14.907 
Young’s modules 

(MPa) 

 

 

Figure 3. BSE image of, a) Al 357 b) Al-un-etched SiC 

composite, and heat treated Al- etched SiC composite at  

c) 460 °C, and d) 510 °C 

 

 

Figure 4. SEM image and EDX results of heat treated  

Al- etched SiC composite at 460 °C 

In order to better study the mechanical behavior of Al- 

SiC composite, the fracture surface of samples after 

tensile test were observed through the SEM image 

(Figure 5). Obviously, the Al- etched SiC composite, 

heat-treated at 460 °C, exhibits brittle behavior compared 

to other samples, mainly due to more distribution of 

etched SiC particles in the Al matrix. In fact, SiC as a 

ceramic phase enhances the mechanical properties of Al 

as a metal matrix due to increased inhibition against the 

movement of dislocation. This finding is consistent with 

the results of such researches as Dong et al. [26], Cioffi 

et al. [36] and Li et al. [37]. 

 

 

Figure 5. SEM images from the fracture surfaces of,  

a) Al 357 b) Al-unetched SiC composite, and heat treated Al- 

etched SiC composite at c) 460 °C, and d) 510 °C 

 

 

4. CONCLUSION 
 

In this study, micron-sized SiC particles were 

incorporated into a melt of pure aluminum using etching 

particles in HF, NaOH Solution and KOH powder to 

improve the wettability and interaction between SiC and 

Al matrices and fabricate aluminum matrix composite 

due to changes in the phase surface properties of SiC 

powders to SiO2 phase, as well as good distribution of 

SiC particles at heat treatment temperature of 460 °C. 

According to the finding, the ultimate strength of samples 

etched for 30 min at 460 °C is higher compared to other 

samples, heat treated at 510 °C, and etched SiC particle 

as a ceramic phase at 460 °C enhanced the mechanical 

properties of Al as a metal matrix (enhancing hardness 

and E about 6.6 and 26.6%, respectively), due to 

increased inhibition against movement of dislocation. 

The fracture surface of the Al- etched SiC composite is 

heat treated at 460 °C, exhibits brittle behavior rather 
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than other samples, that can be related to more 

distribution etched SiC particles in the Al matrix. 
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