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Abstract 
 
There is growing interest in developing more advanced materials, as conventional materials are unable to meet the demands of the 
automotive, aerospace, and military industries. To meet the needs of these sectors, the use of advanced materials with superior properties, 
such as metal matrix composites, is essential. This paper discusses the evaluation of microstructural and mechanical properties of 
conventional eutectic EN AC-AlSi12CuNiMg aluminum alloy (AlSi12) and advanced composite based on EN AC-AlSi12CuNiMg alloy 
matrix with 10 wt% SiC particle reinforcement (AlSi12/10SiCp). The microstructure of these materials was investigated with the help of 
metallographic techniques, specifically using a light microscope (LM) and a scanning electron microscope (SEM). The results of the 
microstructural analysis show that the SiC particles are uniformly distributed in the matrix. The results of the mechanical tests indicate that 
the tensile properties and hardness of the AlSi12/10SiCp composite are significantly higher than those of the unreinforced eutectic alloy. For 
AlSi12/10SiCp composite, the tensile strength is 21% higher, the yield strength is 16% higher, the modulus of elasticity is 20% higher, and 
the hardness is 11% higher than unreinforced matrix alloy. However, the unreinforced AlSi12 alloy has a percentage elongation that is 16% 
higher than the composite material. This shows that the AlSi12/10SiCp composite has a lower ductility than the unreinforced AlSi12 alloy. 
The tensile specimens of the tested composite broke apart in a brittle manner with no discernible neck development, in contrast to the matrix 
specimens, which broke apart in a ductile manner with very little discernible neck formation. 
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1. Introduction 
 
Aluminum alloys have been widely used in various industries, 

mainly in the automotive and aerospace sectors [1–3], due to their 
properties such as low density, thermal conductivity, stiffness, 
higher corrosion and wear resistance, formability, and low 
coefficient of thermal expansion [4]. In the automotive industry, 
engine parts, such as cylinder heads and pistons, are generally made 
of Al-Si alloys. These parts are often subjected to high 

temperatures and stress variations due to the conversion of 
chemical energy into mechanical energy [5]. At elevated 
temperatures, the mechanical properties of the Al-Si alloy 
deteriorate and reduce the performance of the structure [6,7]. 
Therefore, it is essential to enhance the mechanical properties of 
Al-Si alloy and increase its resistance to temperature and load 
variation for this type of application. Reinforcing the alloy with a 
suitable reinforcement material is one way to enhance the material's 
mechanical properties. It provides additional strength and stability 
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to the alloy, making it more resistant to temperature and stress 
variations. 

Silicon carbide (SiC) and aluminum oxide (Al2O3) are 
inexpensive reinforcement materials commonly used to reinforce 
aluminum alloys. Other ceramic particles such as silicon oxide 
(SiO2), titanium carbide (TiC), titanium diboride (TiB2), aluminum 
nitride (AlN), zirconium diboride (ZrB2), and silicon nitride (Si3N4) 
are also used to reinforce the aluminum alloy [8–10]. These 
ceramic phases are very durable and hard. Due to their low density 
and strong specific mechanical properties, aluminum matrix 
composites (AMCs) reinforced with SiC particles are among the 
most favorable materials for lightweight applications. Compared to 
unreinforced aluminum alloys, SiC-reinforced aluminum matrix 
composites exhibit higher strength, stiffness, creep resistance, and 
wear resistance [11–15]. Due to their favorable properties, SiC-
reinforced aluminum matrix composites are gradually replacing 
traditional aluminum alloys in many applications involving 
operation under complex and harsh conditions [10,16]. 

Efficient processing techniques enhance a uniform dispersion 
of SiC particles and a strong interfacial bonding between the 
reinforcement material and the matrix [8,17,18]. Two main 
processing techniques used to fabricate AlMC materials are melt 
metallurgy (liquid state) and powder metallurgy (solid-state) 
[8,19]. The melt metallurgy category involves the incorporation of 
preheated reinforcements into the molten metal matrix, followed 
by an appropriate mixing method and casting process [20]. This 
process includes several methods, such as stir casting [21,22], 
squeeze casting [23], and centrifugal casting [24]. In melt 
metallurgy processes, the wetting of reinforcing material by the 
molten matrix material plays a crucial role in achieving good 
mechanical properties [19]. 

On the other hand, powder metallurgy involves the compaction 
and sintering of powdered matrix and reinforcement materials to 
form a solid composite with desired mechanical properties [25,26]. 
Each manufacturing technique has its advantages and limitations in 
terms of cost, production efficiency, and the ability to modify the 
microstructure and properties of AMCs. For example, powder 
metallurgy (solid-state) confers favorable mechanical properties to 
AlMC. However, this production technique is characterized by its 
high cost and unsuitability for large-scale manufacturing [27,28]. 
Melt metallurgy (liquid state) is preferred for fabricating AMCs 
because of its simplicity, cost-effectiveness, ease of adaptation, and 
suitability for large-scale manufacturing [29]. 

Among various liquid-state processing techniques, the stir-
casting process is the most widely used method for producing 
AMCs [30]. The stir-casting process involves stirring molten metal 
with reinforcement particles to distribute them homogeneously in 
the matrix material. The stirring action of this technique improves 
the bond between the metal matrix and the reinforcing particles, as 
indicated by previous studies [31–33]. In the overall procedures of 
stir casting manufacturing, it is essential to consider the numerous 
factors that can adversely affect the mechanical properties of 
AMCs. These factors, including porosity, undesirable chemical 
reactions, poor wettability of reinforced particles with the molten 
metal, etc., can negatively affect the composite's mechanical 
properties [34]. The presence of non-uniformly distributed SiC 
particles in the matrix can lead to the formation of defects, i.e., the 
accumulation of particles in certain regions. These defects can 
reduce the tensile strength, ductility, fatigue strength, hardness, and 

toughness of the composite material [30,35]. In addition, the 
presence of porosity in AMCs can lead to a decrease in density and 
an increase in vulnerability to crack propagation. On the other 
hand, insufficient wettability between the reinforced particles and 
the molten metal can lead to inadequate bonding, thus decreasing 
the load transfer capacity between the SiC particles and matrix and 
the overall mechanical performance of the composite. 

Numerous studies have incorporated silicon carbide (SiC) 
particles as a reinforcing material within an aluminum matrix 
composite. Tamer Ozbenet et al. [36] investigated the mechanical 
and machining properties of an aluminum matrix composite (Al-
MMC) fabricated with silicon carbide (SiC) particles. The AMC 
material showed an improvement in tensile strength, hardness, and 
density with an increasing reinforcement ratio. However, a 
corresponding drop in impact toughness was observed in their 
study. In their study, Ozden et al. [37] examined the impact 
behavior of particle-reinforced aluminum matrix composites 
(AMC) made of aluminum (Al) and silicon carbide (SiC) at 
different temperatures. The particle clustering, particle cracking, 
and poor bonding between matrix and reinforcement significantly 
influence the impact behavior of the composites. These results 
imply that temperature variations do not significantly affect the 
impact behavior of aluminum matrix composites. 

Shuvho et al. [38] studied the mechanical behavior of an 
aluminum matrix composite reinforced with SiC, Al2O3, and 
TiO2. Their study revealed that the reinforced aluminum matrix 
composite exhibits higher hardness, tensile strength, and yield 
strength than the base alloy. Zhang Peng et al. [39] investigated the 
impact of particle clustering on the mechanical response of 
aluminum matrix composites. The authors suggest that elastic 
deformation is less sensitive to clustering than plastic deformation 
and that early clustering promotes interface disconnection and void 
formation. 

Pawar et al. [17] studied the mechanical properties of 
aluminum matrix composites reinforced with silicon carbide 
(AMC) particles to fabricate power transmission elements, such as 
gears, which are subjected to a continuous load. The authors used 
two manufacturing methods, i.e., casting and powder metallurgy. 
They presented that powder metallurgy is better for achieving 
uniform distribution of reinforcement particles but is not as 
economical as the casting method. 

Studying the mechanical properties of AMMC at elevated 
temperatures is essential to understanding its behavior under 
various operational conditions during its use [40]. However, few 
studies have been reported on the tensile properties of 
AlSi12/10SiCp composites at elevated temperatures. In this work, 
the tensile properties of EN AC-Al Si12CuNiMg alloy and 
AlSi12CuNiMg/10SiCp composite were investigated at room 
temperature and elevated temperatures ranging from 150 °C to 350 
°C. The effect of temperature on tensile properties was described. 
The fracture behavior of the composite at elevated temperatures has 
also been studied. In addition, this article presents the 
microstructure of the AlSi12CuNiMg alloy and the 
AlSi12CuNiMg/10SiCp composite. 
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2. Materials and Methods 
 

In this study, eutectic EN AC-AlSi12CuNiMg aluminum alloy 
(AlSi12) was used as the matrix material and 10 wt% SiC particles 
were used as the reinforcement. The chemical composition of the 
investigated matrix alloy was measured by optical emission 
spectroscopy (OES) and presented in Table 1. 

The aluminum ingot was initially melted in a furnace. The 
temperature of the resistance furnace was set at 720 °C. When the 
desired temperature was reached, a constant volumetric flow of 2 
l/min of argon gas was used to prevent the aluminum alloy from 

chemically interacting with the oxygen and nitrogen in the air. A 
trowel was used to gently remove the slag. The SiC reinforcement 
particles were then weighed according to the specifications of the 
experiment and preheated to 600 °C in a preheating chamber. 
Preheating was carried out to ensure proper mixing of the 
reinforcement, to remove moisture and air trapped between the 
reinforcement particles, to reduce the temperature gradient between 
the reinforcement particles and the molten alloy, and to remove 
impurities from the reinforcement particles. The mixture was then 
poured into a mold and cooled before removing the samples. 

 
Table 1. 
The determined chemical composition of eutectic EN AC-Al Si12CuNiMg alloy matrix (wt%) 

Fe  Si Cu Mg Zn Mn Ti Ni Al 

0.4 11.4 1.27 1.24 0.18 0.18 0.04 1.48 rest 
 
 

2.1. Microstructure Observation 
 
Both the matrix alloy and the composite were subjected to 

microstructure studies. Metallographic samples were taken from 
the cast aluminum alloy and the composite. A standard 
metallographic procedure was used to polish the samples. 
Waterproof SiC emery papers with grit sizes up to 2000 were used 
to polish the surface of the samples. Then, polishing was continued 
using a 3 µm and 1 µm diamond suspension on a disc polisher until 
a mirror-like surface was obtained. This was done to allow for 
better microstructural observation. A light microscope (LM) and a 
scanning electron microscope (SEM) working with an X-ray 
spectrometer (VP S-3600N HITACHI, EDS from THERMO 
NORAN) were used to perform microstructural analysis. 
 
 
2.2. Mechanical Properties: uniaxial tensile and 
hardness test 

 
A uniaxial tensile test was performed to determine the basic 

mechanical properties of the fabricated cast alloy and its 
composites. Tensile test specimens with dimensions of 60 mm in 
length and 10 mm in diameter were cut from the cast eutectic alloy 
and AlSi12/10SiCp composite. Using the Zwick/Roel Z100 
universal testing machine, these specimens were subjected to 
tensile tests in accordance with ISO 6892-1. Figure 1 shows the 
tensile test set up during the elevated temperature tensile test. 
During the load application, data on the specimen's elongation was 
recorded with the help of a clip-on extensometer that was placed in 
the elastic zone. The strain rate was held constant at 0.0067 1/s 
throughout all the tests. The specimens were loaded in a uniaxial 
direction with a tensile force until they fractured. The data on load 
elongation was recorded with the help of the TestXpert software. 
An average of five results was taken as the results of each tensile 
test result. Finally, the tensile properties of conventional aluminum 
alloys and AlSi composite were analysed. The prepared tensile 
specimens are shown in Figure 2. 

 
Fig. 1. Tensile test setup 

 

 
Fig. 2. Tensile specimens 

 
In accordance with the standard test method ISO 6506-1, an 

axial load of 2450 N was applied for 15 seconds using a Brinell 
hardness tester to measure the hardness of the aluminum alloy as 
well as prepared composite. Figure 3 shows the hardness 
specimens. 
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Fig. 3. Specimens for the hardness test 

 

  

           
Fig. 4. LM images of the EN AC-Al Si12CuNiMg alloy at 

different magnification 
 
 

3. Results and Discussion 
 
 
3.1. Microstructure of the matrix EN AC-
AlSi12CuNiMg alloy 
 

The LM and SEM micrographs of the investigated cast EN AC-
AlSi12CuNiMg alloy are shown in Figures 4 and 5 respectively. 

To determine chemical composition of microstructural components 
in AlSi12 alloy, the point analysis was performed. Example results 
of EDS diagrams and quantitative point analysis of chemical 
composition for individual microstructure components of the base 
eutectic Al-Si alloy are presented in Figure 5. As it can be seen, the 
microstructure of the base AlSi12 eutectic alloy consists mainly of 
the primary phase (αAl), needle-like αAl+βSi eutectic mixture (its 
amount depends on the Si content in the Al alloy), and plate-like Si 
primary crystals in the shape of polyhedrons. Moreover, the 
presence of the Cu, Mg, Ni, Mn, and Fe elements results in the 
formation of various intermetallic compounds correlated with the 
chemical composition of the eutectic Al-Si alloy. The Al2Cu and 
Mg2Si phases and more complex compounds in different systems 
like Al-Ni-Cu, Al-Fe-Si Al-Fe-Mn-Si, were identified in the 
microstructure. The morphology of Si phases can change after 
modification and heat treatment. In addition, the cooling rate 
influences the microstructural composition's size, morphology and 
distribution, including intermetallic phases. 

 

 

 

Fig. 5. SEM micrographs of the EN AC-Al Si12CuNiMg alloy at 
different magnification 
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3.2. Microstructure of the EN AC-Al 
Si12CuNiMg -10 wt% SiC composite 
 

The micrographs of the EN AC-Al Si12CuNiMg/SiC 
composites are shown in Figures 3 and 4. The microstructure of the 
AlSi composite consisted of several phases, including matrix-Al, 
Si and intermetallic phases. The intermetallic phases were formed 
by the combination of Mg, Ni, Fe, Cu, and Al, which significantly 
improved the base alloy's high-temperature properties [41,42].  

The SiC particles appear as dark spots and are uniformly 
dispersed throughout the aluminum matrix. Some porosity could be 

observed around the structures of reinforcement particles. The 
eutectic Si phase was heterogeneously nucleated in the form of 
needles on the surface of the reinforcement, as shown in Figures 6 
and 7 and mentioned in reference [16]. Due to the formation of 
intermetallic compounds at the interface, the SiC particles are also 
observed to have a strong bond with the aluminum matrix, as stated 
in the literature [43]. The added SiC particles significantly affect 
the grain refinement of the base alloy. This is because the grain size 
of the (Al) + (Si) eutectics is noticeably finer than that of the base 
alloy. 

 

 
 

 
 

Fig. 6. LM micrographs of the AlSi12CuNiMg/SiCp composite 

 
 

 
Fig. 7. SEM micrographs of the EN AC-Al Si12CuNiMg/SiC 

composite at different magnification 
 

 
3.3. Mechanical properties - tensile properties 
and hardness measurement 

 
The addition of 10 wt% of SiC particles have a substantial 

impact on the tensile properties of the produced composites. 
Therefore, it is important to test materials at room and elevated 

temperatures. Table 2 shows the test results of the EN AC-Al 
Si12CuNiMg alloy and SiC-reinforced composite at room 
temperature. The room temperature tensile test results show that 
SiC-reinforced composite has a higher base tensile strength than 
non-reinforced alloys. The yield strength, ultimate tensile strength, 
and modulus of elasticity of SiC-reinforced composites are 17%, 
20%, and 6% higher than those of the unreinforced alloy.
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Table 2.  
Tensile properties of EN AC-Al Si12CuNiMg alloy and AlSi composite determined at room temperature 

Materials Yield Strength (MPa) Tensile Strength (MPa) Young Modulus (GPa) Elongation (%) 
EN AC-Al Si12CuNiMg 120 ± 6 140 ± 12 73 ± 5 0.57 ± 0.1 
AlMMC 145 ± 8 175 ± 8 78 ± 4 0.5 ± 0.12 

Change (%) >17 > 20 >6 <20 
 

The excellent interfacial bonding between the matrix and the 
reinforcement could be a reason to improve the tensile properties 
of the composites. On the other hand, the EN AC-Al Si12CuNiMg 
alloy showed a 20% higher percentage elongation. This implies that 
the SiC-reinforced composite has a low ductility compared to the 
matrix alloy. 

Figure 8 shows the tensile strength of both the EN AC-Al 
Si12CuNiMg alloy and its composite at various temperatures. The 
values presented are the average of three test results with their error 
bars. The graph clearly shows the decrease in tensile strength with 
increasing temperature. For example, the tensile strength of EN 
AC-Al Si12CuNiMg alloy at normal temperature is 140 MPa, but 
at 150 °C and 200 °C, it decreases to 125 MPa and 120 MPa, 
respectively. From normal temperatures to 150 °C and 200 °C, the 
tensile strength decreases by about 5% and 15%, respectively. In 
addition, the tensile strength of the matrix alloy decreases by 20-
50% for the temperature ranges between 250 and 350 °C. In the 
case of the composite material, the tensile strength decreased by 
about 3-6% for the temperature ranges of 150-200 °C compared to 
the result at normal temperature. However, for the temperature 
ranges between 150 and 350 °C, the tensile strength of the 
composite was reduced by about 17% to 50%. This shows that the 
decrease in tensile strength at low and moderate temperatures is 
negligible; however, when the temperature exceeds 250 °C), both 
materials' tensile strength deteriorates significantly. 

The strength of the composite decreases with increasing 
temperature similar to that of an unreinforced aluminium alloy. 
This is likely because the matrix material becomes softer at high 
temperatures, which reduces its capability to support the 
reinforcing particles.  Additionally, as the temperature increases, 
more atoms diffuse within the material, causing decreased cohesion 
between the matrix and reinforcement. This leads to a decrease in 
the strength of the composite material because the bonding between 
the two components weakens at elevated temperatures. These 
factors combined lead to a decrease in the strength of the AMM 
(Aluminium Matrix Material) composite material to a similar 
extent as the unreinforced aluminium alloy. 

Figure 9 shows a plot of the yield strength and fracture strain 
of the SiC-reinforced composite and the unreinforced alloy vs. 
temperature. The average values of the three test results are shown 
in this graph. The yield stress was reduced by 8% from normal 
temperature to 200 °C in the case of the EN AC-Al Si12CuNiMg 
alloy. At 350 °C, however, it dropped by about 50%. In the case of 
EN AC-Al Si12CuNiMg/10%SiC composite, it was dropped by 
4% from its normal temperature to 200 °C. But it dropped by about 
40% at 350 °C. This implies a rapid decrease in the yield strength 
of both the matrix alloy and composite at temperatures above 200 
°C. 

On the other hand, the fracture strain of the EN AC-Al 
Si12CuNiMg alloy increases rapidly for temperatures above 200 
°C, while the fracture strain of the composite increases slowly. This 

relates to the ductility properties of the EN AC-Al Si12CuNiMg 
alloy and the composite. The unreinforced alloy has a higher 
fracture strain at both low and elevated temperatures. The ductility 
of both the unreinforced alloy and the composite increases with 
temperature. 

 

 
Fig. 8. Tensile strength of EN AC-Al Si12CuNiMg alloy and 

composite at various temperatures 
 

 
Fig. 9. Yield strength and fracture strain of EN AC-Al 

Si12CuNiMg alloy at various temperatures 
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Fig. 10. Young modulus of EN AC-Al Si12CuNiMg alloy and 

composite at various temperatures 
 

Young's modulus can be used to measure the resistance of 
materials to axial deformation. The operating temperature of 
materials can have an impact on Young's modulus. Figure 10 shows 
how temperature affects the Young's modulus of the matrix alloy 
and the SiC-reinforced composite. The average Young's modulus 
of the three test results was plotted against temperature. The study 
shows that Young's modulus of the EN AC-Al Si12CuNiMg alloys 
increases from room temperature up to about 200 °C and then starts 
to decrease as the temperature increases. The same pattern was 
observed for the SiC-reinforced composite. The SiC-reinforced 
composite exhibited a more significant decrease in Young's 
modulus over a higher temperature range than the EN AC-Al 
Si12CuNiMg alloy. 

Figure 11 shows the average hardness value of the five test 
results with their error deviation. It is observed that there is a 
remarkable improvement in the hardness of the composite when 
compared with EN AC-Al Si12CuNiMg alloy. An improvement of 
15% is observed in the hardness of the composite when compared 
with the unreinforced alloy. The strong bond between the matrix 
material (AlSi12CuNiMg) and the silicon carbide (SiC) particles 
could be the reason for the increased surface hardness value of the 
composite specimens. SiC, a hard reinforcement, renders the 
inherent property of hardness to the matrix material, thereby 
enhancing its resistance to deformation. It is an experimentally 
proven fact that the hardness of the matrix material can be 
improved significantly by adding hard reinforcement into a soft 
ductile matrix material like aluminum alloy [44]. The hardness 
behavior of composite is also affected by grain refinement of 
matrix alloy and fine and even distribution of reinforced particles. 
Reduction in grain size always enhances the hardness of the 
composites. The smaller the grain size, the higher the obstructions 
for dislocation motion, thereby improving the resistance to plastic 
deformation, resulting in increased hardness [45]. This 
characteristic of SiC could be the cause of the increased hardness 
of the composite specimens. 

 

 
Fig. 11. Brinell hardness number (BHN) for unreinforced alloy 

and composite  
 
 
3.3. Tensile Fractography 
 

Fractographic analysis of the matrix alloy and composite 
material was carried out for tensile fracture tested at various 
elevated temperatures. Figure 12 shows the EN AC-Al 
Si12CuNiMg alloy fractographies at various temperatures. The 
result showed that the test temperature directly influenced the 
fracture behavior of the matrix alloy and composite material. The 
room temperature tensile fracture of the matrix alloy shows small 
dimples and a few cleavage planes, indicating the semi-brittle 
behavior of the matrix alloy. However, as the temperature increases 
from room temperature to 150, 250, and 350 °C, the size of the 
dimples increases, and the fracture surface of the matrix alloys 
changes from semi-brittle to ductile. The presence of larger dimples 
on the fracture surface indicates larger plastic deformation during 
fracture. 

 

  
      a)                                                 b) 

  
      c)                                                d) 
Fig. 12. Fractography of matrix alloy specimens tested at a) room 

temperature, b) 150 °C, c) 250 °C, and d) 350 °C 
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On the other hand, the fracture properties of the composite 
material depend on the properties of the reinforcement, matrix, and 
interface, as well as on the test temperature. Figure 13 shows the 
fractographies of the composite at various temperatures. 
Fractographic observation shows that the composite material 
exhibits a brittle fracture mode at room temperature, with a fracture 
surface characterized by cleavage planes. This is due to the 
presence of the SiC particle reinforcement, which is very hard and 
brittle. Since the alloy is semi-ductile at room temperature, the 
crack can initiate at the interface between the matrix and the 
reinforcement and propagate through the reinforcement. As the 
temperature rises from room temperature to 150 °C, 250 °C, and 
350 °C, the fracture mode becomes semi-ductile. This is because 
the matrix alloy becomes more ductile at higher temperatures, 
allowing cracks to propagate more slowly. The degree of plastic 
deformation of the composite material also increases with 
temperature.  

 

  
a)                                              b) 

  
      c)                                                 d) 

Fig. 13. Fractography of the composite specimens tested at a) 
room temperature, b) 150 °C, c) 250 °C, and d) 350 °C 

 
 
4. Conclusions 
 

In this study, the structure and mechanical properties of EN 
AC-Al Si12CuNiMg alloy and EN AC-Al Si12CuNiMg 10 wt% 
SiC composite materials produced by stir casting were 
investigated. Optical and SEM analyses showed that the 
composites had a more refined microstructure, a clear interface, 
and a good bond between the matrix and reinforcement. The SiC 
particles were uniformly distributed in the matrix. These contribute 
to the improvement of the mechanical properties of the composite, 
as observed during the mechanical properties test. Tensile test 
results showed that the composite material has higher tensile 
strength and yield strength, a higher Young's modulus, and lower 
ductility than an unreinforced alloy. A considerable improvement 
in the hardness of the composite by 20% compared to the 
unreinforced alloy was also observed. This indicates that 
reinforcement with SiC particles significantly improves the overall 
mechanical properties of the composites, except ductility, 

especially at elevated temperatures. As a result, reinforced 
composites can be used in applications that require high strength in 
harsh environmental conditions, replacing unreinforced alloys. For 
example, the ability of SiC-reinforced composites to maintain their 
mechanical properties at elevated temperatures also makes them 
suitable for use in high-temperature applications, such as engine 
components in the aerospace and automotive industries. The 
fractographic investigation also shows that the composite material 
exhibits a smaller dimple size than the unreinforced material. The 
smaller dimple size observed in the composite material implies a 
lower degree of ductility than the unreinforced alloy. This could be 
due to a strong bond between the matrix and the reinforcement, 
which prevents plastic deformation. 
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