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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 x10-4 mg -N -m-1

and the weight loss was reduced. The porosity and the density of the composite were only 0.225% and 
2.780 g cm-3, 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 
ADC14 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 ADC14-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 
ADC14‑SiC‑Gd hybrid systems [20-22]. 

As such, this investigation aims to develop and 
characterize ADC14 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 
ADC14 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 
ADC14 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 μm, 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 μm 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.%). 

Alloying Element Quantity (wt.%) 
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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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. 
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2 Materials and Methods 

2.1 Materials 
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high-purity Gd, and SiC particles for the development 
of ADC14 hypereutectic AlSi hybrid composite. The 
ADC14 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 μm, were used as ceramic 
reinforcement to enhance mechanical strength and 
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achieve a synergistic improvement in microstructural 
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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 μm 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.%). 

Alloying Element Quantity (wt.%) 
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 

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. 

 
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 ADC14 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-Kα radiation over a 2θ 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. 

 
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 ADC14 
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 ADC14 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 ADC14 
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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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 

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. 

 
Fig. 5. SEM of ADC14-10wt% of SiC and 0.3 wt% of 

Gd 
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 
ADC14-10 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]. 

 
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 

 
Fig. 7: (a) SEM of ADC14-10wt.% 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 α-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 2θ 
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 α-Al is a = b = c = 4.049 Å, with 
lattice angles α = β = γ = 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 = c = 5.431 Å with lattice 
angles α = β = γ = 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 (α-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 α-SiC are a = b = 3.08 
Å and c = 15.12 Å, with lattice angles α = β = 90° and 
γ = 120°, confirming its anisotropic hexagonal 
structure and excellent thermal stability [34, 35, 56]. 

Diffraction peaks in the form of Al2Gd 
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 Å and c = 5.78 Å, and 
lattice angles α = β = 90° and γ = 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 ⁰C. 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 ⁰C. In general, the effectiveness of the 
fabrication of a phase-stable ADC14-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]. 

 
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]. 

 
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=Δσ/Δε≈40 MPa/0.006≈6.7 GPa   (1) 
 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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planes, appearing around 28.4° and 47.3°, consistent 
with JCPDS card No. 27-1402. Silicon possesses 
lattice parameters of a = b = c = 5.431 Å with lattice 
angles α = β = γ = 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 (α-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 α-SiC are a = b = 3.08 
Å and c = 15.12 Å, with lattice angles α = β = 90° and 
γ = 120°, confirming its anisotropic hexagonal 
structure and excellent thermal stability [34, 35, 56]. 

Diffraction peaks in the form of Al2Gd 
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 Å and c = 5.78 Å, and 
lattice angles α = β = 90° and γ = 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 ⁰C. 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 ⁰C. In general, the effectiveness of the 
fabrication of a phase-stable ADC14-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]. 

 
Fig. 8. XRD of ADC14-10wt.% of SiC and 0.3 wt.% of 

Gd 

3.4 Tensile Strength Analysis of ADC14-10wt% 
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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]. 

 
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=Δσ/Δε≈40 MPa/0.006≈6.7 GPa   (1) 
 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, 

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 ADC14 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 
ADC14 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 ADC14-
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 ADC14-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 
ADC14 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 
(wt%) 

Weig
ht 

loss 
(mg) 

Load 
(N) 

Distanc
e (m)  

Wear Rate 
(mg/N.m) SiC Gd ADC

14 

10 0.3 Bal 3.0 5 1000 0.00064 

 

 
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 ADC14 hypereutectic AlSi alloy. The 
frictional output coefficient (FOC) of the ADC14-
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 ADC14 
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 ADC14 hypereutectic 
matrix. Moreover, the incorporation of 0.3 0.3 wt 0.3 
ADC14 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 
ADC14 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 ⁰C. 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/cm3) 

 
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/cm3 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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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 ADC14 hypereutectic AlSi alloy. The 
frictional output coefficient (FOC) of the ADC14-
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 ADC14 
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 ADC14 hypereutectic 
matrix. Moreover, the incorporation of 0.3 0.3 wt 0.3 
ADC14 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 
ADC14 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 ⁰C. 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/cm3) 

 
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/cm3 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. 

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 ADC14–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. 
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