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Abstract. ADC14 hybrid composite with 10 wt% of SiC and 0.3 wt% of Gd was prepared through
controlled stir-casting method in this study. The optical microscopy and scanning electron microscopy
showed that the silicon phase was fine and uniformly distributed in the aluminium matrix, and SiC
particles are well dispersed in the aluminium. The presence of Al, Si, SiC and Gd was confirmed by EDS,
without any unwanted intermetallic phases, and such also supported through XRD analysis. Mechanical
testing showed that maximum tensile strength of 229 MPa attributed to good transfer of loads between the
matrix and the SiC particles owning to grain refinement due to the Gd. The composite became hardened to
115.1VHN, which is due to the synergistic hardening of the SiC and microstructural refinement of Gd.
Tribological evaluation showed improved wear resistance, where the wear rate was 6.4 x10* mg -N -m’!
and the weight loss was reduced. The porosity and the density of the composite were only 0.225% and
2.780 g cm™, respectively, indicating a high level of interfacial bonding. In general, synergistic addition of
SiC and Gd significantly enhanced the mechanical and tribological properties of ADC14 alloy making it

an attractive material for automotive parts.

1 Introduction

The metal matrix composites composed of aluminium
have received a lot of academic and industrial attention
during the past decades due to their high strength-
weight ratio, high corrosion resistant ability, and
flexibility to engineering challenging operations [1-4].
Hypereutectic alloys like the ADC14 are widely used
in automotive parts like pistons, cylinder blocks and
brakes, mostly due to their very good ability to cast,
great dimensional stability and natural wear resistance
[5, 6]. However, the existence of crude silicon
particles, which are of primary nature, and porosity
caused by casting, often compromises their mechanical
strength and their service life [7-10].

In order to address these drawbacks, ceramic
strengthening’s like silicon carbide (SiC) have been
greatly implanted into aluminium matrices [7, 8, 11].
SiC particles are very hard, better thermal stability and
high load bearing capacity, therefore enhance
significantly the hardness, tensile strength and wear
resistance of aluminium alloys [9, 10, 12]. It has been
shown in earlier studies that a reinforcement level of
about 10 wt.% SiC provides an optimum balance
between the reinforcement and manufacturability [11,
12, 13]. However, despite these advantages, issues like
particle agglomeration, poor wettability and residual

porosity still exist and can impact negatively on
composite behaviour [13, 14, 15].

Recent studies have reported that introduction of
rare-earth elements is an effective method of refining
and improving the mechanical performance through
microstructural refinement in aluminum alloys. In
particular, gadolinium (Gd) has been shown to possess
a strong grain-refining another attribute credited to the
ability of the material to promote heterogeneous
nucleation during solidification [15, 16, 17].
Introduction of small amounts of Gd may alter primary
and eutectic silicon component, retard grain
coarsening, and increase interfacial binding amid the
matrix and the reinforcing entities [17, 18]. However,
there are limited studies on the synergistic effect of SiC
reinforcement and Gd modification on hypereutectic
ADCI14 aluminium alloys [19, 20]. While previous
studies have investigated the role of rare-earth
elements in Al-Si alloys and the strengthening effect of
ceramic reinforcements individually, the combined or
synergistic interaction between SiC particles and
gadolinium (Gd) addition remains insufficiently
explored, particularly in hypereutectic ADC14 alloys.
In this study, Gd is not only considered as a grain
refiner but also as an element that enhances the
dispersion and interfacial bonding of SiC particles
within the aluminium matrix. This dual role leads to
improved load transfer efficiency and microstructural
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stability. Therefore, the novelty of this work lies in
elucidating the coupled strengthening mechanisms
arising from the simultaneous incorporation of SiC
reinforcement and Gd modification.

It is observed that there is a lack of literature in the
explanation of the synergistic effect of ceramic
reinforcement and rare-earth additives on the
microstructural, mechanical, and tribological properties
of ADCl4-based composites [18, 19]. More
specifically, unfortunately, there is still a lack of
experimental proofs of the connection between
microstructural refinement and mechanical strength,
hardness, wear resistance, and porosity in
ADCI14-SiC-Gd hybrid systems [20-22].

As such, this investigation aims to develop and
characterize ADCI14 hypereutectic Al-Si  hybrid
composites, reinforced by 10 wt% SiC and 0.3 wt% of
Gd, through a stir casting process. The novelty of the
current research is the determination of the optimal
level of Gd-content (0.3 wt.%) that will give maximum
mechanical and wear characteristics and exclude the
possibility of creating undesirable intermetallic phases.
The limitation of this paper include the only 10 wt% of
SiC reinforcement and the only study of the as-cast
conditions without any post-processing conditions.

The contribution of this work lies in demonstrating
the synergistic interaction between ceramic
reinforcement and rare-earth modification in ADC14
alloy. Unlike previous studies that treat these effects
independently, this study shows that Gd enhances both
grain refinement and the dispersion behavior of SiC
particles, leading to improved interfacial bonding and
mechanical performance. This combined effect
provides new insights into hybrid reinforcement
strategies for aluminium matrix composites.

The selection of 10 wt.% SiC and 0.3 wt.% Gd in
this study is based on previous literature and
preliminary findings indicating that 10 wt.% SiC
provides an optimal balance between mechanical
enhancement and processability, while 0.3 wt.% Gd
effectively refines the microstructure without
promoting the formation of undesirable intermetallic
phases. Although a broader parametric investigation
would provide further insight into composition
optimization, the present work focuses on
understanding the fundamental synergistic mechanisms
at these selected compositions. Future studies will
consider a wider range of SiC and Gd contents to
establish a more comprehensive composition—property
relationship.

The primary objective of this study is to investigate
the synergistic effects of silicon carbide (SiC)
reinforcement and gadolinium (Gd) addition on the
microstructural, mechanical, and tribological properties
of ADC14 hypereutectic aluminium alloy. Specifically,
the study aims to evaluate how the combined addition
of SiC and Gd influences grain refinement, particle
distribution, load transfer efficiency, and wear
resistance, thereby establishing a clear structure—
property relationship.

Thus, this paper investigates the effect of 10 wt%
of SiC and 0.3 wt% of Gd on the microstructure,
mechanical, density, porosity and wear characteristics

of ADC14 hypereutectic AlSi hybrid composite. The
experimental results will demonstrate improvement in
tensile strength, microstructural refinement, structural
stability, density and porosity improvement, and
enhancement in tribological performance of the
ADCI14 hypereutectic AlSi hybrid composite.

2 Materials and Methods

2.1 Materials

Figure 1 shows the ADC14 hypereutectic AlSi ingots,
high-purity Gd, and SiC particles for the development
of ADC14 hypereutectic AlSi hybrid composite. The
ADCI14 aluminium alloy ingots served as the base
matrix material, while Gd was employed as a rare-earth
modifier to refine the microstructure. SiC particles,
with a size range of 10-30 pum, were used as ceramic
reinforcement to enhance mechanical strength and
wear resistance. These materials were selected to
achieve a synergistic improvement in microstructural
stability, mechanical performance, and tribological
behavior of the developed composites.

Fig. 1. Photographic representation of raw materials used in
the study: ADC14 hypereutectic aluminium alloy ingots,
gadolinium (Gd) metal ingots, and silicon carbide (SiC)
reinforcement particles.

Gadolinium (Gd) metal ingots with 99% purity and
particle dimensions ranging from 1 to 20 mm were
procured from PROCEIL ENTERPRISE (Ref. No.
67168). Commercial-grade ADC14 hypereutectic
aluminium alloy ingots were supplied by Raditech
Synergy Solution (Co. Reg. No. MA0307025-H),
Skudai, Johor, Malaysia. Silicon carbide (SiC)
reinforcement particles with a particle size distribution
of 10-30 pm were obtained from AJIE TECHNO
Solution (Co. Reg. No. JR0013714-P), Parit Raja,
Johor, Malaysia.

The ADC14 hypereutectic Al-Si alloy used in this
study is a commercial casting-grade material. The
chemical composition of the alloy was determined and
compared with standard specifications, as summarized
in Table 1.

Table 1. Chemical composition of ADC14 hypereutectic
aluminium alloy (wt.%).

. Quantity (wt.%)
Alloying Element Actual Standard
Magnesium (Mg) 0.63 0.50-0.65
Silicon (Si) 17.47 17.00-18.00
Copper (Cu) 4.10 4.00-5.00
Ferrous (Fe) 0.89 0.75-1.00
Manganese (Mn) 0.22 <0.50
Zinc (Zn) 0.67 <1.00
Lead (Pb) 0.05 <0.10
Tin (Sn) 0.02 <0.30
Titanium (Ti) 0.03 <0.10
Nickel (Ni) 0.05 <0.30
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Calcium (Ca) 0.002 <0.005
Aluminium (Al) Remainder Remainder

The alloy contains a high silicon content suitable
for wear-resistant applications, along with controlled
amounts of copper, magnesium, iron, and other
alloying elements.

2.2 Composite Fabrication by Stir Casting

Fixed 10 wt% of SiC and constant 0.3 wt% of Gd was
added into ADC14 hypereutectic AlSi alloy, and the
the specimens were fabricated through controlled stir
casting.

The schematic illustration of the stir-casting set up
used in the making of composites is represented in
Figure 2. This assembly consists of an electric motor
connected with a vertical stirring screw that turns
inside a crucible located inside a furnace. To obtain the
required thermal energy needed to melt the base
aluminum alloy, the furnace provides the thermal
energy required to accomplish the task, and the molten
metal is safely contained through a crucible. The
particles of the reinforcement were gradually
introduced in the molten metal through the vortex
created by the rotating stirrer. The stirring action
increases the wettability, uniform distribution of the
particles and decreases agglomeration. The fabricated
composites were homogeneously mixed through
precise control of stirring rate and temperature and
reduced porosity.
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Fig. 2. Stir Casing Schematic Diagram

The selected stir-casting method is widely
recognized as an effective and economical technique
for fabricating aluminium matrix composites with
uniform  particle  distribution. The processing
parameters, including controlled stirring speed,
temperature, and gradual particle addition, were
carefully optimized to minimize agglomeration and
porosity while ensuring adequate wettability between
the matrix and reinforcement. Therefore, the adopted
methodology is suitable for achieving reliable and
reproducible composite properties.

2.3 Characterization Techniques

Optical microscopy (OM) was used to microstructure
the fabricated composites. The metallographic
specimens were ground and polished using the
conventional methods and then the specimen was
properly etched to bring out the fines structure. The
later optical micrographs had been obtained under a
calibrated optical microscope (Model: MEIJI Techno
MT series, Meiji Techno Co. Ltd., Japan) It was

intended to study the distribution of primary and
eutectic silicon phases and the dispersions of the SiC
particles in the ADCI14 matrix. Microstructural
examination and elemental composition were
examined by field emission scanning electron
microscopy (FESEM) and elemental composition
examined using energy-dispersive X-ray spectroscopy
(EDX). A MIRA3 FESEM was used to carry out the
FESEM analysis (TESCAN, Czech Republic) Particle
morphology, interfacial bonding and porosity
characterization were done. Energy-dispersive X-ray
spectroscopy (EDX) was used to determine the
presence of aluminium (Al), silicon (Si), silicon
carbide (SiC) and gadolinium (Gd) in the composite.
The identification of the phases was conducted through
the X-ray diffraction analysis (XRD). An X-ray
diffractometer was used to obtain the XRD pattern
(PANalytical X’Pert PRO, Malvern Panalytical,
Netherlands) with Cu-Ka radiation over a 26 range of
0°-80° at a scan speed of 0.02°/min. This analysis was
used to identify existing phases and confirm the
absence of undesirable intermetallic compounds. The
tensile properties of the composites were evaluated
using a universal testing machine (UTM, Model:
Instron 3369, Instron Corporation, USA). Tensile tests
were conducted at room temperature using ASTM-
standard specimens, and stress—strain data were
recorded to determine the ultimate tensile strength and
deformation behaviour. The standard geometry of the
tensile test specimen used to test mechanical properties
of the fabricated composites is shown in Figure 3. The
specimen was designed under the ASTM standards by
adding a smaller gauge section such that a
homogeneous stress distribution was achieved during
the tensile loading. A gauge length of 25 mm with a
diameter of 5 mm was used and the shoulder and grip
portion had very large diameters to ensure a good
clamping. The transition zones were provided with
smooth fillet radii of 1 mm to reduce stress
concentration and hence provide the reliable tensile test
results.
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Fig. 3. Dimensions and geometry of the ASTM-standard
tensile test specimen used for mechanical characterization.

Hardness measurements were carried out using a
Vickers hardness testing machine (Model: Mitutoyo
HM Series, Mitutoyo Corporation, Japan). Indentations
were made under a specified load and dwell time, and
the average hardness value was obtained from multiple
measurements taken at different locations. The wear
behaviour and coefficient of friction (FOC) were
evaluated under dry sliding conditions using a pin-on-
disc tribometer (Model: DUCOM TR-20LE, DUCOM
Instruments, India). Tests were conducted at a constant
load, sliding speed, and distance, and the wear rate and
coefficient of friction were calculated from weight loss
and frictional force data. The density and porosity of
the fabricated composites were determined using the
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Archimedes principle. Measurements were performed
using a precision electronic balance (Model: Shimadzu
AUX  Series, Shimadzu Corporation, Japan).
Experimental densities were compared with theoretical
values to estimate the porosity percentage.

3 Results and Discussion

The results are presented through a combination of
microstructural characterization and mechanical testing
to provide a comprehensive understanding of the
composite  behaviour. The analysis integrates
observations from optical microscopy, SEM, XRD, and
mechanical testing to establish clear relationships
between microstructure and performance. Additional
discussion has been included to link the observed
improvements  with  established  strengthening
mechanisms.

3.1 Optical Microscopy of ADC14-10 wt.% of
SiC and 0.3 wt.% Gd Composites

Figure 4 shows the optical microscopy of ADCI14
Hybrid Composites Reinforced with 10 wt.% of SiC
and 0.3 wt.% of Gadolinium. As found and concluded
from previous sections that 0.3 wt.% of Gd has the
optimum mechanical properties, and has significant
refinement impact over the microstructure of the
ADC14 composite material. This is the reason that in
this part of the research work, 0.3 wt.% of Gd was
utilized for investigating the microstructure and
mechanical characteristics of ADCI14 composite
materials at fixed 10 wt.% of SiC. The reviewed
literature showed that the 10 wt.% of SiC is the optimal
weight  percentage, and provided optimum
characteristics for the Al-based composite [22-25].

The optical microscopy (OM) of ADCI14
hypereutectic AlSi composite reinforced with 10 wt.%
of SiC and 0.3 wt.% of Gd reveals the presence of Al,
Si and SiC. The different phases of primary and
eutectic Si can be seen in the optical microscopic
image of the composite material. The OM image shows
the Al matrix is interspersed with larger Si phases,
which contribute to improve the mechanical strength
and wear characteristics of the composite materials.
Also, the different particle sizes of the primary and
eutectic Si particles are due to the addition of 0.3 wt.%
of Gd in the matrix [26]. Generally known as that the
addition of Gd refines the grain structure, and
ultimately improves the mechanical strength and wear
properties of the composite. This is the reason that
refinement in the size of Si particles is also observed in
the OM image of the composite material. The distinct
black-dots in the OM image represents the SiC
particles, known for their unique ability to improve the
hardness and better mechanical strength of the
composite, which ultimately make the composite
suitable for automobile applications [27, 28]. However,
there is not any grain refinement for the SiC particles is
observed in the OM image. The reason is that the Gd
was added in small quantity and SiC particles hard and
difficult to refine their particle size. Secondly,

agglomeration of the particles including SiC is also
observed in the OM image, and it might be due to in-
enough stir time and stirrer rotation during casting of
the composite [29-31]. Nevertheless, the mechanical
properties extracted for the ADC14 hypereutectic AlSi
composite reinforced with 10 wt.% of SiC and 0.3
wt.% of Gd showed enhancement as compared to the
virgin material, and such is discussed in the next
headings [32-35]. Conclusively, the obtained OM
image shows robust composite microstructure
comprising Al, Si, SiC, and the potential presence of
Gd evident through the refinement of primary and
eutectic Si particles [36-40]. Also, the obtained OM
image of the composite material positions it well
numerous automobile applications where a balance
between lightweight with improved mechanical and
wear characteristics is required [23].

Fig. 4. Optical microscopy of ADC14-10wt% of SiC and
0.3 wt% of Gd

Although the microstructural observations are
primarily qualitative, the refinement of primary and
eutectic silicon phases indicates a reduction in effective
grain size and improved phase distribution due to Gd
addition. The low porosity value of 0.225% further
supports the improved processing quality and
uniformity of the composite. For a more
comprehensive understanding, future work will
incorporate quantitative image analysis techniques
such as grain size measurement, particle distribution
analysis, and porosity mapping.

3.2 SEM Analysis of ADC14-10wt% of SiC and
0.3wt% Gd Composites

Figure 5 shows the SEM of ADC14 hypereutectic AlSi
composite reinforced with 10 wt.% of SiC and 0.3
wt.% of Gd. The microstructure image of ADC 14
hypereutectic AlSi composite reinforced with 10 wt.%
of SiC and 0.3 wt% of Gd reveals complex
microstructure showing aluminium matrix, visible Si
phases, and SiC particles which led to improve the
mechanical strength and wear characteristics of the
composite material. The irregular and faceted shapes
indicate the primary Si phases, and these phases are
responsible to improve the resistance to applied load
and wear performance. Also, some clear voids
scattered throughout the microstructure are observed,
and indicating the porosity appearance in the
microstructure of the composite material [41-45]. The
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improper stirring time, melting and pouring
temperatures and gas entrapment during solidification
are common reasons for porosity during casting of the
composite. Further, the excessive porosity has negative
effects on the mechanical strength due to stress
concentration in composite materials [46, 47].
However, the presence of SiC and Gd balance the
impact of porosity appearance in the microstructure of
the composite material. The appearance of darker
regions indicating the SiC particles, and are appeared
in rounded particles in the matrix. The SiC particles
contributes significantly to the mechanical strength,
hardness and wear characteristics of the composite, and
improving the performance of the composite in
numerous automobile applications where high strength
and toughness are required. The appearance of rounded
SiC particles are due to presence of Gd in the matrix,
as it plays an important role in the refinement of
particles size and shape of the particles [48-50].
Although, Gd appearance is not observable in the SEM
image of the microstructure of the composite. Yet, the
rounded SiC particles are evidencing the presence of
Gd in the matrix. Further, the SEM-EDS results also
indicating the presence of Gd in the matrix of the
composite material. The other attractive characteristics
of Gd is to enhance the mechanical and wear
characteristics of the composite material [51]. Overall,
the appearance of faceted Si and rounded SiC particles
are improving the mechanical strength and wear
behaviour of the composite. Whereas, the appearance
of the porosity may have a negative impact over the
overall strength of the composite [24]. The distribution
of SiC particles within the matrix appears relatively
uniform, although localized agglomeration is observed
in certain regions. A quantitative assessment of particle
distribution, inter-particle spacing, and porosity
fraction would provide a more precise correlation
between microstructure and mechanical performance.
Such analysis is recommended for future investigations
to strengthen the structure—property relationship.
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Fig. 5. SEM of ADC14-10wt% of SiC and 0.3 wt% of
Gd
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The EDS-SEM analysis of the same material has
been carried at two different locations for extracting
the chemical compositions of it. Figure 6 (a) and (b)
show the SEM image of the ADC14-10 wt.% of SiC
and 0.3 wt.% of Gd at both locations. Correspondingly,
the chemical compositions of the ADC14-10 wt.% of
SiC and 0.3 wt.% of Gd at both locations are presented

in Figures 7 (a) and (b) respectively. The peaks
depicted in both Figures confirmed the presence of Al,
Si, Ni, Cu, and Gd chemical through EDS-SEM
analysis. Al, Si, Ni and Gd showed prominent peaks in
the EDS-SEM analysis, and indicated significant
concentration, consistent with the characteristics of an
ADCI14-10 wt% of SiC and 0.3 wt% of Gd
composite. The other distinctive peaks of Gd and Mg
suggesting that the ADC14-10 wt.% of SiC and 0.3
wt.% of Gd composite contains these elements, and are
intending to enhance the mechanical strength of the
composite [25, 52].

YR
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Fig. 6: (a) SEM of ADC14-10 wt.% of SiC and 0.3 wt.%
of Gd, (b) EDS of ADC14-10 wt.% of SiC and 0.3 wt.% of
Gd
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ig. 7: (a) SEM o C14-10wt.% of SiC and 0.3 wt.%
of Gd, and (b) DES of ADC14-10wt.%

3.3 X-Ray Diffraction Analysis of ADC14-
10wt.% of SiC and 0.3wt.% Gd Composites

Figure 8 illustrates the X-ray diffraction (XRD) pattern
of the ADC14 composite reinforced with 10 wt.% SiC
and 0.3 wt.% Gd. The diffraction peaks clearly confirm
the presence of aluminium (Al), silicon (Si), and
silicon carbide (SiC), indicating that these phases
constitute the primary constituents of the fabricated
composite. No additional peaks corresponding to
undesirable reaction products are observed, confirming
the phase stability of the composite during stir casting
[27, 53].

The dominant diffraction peaks correspond to a-Al,
which crystallizes in a face-centered cubic (FCC)
structure belonging to the cubic crystal system. The Al
peaks are indexed to the crystallographic planes (111),
(200), (220), and (311), appearing at approximate 26
values of 38.4°, 44.7°, 65.1°, and 78.2°, respectively, in
accordance with ICDD/JCPDS card No. 04-0787. The
lattice parameter of a-Al is a =b = ¢ = 4.049 A, with
lattice angles o = B = vy = 90°, reflecting its highly
symmetric cubic structure. The highest intensity peak
at the (111) plane indicates preferred orientation and
high crystallinity of the aluminium matrix [28-30, 54].

The silicon phase exhibits characteristic peaks
corresponding to a diamond cubic crystal structure
within the cubic crystal system. The prominent Si
reflections are indexed to the (111) and (220)/(210)
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planes, appearing around 28.4° and 47.3°, consistent
with JCPDS card No. 27-1402. Silicon possesses
lattice parameters of a = b = ¢ = 5.431 A with lattice
angles a = B = y = 90°, confirming the presence of
primary and eutectic silicon phases typical of
hypereutectic Al-Si alloys [31-33, 55].

The SiC reinforcement phase is identified by
diffraction peaks corresponding to its hexagonal crystal
structure (a-SiC) within the hexagonal crystal system.
The SiC peaks are indexed to the (100), (110), and
(210) planes, appearing at approximately 35.6°, 60.0°,
and 71.8°, matching well with JCPDS card No. 29-
1129. The lattice parameters of a-SiC are a =b = 3.08
A and ¢ = 15.12 A, with lattice angles a = B = 90° and
y = 120°, confirming its anisotropic hexagonal
structure and excellent thermal stability [34, 35, 56].

Diffraction peaks in the form of AI2Gd
intermetallics, Al4C3, silicon oxides or aluminium
oxides were not observed, and this result indicated that
the addition of 0.3 wt.% Gd did not allow the
formation of deleterious phases. Gadolinium assumes
an hexagonal close-packed (HCP) structure, with
lattice parameters a =b = 3.63 A and ¢ = 5.78 A, and
lattice angles o = f = 90° and y = 120°. The absence of
Gd-related diffraction peaks is attributed to its low
concentration and the limited sensitivity of XRD for
trace elements; however, Gd is expected to induce
local lattice distortion in the aluminium matrix,
contributing to solid-solution strengthening and grain
refinement [57-60].

Silicon carbide (SiC) can be considered stable
because of its strong covalent bonding, strong
thermodynamic stability and insensitivity to chemical
reaction with molten aluminium at temperatures lower
than 1,000 °C. No harmful interfacial reactions were
expected to occur due to the fact that the melting
temperature used to make composite was not decreased
below 780 °C. In general, the effectiveness of the
fabrication of a phase-stable ADCI14-SiC-Gd
composite with structurally compatible phases is
supported by the results of X-ray diffraction (XRD),
which leads to the strengthening of the mechanical and
tribological performance observed on an experimental
level [36, 61].
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Fig. 8. XRD of ADC14-10wt.% of SiC and 0.3 wt.% of
Gd

3.4 Tensile Strength Analysis of ADC14-10wt%
of SiC and 0.3wt% Gd Composites

Figure 9 shows the stress strain curve of the composite
material ADC14 with 10 wt.% SiC and 0.3 wt.% Gd.
Final tensile strength was found to be of 229 Mpa
exceeding over the base metal. The tensile strength was
observed to increase brutally, which indicates that the
presence of the SiC particles has been transferring the
loads and has made it possible to transfer the load due
to the elevated stiffness and strength the particles
provided. The stiff SiC particles enhance deformation
resistance hence increasing the yield strength because
the particles are restrained by the matrix and do not
flow freely. Further, the inclusion of Gd plays a critical
role in refining the grain structure through enhanced
nucleation during solidification, resulting in smaller,
more uniformly distributed grains [62-65]. The
homogenization of the applied loads in ADC14-10
wt.% SiC and 0.3 wt.% Gd composite is improved by
the refined microstructure not only in eliminating
potential vulnerabilities of coarser grains but also
improves the dispersion of applied loads [66]. The
combination of SiC reinforcement and Gd-induced
grain refinement directly contributes to the observed
improvement in the tensile strength, as reflected by the
higher stress levels before reaching failure, thereby
indicating the better mechanical performance of the
ADC14-10wt.% of SiC and 0.3 wt.% of Gd composite
[37].
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Fig. 9. Tensile Strength of ADC14-10wt.% of SiC and
0.3 wt.% of Gd
From Figure 9, in the initial elastic region, the
stress increases from approximately 0 to ~40 MPa
corresponding to a strain of about 0.005-0.006 (note
that although the axis is labeled “Strain (%)”, the
numerical values indicate true strain values). Using the
slope of this linear portion, the Young’s modulus E is
calculated as [39, 67-70]:
E=Ac/Ae=40 MPa/0.006=6.7 GPa 0]

Considering the scatter in the initial curve and
taking a slightly steeper elastic segment, the apparent
Young’s modulus of the ADC14-10 wt.% SiC-0.3
wt.% Gd composite can be reasonably estimated to lie
in the range of 7-12 GPa.

The relatively lower modulus compared to
monolithic aluminium alloys (=70 GPa) can be
attributed to the presence of casting-induced porosity,
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microstructural heterogeneity, and early nonlinearity
caused by particle-matrix interactions.  The
incorporation of SiC particles enhances stiffness
locally; however, the overall elastic response is
influenced by particle distribution, interfacial bonding,
and residual defects. Additionally, the presence of Gd
contributes to grain refinement rather than a significant
increase in elastic modulus. The stress—strain behavior
indicates improved strength with moderate stiffness,
making the composite suitable for lightweight
automotive applications where strength-to-weight ratio
is critical [71, 72]. The observed improvement in
tensile strength can be explained by the load transfer
mechanism, in which the applied stress is effectively
transferred from the ductile aluminium matrix to the
stiff SiC reinforcement particles. In addition, the grain
refinement induced by Gd follows the Hall-Petch
relationship, where decreasing grain size enhances
resistance to dislocation motion, thereby increasing
strength. The combined effect of load transfer and
grain boundary strengthening contributes significantly
to the improved mechanical performance of the
composite.

3.5 Hardness of ADC14-10wt.% of SiC and
0.3wt.% Gd Composites

It has been observed from the experimental results
from previous headings, where the optimum
experimental values of ADCI14 hypereutectic AlSi
composite were achieved at 0.3 wt.% of Gd, whether
the base metal was mixed only xGd and B4C. Thus, in
this portion, only 0.3 wt.% of Gd was incorporated in
ADCI14 hypereutectic AlSi composite along with fixed
10 wt.% of SiC to extract the hardness of the
composite. The hardness value of 115.1 VHN is
achieved for the ADC14 hypereutectic AlSi composite
along with fixed 10 wt.% of SiC as shown in Table 2.

Table 2. Hardness of ADC14-10wt.% of SiC and 0.3 wt.% of

Gd composite

ADC14 Composite
(wt.%) Hardness (VHN)
SiC | Gd | ADC14
10 | 0.3 Bal 115.1

The SiC particles are hard ceramic, and it
significantly enhance the hardness of the ADCI14-
10wt.% of SiC and 0.3 wt.% of Gd. The SiC known for
its high hardness and strength, disperse effectively
within ADC14 matrix, contributing to the overall
mechanical properties of the composite. The
reinforcement mechanism includes load-bearing
capacity and hindrances of dislocation motion due to
the presence of SiC, which increase the yield strength
and hardness. The addition of Gd further enhances the
hardening response by promoting the formation of fine,
stable ADC14-Gd intermetallic, which reinforce the
matrix and inhibit grain growth, thus leading to a
synergetic improvement in hardness and wear
resistance of the ADC14-10wt.% of SiC and 0.3 wt.%
of Gd composite material. The ADCI14-Gd
intermetallic facilitates heterogeneous nucleation,
leading to the formation of smaller grains as the

ADC14 matrix solidifies. The smaller grains of ADC14
matrix enhance the mechanical properties, such
strength and toughness, through Hall-Petch effect,
where the grain refinement leads to increase the
resistance to dislocation movement. Further, Gd
intermetallic can reduce the coarsening of grains
during heat treatment, maintaining a finer
microstructure over a broader temperature range. This
fine-grained structure contributes to improve the
hardness, ductility and overall performance of the
ADCI14 alloy [73]. Furthermore, the increase in
hardness can be attributed to the combined effect of
dispersion  strengthening and grain  boundary
strengthening. The presence of hard SiC particles
impedes dislocation motion, while the refined grain
structure resulting from Gd addition increases the grain
boundary area, further restricting plastic deformation in
accordance with the Hall-Petch mechanism.

3.6 Wear and fraction analysis of ADC14-
10wt.% of SiC and 0.3 wt.% of Gd composite

The wear performance of ADC14-10wt.% of SiC and
0.3 wt.% of Gd composite was assessed under dry
sliding conditions. The tribological behaviour through
weight loss and wear rate of the ADC14-10wt.% of
SiC and 0.3 wt.% of Gd composite were examined.
The summarized test results are presented in Table 3
and Figure 10.

Table 3. Weight loss and wear rate of ADC14-10wt% of

SiC and 0.3 wt% of Gd composite

ADC14 Composite | Weig

(wt%) ht | Load | Distanc | Wear Rate
sic | ga | APC | loss | (N) | e(m) (mg/N.m)
14 (mg)

10 | 0.3 | Bal 3.0 5 1000 0.00064

0.56
0.52
0.48
80,44 :

w
04

032 | | ! |
0 200 400 600 800 1000

Distance (m)
Fig. 10. Variation of coefficient of friction (FOC) with
sliding distance for ADC14-10wt.% of SiC an d 0.3 wt.% of
Gd composite

The weight loss of 3.0 mg and wear rate of 6.4 E-4
of ADC14-10wt.% of SiC and 0.3 wt% of Gd
composite were achieved through dry sliding
condition. The addition of SiC improved the
tribological performance of the ADC14-10wt.% of SiC
and 0.3 wt.% of Gd composite, as SiC particles are
hard and abrasive, lead to improve the hardness of the
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composite. Thus, the reinforcement of SiC particles in
ADC14-matrix improved the load-bearing capacity and
reduced the plastic deformation under frictional load
during the testing of the composite specimen. Also, the
Gd inclusion refines the grain structure, which further
enhance the strength and toughness of the composite
material. These are the reasons that the tribological
performance of the composite at inclusion of 10 wt.%
of SiC and 0.3 wt.% of Gd shows improvement [74].
The synergy between hard SiC reinforcement and the
grain refining effect of Gd resulted in significant
reduction in the wear rate and weight loss as compared
to virgin ADCI14 hypereutectic AlSi alloy. The
frictional output coefficient (FOC) of the ADCI14-
10wt.% of SiC and 0.3 wt.% of Gd composite is shown
in Figure 10. The obtained experimental data revealed
that the addition of hard SiC particles improved the
frictional resistance of the ADC14-10wt.% of SiC and
0.3 wt.% of Gd composite specimens [75]. The
inclusion of silicon carbide in the ADCI14
hypereutectic AlSi composite made the surface harder
leading to less friction caused by reduced plastic
deformation, and, simultaneously, silicon carbide leads
to a smoother more wear-resistant surface, which
suppresses adhesive wear. The development of a multi-
stage microstructure alters the nature of interaction at
the sliding interface and gives complex frictional
behaviour, which is dictated by the wear conditions
prevailing at a particular moment [76]. In addition,
silicon carbide supports the establishment of protective
transfer layer during wear, which consequently reduces
the coefficient of friction by restricting direct contact
through its dispersion in the ADCI14 hypereutectic
matrix. Moreover, the incorporation of 0.3 0.3 wt 0.3
ADCI14 hypereutectic alloy gets refined with the help
of the addition of 0.3 wt% gadolinium, which results in
the establishment of stable intermetallic phases of the
alloy. This fine-grained microstructure led to increase
the hardness and improved wear resistance, lowering
further FOC by reducing plastic deformation during
sliding contact [77]. Moreover, the presence of Gd
improved the bonding between SiC particles and the
ADCI14 hypereutectic matrix, mitigating the adverse
effects of particle clustering and dispersion, and both
factors are crucial for optimizing tribological
performance [78]. The dominant wear mechanism in
the composite can be attributed to abrasive wear due to
the presence of hard SiC particles, which resist
material removal during sliding. Additionally, the
refined microstructure resulting from Gd addition
enhances surface hardness and reduces plastic
deformation, thereby minimizing adhesive wear. The
formation of a protective tribolayer further contributes
to improved wear resistance and reduced coefficient of
friction.

3.7 Density and Porosity of the ADC14-10wt%
of SiC and 0.3 wt% of Gd composite

Table 4 shows the density and porosity of the ADC14-
10wt% of SiC and 0.3 wt.% of Gd composite. The
density of the ADC14-10wt% of SiC and 0.3 wt.% of
Gd composite was calculated at 25 °C. Both density

and porosity are critical factors, and influence the
mechanical properties of the ADC14-10wt% of SiC
and 0.3 wt.% of Gd composite.
Table 4. Density and Porosity of the ADC14-10wt.% of
SiC and 0.3 wt.% of Gd composite

ADC14 Composite
(wt.%) Density (g/cm?) Porosity (%)
SiC | Gd | ADC14
10 | 0.3 Bal 2.780 0.225

Organization of the Text ADC14-10 wt.% of SiC
and 0.3 wt.% of Gd composite shows a density of
2.780 g/cm?® and low porosity of 0.225%, indicating of
a well-integrating microstructure and high structural
integrity. The incorporation of SiC, a rigid and dense
ceramic material, generally contributes to an increase
in overall density of the composite, provided that it is
well-dispersed and bonded within ADC14-materix.
Thus, the inclusion of SiC particles enhanced overall
density and surface hardness, while Gd contributed to
grain  refinement through stable intermetallic
formation, improved mechanical strength of the
ADC14-10wt.% of SiC and 0.3 wt.% of Gd composite.
The pore structure was low which shows that the
processing conditions were optimized; this is
associated with increased mechanical properties and
reduced wear properties. In addition, hardness and
wear resistance of the ADC1410 wt.% SiC + 0.3 wt.%
Gd composite is significantly enhanced by the
synergistic addition of SiC and Gd, which make it
highly applicable in various car uses [79, 80].

The findings confirm that the combined addition of
SiC and Gd results in a synergistic enhancement of
properties, driven by improved load transfer, grain
refinement, and interfacial bonding. This synergy
highlights the potential of hybrid reinforcement
strategies in developing high-performance aluminium
matrix composites.

4 Conclusion

The conclusions drawn in this study are directly
supported by the experimental results obtained from
microstructural analysis, mechanical testing, and
tribological evaluation. The observed improvements in
tensile strength, hardness, and wear resistance are
consistent with the refined microstructure and
enhanced particle distribution confirmed through OM,
SEM, and XRD analyses.

This study indicates the effectiveness of the use of
ceramic reinforcement and rare-earth modification to
improve the performance of ADC14 hypereutectic Al-
Si alloy. Incorporation of 10 wt % SiC provided high
enhancements in encompassing hardness, tensile
strength and wear resistance which could be traced to
its high load bearing ability and resistance against
plastic deformation. A small amount of gadolinium
(0.3 wt.%) addition played a key role in the
optimization of the microstructure by decreasing the
size of primary and eutectic silicon particles and a
more even distribution of the reinforcement particles.
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The microstructural and phase analyses proved that
no deleterious intermetallic compounds were formed,
which in turn meant the sufficient chemical stability of
the process of casting. The improvement in tensile
strength to 229 MPa and hardness to 115.1 VHN can
be explained by the synergistic strengthening effect
produced by the reinforcement of SiC and Gd caused
grain refinement. Further, the composite had better
tribological behaviour, having a lower wear rate and
insignificant mass loss during dry sliding. The low
value of porosity of 0.225 -percent and a homogeneous
distribution of density highlight the effectiveness of the
stir-casting process and integrity of the interfacial
bonding.

Unlike in the abstract which only presents the
findings in a summary manner, this conclusion presents
the practical implications of the findings. The
augmented mechanical strength, the wear resistance,
and low density of the made ADCI14-SiC-Gd
composite make it an attractive material of automotive
and engineering elements that work in the high friction
and high load conditions. This work establishes a
foundation for future optimization of rare earth-
modified aluminum matrix composites. Despite the
promising results, this study has certain limitations.
The investigation was limited to a fixed SiC content
(10 wt.%) and a single optimized Gd concentration (0.3
wt.%), which restricts the ability to fully explore the
compositional design space. Additionally, the
microstructural analysis was primarily qualitative, and
advanced quantitative techniques such as grain size
measurement and particle distribution analysis were
not performed. Furthermore, the study focused on as-
cast conditions without considering post-processing
treatments such as heat treatment. Future work will
address these limitations by conducting a broader
parametric study and incorporating advanced
characterization methods.

References

1. S. Farahany et al., The Effect of Bismuth and Tin
on Mechanical and Tribological Performance of
Compocast  Aluminum Hybrid Composites
Reinforced with AI203, ZrO2, and SiC. Journal of
Materials Engineering and Performance, vol. 34,
no. 20, pp. 23418-23434, Mar. 2025, doi:
https://doi.org/10.1007/s11665-025-10987-z

2. S. Farahanyet al., “Tailoring the solidification
behaviour of recycled Al-Fe-Si alloy through
gadolinium additions: a thermal analysis and
microstructural investigation,” Journal of Thermal
Analysis and Calorimetry, vol. 150, no. 18, pp.
14009-14021, May 2025, doi:
https://doi.org/10.1007/s10973-025-14314-5.

3. A. M. H. Altameemi, T. A. Abu Bakar, S.
Farahany, M. A. Sulong, and H. Ghandvar, “Effect
of Gadolinium Addition on the Thermal,
Microstructural, Mechanical, and Tribological
Properties of Recycled Al-0.5Fe-0.5Si
Alloy,” Journal of Materials Engineering and

10.

11.

12.

13.

Performance, Nov. 2025, doi:
https://doi.org/10.1007/s11665-025-12646-9.

Rajasekaran Ambigai and S. Prabhu, “Optimizing
and characterization of Aluminium Dbased

functionally graded Silicon Nitride
composite,” Proceedings of the Institution of
Mechanical Engineers Part C Journal of

Mechanical Engineering Science, vol. 235, no. 18,
pp- 3611-3623, Sep. 2020, doi:
https://doi.org/10.1177/0954406220960784.

Subhash Chandra Ram, K. Chattopadhyay, and A.
Bhushan, “A literature review on Al-Si alloy
matrix based in situ Al-Mg2Si FG-composites:
Synthesis, microstructure features, and mechanical
characteristics,” Proceedings of the Institution of

Mechanical Engineers. Part C, Journal of
mechanical engineering science, vol. 237, no. 4,
pp- 919-940, Sep. 2022, doi:

https://doi.org/10.1177/09544062221124064.

A. A. Bhutto and M. S. Wahab, “Effect of Al203
on Mechanical Properties of Adcl14 Hypereutectic
Alsi Composite,” SSRN Electronic Journal, 2022,
doi: https://doi.org/10.2139/ssrn.4134145

A. Ramanathan, P. K. Krishnan, and R.
Muraliraja, “A review on the production of metal
matrix composites through stir casting — Furnace
design, properties, challenges, and research
opportunities,” Journal of Manufacturing
Processes, vol. 42, pp. 213-245, Jun. 2019, doi:
https://doi.org/10.1016/j.jmapro.2019.04.017.

P. Yadav, A. Ranjan, H. Kumar, A. Mishra, and J.
Yoon, “A Contemporary Review of Aluminium
MMC Developed through Stir-Casting
Route,” Materials, vol. 14, no. 21, p. 6386, Oct.
2021, doi: https://doi.org/10.3390/ma14216386.

J. Hashim, L. Looney, and M. S. J. Hashmi, “The
enhancement of wettability of SiC particles in cast
aluminium  matrix  composites,” Journal  of
Materials Processing Technology, vol. 119, no. 1-
3, pp- 329-335, Dec. 2001, doi:
https://doi.org/10.1016/s0924-0136(01)00919-0..

S. Shinet al, “Dispersion Mechanism and
Mechanical Properties of SiC Reinforcement in
Aluminum Matrix Composite through Stir- and
Die-Casting Processes,” Applied Sciences, vol. 11,
no. 3, p- 952, Jan. 2021, doi:
https://doi.org/10.3390/app11030952.

Y. Song, G. Yang, Y. Liang, H. Xue, and J. Lin,
“Effect of rare-earth element Gd addition on
microstructure of TNM-based TiAl
alloys,” Materials Letters, vol. 358, p. 135879,
Mar. 2024, doi:
https://doi.org/10.1016/j.matlet.2024.135879.

K.-Y. Wang et al., “Improving microstructure and
mechanical properties of hypoeutectic Al-Mg2Si
alloy by Gd addition,” Journal of Alloys and
Compounds, vol. 813, p. 152178, Jan. 2020, doi:
https://doi.org/10.1016/j.jallcom.2019.152178.

J. Chen, L. Gu, and G. He, “A review on
conventional and nonconventional machining of



EPJ Web of Conferences 374, 04001 (2026)
ICEODIS 2026

https://doi.org/10.1051/epjconf/202637404001

14.

15.

16.

17.

18.

19.

20.

21.

22.

SiC  particle-reinforced  aluminium  matrix
composites,” Advances in Manufacturing, vol. 8,
no. 3, pp. 279-315, Jul. 2020, doi:
https://doi.org/10.1007/s40436-020-00313-2.

F. A. Shamim, A. Dvivedi, and P. Kumar,
“Fabrication and characterization of Al6063/SiC
composites using electromagnetic stir casting
process,” Proceedings of the Institution of
Mechanical Engineers, Part E: Journal of Process
Mechanical Engineering, vol. 236, no. 1, pp. 187—
193, Oct. 2021, doi:
https://doi.org/10.1177/09544089211045796.

B. Wu, S. Shang, L. Cai, H. Tang, B. Lei, and Z.
Xu, “Rare earth elements in cast aluminum alloys:
Microstructural ~ control  and  performance
enhancement,” Journal of Rare Earths, Jul. 2025,
doi: https://doi.org/10.1016/].jre.2025.07.028.

S. L. Joy-Yii and D. Kurniawan, “Effect of Rare
Earth Addition on Microstructure and Mechanical
Properties of Al-Si Alloys: An
Overview,” Advanced Materials Research, vol.
845, pp- 27-30, Dec. 2013, doi:
https://doi.org/10.4028/www.scientific.net/amr.84

5.27.

U. Patakham, J. Kajornchaiyakul, and C.
Limmaneevichitr, “Grain refinement mechanism
in an Al-Si—-Mg alloy with scandium,” Journal of
Alloys and Compounds, vol. 542, pp. 177-186,
Nov. 2012, doi:
https://doi.org/10.1016/j.jallcom.2012.07.018.

Y. Li, X. Fan, F. Qin, X. Zhao, and K. Cao,
“Effect of Gd Addition on Hot Deformation
Behavior and Microstructure Evolution of 7075
Aluminum Alloy,” Journal of Wuhan University
of Technology-Mater. Sci. Ed., vol. 39, no. 6, pp.
1595-1612, Nov. 2024, doi:
https://doi.org/10.1007/s11595-024-3030-3.

J. Y. Chang, G. H. Kim, I. G. Moon, and C. S.
Choi, “Rare earth concentration in the primary Si
crystal in rare earth added Al-21wt.%Si
alloy,” Scripta Materialia, vol. 39, no. 3, pp. 307—
314, Jul. 1998, doi: https://doi.org/10.1016/s1359-
6462(98)00168-7.

M. K. Surappa, “Aluminium matrix composites:
Challenges and opportunities,” Sadhana, vol. 28,
no. 1-2, pp. 319-334, Feb. 2003, doi:
https://doi.org/10.1007/bf02717141.

N. Ahamad, A. Mohammad, Moti Lal Rinawa,
Kishor Kumar Sadasivuni, and P. Gupta,
“Correlation of structural and mechanical
properties for Al-Al203-SiC hybrid metal matrix
composites,” Journal of Composite Materials, vol.
55, no. 23, pp. 3267-3280, Apr. 2021, doi:
https://doi.org/10.1177/00219983211011537.

K. Ponhan, P. Jiandon, S. Talangkun, and M.
Kongpuang, “Effect of SiC content on mechanical
and tribological performance of ADCI14-P-SiC
nanocomposites synthesized via ultrasonically
assisted stir casting approach,” Results in
Engineering, vol. 27, p. 106355, Sep. 2025, doi:
https://doi.org/10.1016/j.rineng.2025.106355.

10

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

R. Ambigai and S. Prabhu, “Analyzing the
Mechanical Properties and Characterization of
Aluminium (ADC-14) Based Functionally Graded
Materials (FGM),” Silicon, vol. 14, no. 6, pp.
2839-2850, Mar. 2021, doi:
https://doi.org/10.1007/s12633-021-01050-2.

K. Ponhan, P. Jiandon, S. Talangkun, and M.
Kongpuang, “Effect of SiC content on mechanical
and tribological performance of ADC14-P-SiC
nanocomposites synthesized via ultrasonically
assisted stir casting approach,” Results in
Engineering, vol. 27, Art. no. 106355, 2025, doi:
https://doi.org/10.1016/j.rineng.2025.106355.

W. Liu, W. Xiao, C. Xu, M. Liu, and C. Ma,
“Synergistic effects of Gd and Zr on grain
refinement and eutectic Si modification of Al-Si
cast alloy,” Materials Science and Engineering: A,
vol. 693, pp. 93-100, May 2017, doi:
https://doi.org/10.1016/j.msea.2017.03.097.

Z. SHI, Q. WANG, Y. SHI, G. ZHAO, and R.
ZHANG, “Microstructure and mechanical
properties of Gd-modified A356 aluminum
alloys,” Journal of Rare Earths, vol. 33, no. 9, pp.
1004-1009, Sep. 2015, doi:
https://doi.org/10.1016/s1002-0721(14)60518-4

Y. Sui, Q. Wang, T. Li, B. Yan, H. Jiang, and W.
Ding, “Influence of Gd content on microstructure
and mechanical properties of cast Al-12Si—4Cu-—
2Ni-0.8Mg alloys,” Journal of Alloys and
Compounds, vol. 644, pp. 228-235, Sep. 2015,
doi: https://doi.org/10.1016/j.jallcom.2015.04.164.

R. Jalal, S. Shihab, M. A. Alhadi, and M. Rasheed,

“Spectral Numerical Algorithm for Solving
Optimal Control Using  Boubaker-Turki
Operational ~ Matrices,” Journal ~of  Physics:

Conference Series, vol. 1660, no. 1, p. 012090,
Nov. 2020, doi: https://doi.org/10.1088/1742-
6596/1660/1/012090

N. Assoudiet al., “Comparative examination of
the physical parameters of the sol gel produced
compounds La0.5Ag0.1Ca0.4MnO3 and
La0.6Ca0.3Ag0.1Mn0O3,” Optical and Quantum
Electronics, vol. 54, no. 9, Jul. 2022, doi:
https://doi.org/10.1007/s11082-022-03927-x

O. Alabdali, S. Shihab, M. Rasheed, and T.
Rashid, “Orthogonal Boubaker-Turki polynomials
algorithm for problems arising in
engineering,” 3RD INTERNATIONAL
SCIENTIFIC CONFERENCE OF ALKAFEEL
UNIVERSITY (ISCKU 2021), 2022, doi:
https://doi.org/10.1063/5.0066860.

M. Rasheed, O. Alabdali, S. Shihab, A. Rashid,
and T. Rashid, “On the Solution of Nonlinear
Equation for Photovoltaic Cell Using New
Iterative ~ Algorithms,” Journal — of  Physics:
Conference Series, vol. 1999, no. 1, p. 012078,
Sep. 2021, doi: https://doi.org/10.1088/1742-
6596/1999/1/012078.

M. Rasheed, M. Nuhad Al-Darraji, S. Shihab, A.
Rashid, and T. Rashid, “The numerical
Calculations of Single-Diode Solar Cell Modeling



EPJ Web of Conferences 374, 04001 (2026)
ICEODIS 2026

https://doi.org/10.1051/epjcont/202637404001

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Parameters,” Journal of Physics: Conference
Series, vol. 1963, no. 1, p. 012058, Jul. 2021, doi:
https://doi.org/10.1088/1742-6596/1963/1/012058.

M. Rasheed, S. Shihab, O. Alabdali, A. Rashid,
and T. Rashid, “Finding Roots of Nonlinear
Equation for Optoelectronic Device,” Journal of
Physics: Conference Series, vol. 1999, no. 1, p.
012077, Sep. 2021, doi:
https://doi.org/10.1088/1742-6596/1999/1/012077.

A. Zubaidi, Lamyaa Mahdi Asaad, Igbal Alshalal,
and M. Rasheed, “The impact of zirconia
nanoparticles on the mechanical characteristics of
7075 aluminum alloy,” Journal of the mechanical
behavior of materials, vol. 32, no. 1, Jan. 2023,
doi: https://doi.org/10.1515/jmbm-2022-0302.

E. Kadri, K. Dhahri, R. Barillé, and M. Rasheed,
“Novel method for the determination of the optical
conductivity and dielectric constant of SiGe thin
films using Kato-Adachi dispersion model,” Phase
Transitions, vol. 94, no. 2, pp. 65-76, Feb. 2021,
doi:
https://doi.org/10.1080/01411594.2020.1832224.
L. Huanget al, “The effects of in-situ ZrB2
particles and Gd on the solidification behavior and
mechanical properties of AA6111 matrix
composites,” Journal of Materials Research and
Technology, vol. 15, pp. 278-291, Nov. 2021, doi:
https://doi.org/10.1016/j.jmrt.2021.08.025.

A. M. H. Altameemi, T. A. Abu Bakar, S.
Farahany, M. A. Sulong, and H. Ghandvar, “Effect
of Gadolinium Addition on the Thermal,
Microstructural, Mechanical, and Tribological
Properties of  Recycled Al-0.5Fe-0.5Si
Alloy,” Journal of Materials Engineering and
Performance, Nov. 2025, doi:
https://doi.org/10.1007/s11665-025-12646-9.

M. Okayasu, S. Wu, T. Hirayama, and Y.-S. . Lee,
“Method for reducing aluminum alloy heat loss in
high pressure die casting shot
sleeves,” International Journal of Cast Metals
Research, vol. 31, no. 5, pp. 308-316, Apr. 2018,
doi:
https://doi.org/10.1080/13640461.2018.1470370.
M. Rasheed, 1. Alshalal, A.A. Ashed, M.A.
Sarhan, A.S. Jaber, Indones. J. Electr. Eng.
Comput. Sci. 33 (2024) 653-660.
https://doi.org/10.11591/ijeecs.v33.il.pp653-660

M. Darraji, L. Sagban, T. Mutar, M. Rasheed, A.
Hussein, J. Adv. Biotechnol. Exp. Ther. 6 (2022)
687. https://doi.org/10.5455/jabet.2022.d147

M. Rasheed, et al., J. Adv. Biotechnol. Exp. Ther.
6 (2023) 495,
https://doi.org/10.5455/jabet.2023.d144

M. Al-Darraji, S. Jasim, O. Salah Aldeen, A.
Ghasemian, M. Rasheed, Asian Pac. J. Cancer
Prev. 23 (2022) 3437-3442.
https://doi.org/10.31557/apjcp.2022.23.10.3437

R. Jalal, S. Shihab, M.A. Alhadi, M. Rasheed, J.
Phys.: Conf. Ser. 1660 (2020) 012090.
https://doi.org/10.1088/1742-6596/1660/1/012090

11

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

H.K. Aity, E. Dhahri, M. Rasheed, Ceram. Int.
50(24) Part B (2024) 54666-54687.
https://doi.org/10.1016/j.ceramint.2024.10.324

T. Rashid, M.M. Mokji, M. Rasheed, 54 J. Opt.
(2024) 3671-3683. https://doi.org/10.1007/s12596-
024-02080-w

T. Saidani, M. Rasheed, 1. Alshalal, A.A. Rashed,
M.A. Sarhan, R. Barill¢, Res. Eng. Struct. Mater.
10(2) (2023) 743-770.
https://doi.org/10.17515/resm2023.21ma0922rs

F. Boudou, A. Guendouzi, A. Belkredar, M.
Rasheed, Not. Sci. Biol. 16(2) (2024) 13837.
https://doi.org/10.55779/nsb16211837

S. Shihab, M. Rasheed, O. Alabdali, A.A.
Abdulrahman, J. Phys.: Conf. Ser. 1879 (2021)
022120. https://doi.org/10.1088/1742-
6596/1879/2/022120

A.J. Hussein, M.N. Al-Darraji, M. Rasheed, M.A.
Sarhan, IOP Conf. Ser.: Earth Environ. Sci. 1262
(2023)  022005.  https://doi.org/10.1088/1755-
1315/1262/2/022005

A.J. Hussein, M.N. Al-Darraji, M. Rasheed, IOP
Conf. Ser.: Earth Environ. Sci. 1262(2) (2023)
022007. https://doi.org/10.1088/1755-
1315/1262/2/022007

M. Sellam, M. Rasheed, S. Azizi, T. Saidani,
Ceram. Int. 50(12) (2024) 20917-20935.
https://doi.org/10.1016/j.ceramint.2024.03.094

M. Rasheed, M.N. Al-Darraji, S. Shihab, A.
Rashid, T. Rashid, J. Phys.: Conf. Ser. 1963(1)
(2021)  012058.  https://doi.org/10.1088/1742-
6596/1963/1/012058

M. Rasheed, M.N. Al-Darraji, S. Shihab, A.
Rashid, T. Rashid, J. Phys.: Conf. Ser. 1963(1)
(2021)  012059. https://doi.org/10.1088/1742-
6596/1963/1/012059

M. Rasheed, S. Shihab, O. Alabdali, A. Rashid, T.
Rashid, J. Phys.: Conf. Ser. 1999 (2021) 012077.
https://doi.org/10.1088/1742-6596/1999/1/012077

M. Rasheed, O. Alabdali, S. Shihab, A. Rashid, T.
Rashid, J. Phys.: Conf. Ser. 1999(1) (2021)
012078. https://doi.org/10.1088/1742-
6596/1999/1/012078

O. Alabdali, S. Shihab, M. Rasheed, T. Rashid,
AIP Conf. Proc. 2386(1) (2022) 050019.
https://doi.org/10.1063/5.0066860

N. Assoudi, et al., Opt. Quantum Electron. 54(9)
(2022) 3927. https://doi.org/10.1007/s11082-022-
03927-x

A.H. Ali, A.S. Jaber, M.T. Yaseen, M. Rasheed,
O. Bazighifan, T.A. Nofal, Complexity 2023
9367638 (2022) 1-9.
https://doi.org/10.1155/2023/9852348

D. Bouras, M. Fellah, R. Barille, M.A. Samad, M.
Rasheed, M.A. Alreshidi, Opt. Quantum Electron.
56(104) (2023) 5778.
https://doi.org/10.1007/s11082-023-05778-6

. I. Alshalal, HM.I. Al-Zuhairi, A.A. Abtan, M.

Rasheed, M.K. Asmail, J. Mech. Behav. Mater.



EPJ Web of Conferences 374, 04001 (2026)
ICEODIS 2026

https://doi.org/10.1051/epjconf/202637404001

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

32(1) (2023). https://doi.org/10.1515/jmbm-2022-
0280

E. Kadri, K. Dhahri, R. Barillé, M. Rasheed, Phase
Transit. 94(2) (2021) 65-76.
https://doi.org/10.1080/01411594.2020.1832224

A. Keziz, M. Heraiz, F. Sahnoune, M. Rasheed,
Ceram. Int. 49(20) (2023) 32989-33003.
https://doi.org/10.1016/j.ceramint.2023.07.275

M. Rasheed, et al., J. Phys.: Conf. Ser. 1999(1)
(2021)  012080.  https://doi.org/10.1088/1742-
6596/1999/1/012080

M. Enneffatia, M. Rasheed, B. Louatia, K.
Guidaraa, S. Shihab, R. Barillé, J. Phys.: Conf.
Ser. 1795(1) (2021) 012050.
https://doi.org/10.1088/1742-6596/1795/1/012050

M. Rasheed, O.Y. Mohammed, S. Shihab, A. Al-
Adili, J. Phys.: Conf. Ser. 1795(1) (2021) 012043.
https://doi.org/10.1088/1742-6596/1795/1/012043

S. Shihab, M. Rasheed, O. Alabdali, A.A.
Abdulrahman, J. Phys.: Conf. Ser. 1879(2) (2021)
022120. https://doi.org/10.1088/1742-
6596/1879/2/022120

A. Zubaidi, L.M. Asaad, 1. Alshalal, M. Rasheed,
J. Mech. Behav. Mater. 32(1) (2023).
https://doi.org/10.1515/jmbm-2022-0302

M. Ismael, T. Rashid, M.A. Sarhan, M. Rasheed,
M. Sala, Eureka Phys. Eng. 4 (2023) 29-39.
https://doi.org/10.21303/2461-4262.2023.002770

H. K. Aity, E. Dhahri, M. Rasheed, Ceram. Int.
(2024).
https://doi.org/10.1016/j.ceramint.2024.10.324

I. M. Mohammed, M. Rasheed, AIP Conf. Proc.
3321 (2025) 020026.
https://doi.org/10.1063/5.0289719

F. Boudou, A. Belkredar, A. Berkane, M. Rasheed,
Not. Sci. Biol. 17(2) (2025) 121383.
https://doi.org/10.55779/nsb17212183

F. Boudou, et al., Not. Sci. Biol. 17(3) (2025)
12593. https://doi.org/10.55779/nsb17312593

R.S. Mahmood, et al., J. Mech. Behav. Mater. 34
(2025). https://doi.org/10.1515/jmbm-2025-0040

T. Rashid, M.M. Mokji, M. Rasheed, J. Mech.
Behav. Mater. 34 (2025).
https://doi.org/10.1515/jmbm-2025-0074

M. Rasheed, M.N. Mohammedali, F.A. Sadiq,
M.A. Sarhan, T. Saidani, J. Opt. 54 (2024) 3490-
3504. https://doi.org/10.1007/s12596-024-01928-5

A. 1. A. Ali, M. RASHEED, Effect of changing
magnetite percentage on structural and magnetic
properties of cobalt ferrite prepared by the sol-gel
method, Experimental and Theoretical
NANOTECHNOLOGY, 10 (2026) 277-287.
https://doi.org/10.56053/10.5.277.

A. Khaleefah, M. RASHEED, Sol-gel-derived
mullite nanoparticles: Structural and antibacterial
insights, Experimental and Theoretical
NANOTECHNOLOGY, 10 (2026) 289-300.
https://doi.org/10.56053/10.5.289.

12

78.

79.

80.

Z. S. Ahmed, M. RASHEED, H. S. Ahmed,
Optimizing NiO nanoparticle properties for
antibacterial applications via temperature-driven
structural modification, Experimental and
Theoretical NANOTECHNOLOGY, 10 (2026)
329-342. https://doi.org/10.56053/10.5.329.

Z. S. Ahmed, M. RASHEED, H. S. Ahmed,
Enhancing a-Bi203 nanoparticle crystallinity and

antibacterial ~functionality through controlled
calcination, Experimental and Theoretical
NANOTECHNOLOGY, 10 (2026) 343-356.

https://doi.org/10.56053/10.5.343.

A. 1. A. Ali, M. RASHEED, Effect of sintering
temperature on electrical and structural properties

for spinel ferrites prepared by sol-gel
method, Experimental and Theoretical
NANOTECHNOLOGY, 10 (2026) 239-256.

https://doi.org/10.56053/10.5.239.



