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Abstract  Inthe present study, an aluminum-silicon hypoeutectic alloy matrix composite
reinforced with metallic glass particles was produced through Powder Metallurgy (PM)
method. In the first step, the synthesized matrix powder particles with Al-11wt%Si
composition were mixed with Fe-based Metallic Glass (FMG) particles as the
reinforcements. In the next step, Spark Plasma Sintering (SPS) method was employed to
produce composite bulk parts. For comparison, pure aluminum powder particles were
sintered under the same conditions. The phase studies confirmed some alterations in the
intensity and diffraction angle of crystalline peaks for the composite compared to pure
aluminum. Moreover, they remarked a change in the location of the amorphous hump in
the XRD pattern of composite, compared to its former location in the amorphous powder
particles. Further analysis of the XRD patterns proved the solubility of a large portion of
silicon in the aluminum. Microstructural studies, along with quantitative analysis,
indicated the homogenous distribution of the FMG particles and undissolved silicon
particles in the aluminum matrix. The yield and compressive strength values of the
composite sample were obtained as 165 and 289 MPa, respectively, showing a significant
increase compared to the pure aluminum sample. Finally, the contributions of different
strengthening mechanisms to the enhancement of the composite strength was elaborated.
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1. INTRODUCTION

In  contemporary applications,

(Jayalakshmi et al., 2015). allowing them to serve as
binders during the sintering process. Another method for

metallic glass

particles are increasingly employed as reinforcements
within the matrix of metal matrix composites (Zhai et
al., 2022; Xie et al., 2020). These materials boast
exceptional properties including high hardness and
remarkable fracture toughness (Rezaei et al., 2019).
These attributes, combined with the disordered metallic
structure, rendered them suitable replacements for
conventional reinforcements, contributing to the
enhanced the mechanical performance of composite
matrices. Previous studies have demonstrated the
establishment of sound and perfect
matrix/reinforcement interfaces between metallic glass
particles and matrices in various metal matrix
composites (Guan et al., 2020). Metallic glass particles
also exhibit an interesting Newtonian viscous flow
behavior in their super-cooled liquid region

enhancing the mechanical properties of composites is to
modify the microstructure of the matrix phase. This
modification includes grain refinement, alteration to the
chemical composition, and phase characteristics of the
matrix. Such modifications have been implemented
through various methods namely heat treatment,
mechanical operations such as shot peening, and
addition of special alloying elements to the composition,
as shown in several research studies (Fathy et al., 2015;
Tang et al., 2023). With these considerations, it can be
anticipated that combination of the two afore-mentioned
methods, i.e., selection of appropriate metallic glass
reinforcements and modification of the chemical
composition of the matrix phase, will lead to an
improvement in the strength of aluminum matrix
composites. Therefore, in the present study, an Al-Si
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hypoeutectic alloy matrix composite reinforced with
metallic glass particles was developed for the first time.
Subsequently, the microstructural and phase studies
were conducted, and their relationship with mechanical
properties was analyzed. Finally, the role of influential
strengthening mechanisms in enhancing the strength of
the composite was examined.

2. MATERIALS AND METHODS

The matrix alloy powder, with a nominal
composition of Al-11Si (wt%), was prepared through
the mechanical alloying process via high energy ball
milling of pure aluminum powder and pure silicon
powder. The rotation speed and ball-to-powder weight
ratio were set at 300 rpm and 8, respectively. Ball
milling was conducted for 10 hours under an Ar
atmosphere, and stearic acid was used as a process
control agent. To produce Fe75Sil5B5Zr5 Metallic
Glass (FMG) reinforcing particles, the powder particles
of the constituent elements in appropriate weight
percentages underwent ball milling process. The ball-to-
powder weight ratio and rotation speed were 15 and 300
rpm, respectively. Milling was then performed in a wet
medium (toluene) for 30 hours. Then, the produced
matrix alloy powder and FMG particles were blended in
a horizontal low energy mill. The volume percentages of
the matrix powder and FMG powder were measured as
90 and 10, respectively. Blending was done for two
hours at the speed of 100 rpm. Later, Spark Plasma
Sintering (SPS) process was employed to consolidate
composite powder particles. Given the temperature
range of the super-cool region for Fe75Sil5B5Zr5
particles (between 580 and 600°C) (Neamtu et al., 2016)
and according to the AI-Si phase diagram, the
temperature range of the two-phase region for Al-11Si
alloy is between 577 and 650°C at the sintering
temperature of 585°C. The heating rate and applied
pressure were set at 50 °C/min and 40 MPa,
respectively. To facilitate comparison, pure aluminum
powder was also sintered under the same conditions.
The microstructure and phase investigations of the
samples were conducted using the FESEM and X-Ray
Diffraction (XRD) analysis. The mechanical properties
of the samples were determined through a uniaxial
compression test at the strain rate of 1x10-3s™.

3. RESULTS AND DISCUSSION

The XRD pattern of the composite and pure
aluminum is depicted in Figure 1 (a). The magnified
diffraction pattern is also shown in Figure 1(b). In
Figure 1 (a), the crystal peaks related to the aluminum
phase are observed in both pure Al and composite
samples. A closer examination of the diffraction patterns
reveals the lower intensity of crystalline peaks in the
composite sample peaks compared to pure aluminum.
Additionally, the crystalline peaks of the composite
sample shifted to higher angles than those of pure Al.
These changes result from the application of severe
plastic deformation on the matrix powder particles
during high-energy ball milling. According to Figure 1
(b), the broad hump attributed to the FMG phase
remains unchanged in the composite sample, indicating
the preservation of the amorphous nature of the

reinforcing particles during the sintering process. A
detailed examination of the XRD patterns reveals a
small shift in the location of the broad hump to higher
angles (Figure 1 (b)). The displacement of the hump of
the amorphous phase to higher angles shows a decrease
in the distance between the nearest atomic neighbors in
the structure of glass particles (Guo et al., 2002). The
reduction of the distance between atoms occurs due to
structural dilatation as a result of imposed pressure at
high temperatures during the SPS process.
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Figure 1. XRD patterns for (a) various samples (b) the same
patterns in higher magnification.

Figure 2 shows the FMG particles and undissolved
silicon particles homogenously distributed in the matrix
of the composite sample. A small portion of silicon
added to aluminum in the mechanical alloying process
does not enter the solid solution, which is visible as the
free silicon particles in the microstructure. In addition,
the black areas in the micrograph represent the
microstructural porosities. These porosities form during
the SPS process due to the decreased compressibility of
aluminum powder particles caused by the mechanical
alloying process.
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Figure 2. FESEM micrograph of the composite sample.
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The engineering stress-strain curves obtained from
the uniaxial pressure test for different samples are
depicted in Figure 3. According to this figure, the yield
strength of the composite sample is higher than the pure
aluminum sample, indicating an increase of about 3.5
times caused by three factors:

1- Mechanical alloying of the matrix powder
particles

2- Dissolution of silicon in the aluminum structure
and formation of the solid solution

3- Presence of FMG and undissolved silicon
particles in the composite matrix
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Figure 3. Representative compressive stress-strain curves for
different samples.

4. CONCLUSION

In the present study, an Al-11Si hypereutectic alloy
matrix composite reinforced with FMG particles was
successfully produced via powder metallurgy method. It
was found that the amorphous structure of the FMG
particles was preserved during the production process
with some structural dilatation. The microstructural
observations confirmed the homogenous distribution of
FMG and undissolved Si particles in the matrix of
developed composite. The yield strength and
compressive strength of the produced composite were
165 and 289 MPa, respectively, which showed a
significant increase compared to that in pure aluminum.
Such increase can be attributed to the changes of matrix
chemical composition and addition of reinforcements to
the composite matrix as well.
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5> Geometrically necessary dislocation
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