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ABSTRACT: The need to optimize the process parameters in Electrical Discharge Machining (EDM) for aged 
AA7075 Metal Matrix Composites (AAMMCs) is evident as it impacts various aspects such as mechanical properties, 
tool wear, surface finish, integrity, precision, accuracy, process stability, process consistency, and cost-effectiveness. 
In this study, aluminium alloy AA7075 was chosen as the matrix material because of the need to enhance its me-
chanical properties. Titanium Carbide (TiC) was chosen as the reinforcing material owing to its superior mechanical 
properties. Therefore, TiC holds the capability to improve the mechanical attributes of AA7075. The selection of the 
stir cast method for the manufacturing of AA7075/TiC (0, 4, 8, 12, and 16 wt.%) was based on its ease of fabrication, 
ability to achieve a uniform distribution of reinforcements, reduced susceptibility to oxidation and porosity, and im-
proved control over the microstructure. This AA7075/12wt.%TiC MMC underwent an aging process at 520 °C for 
180 min and was subsequently cooled within the furnace environment. The density of the aged and non-aged AA7075/
TiC-based composites was determined through a density test using the Archimedes’ principle. Microhardness testing 
was conducted on the non-aged and aged AA7075-based MMCs employing a Vickers microhardness tester. Tensile 
strength and compressive strength of the aged and non-aged AA7075-based MMCs were determined by the usage of 
a universal testing machine (UTM) and a compression testing machine (CTM). The optimal combination of the man-
ufactured AA7075/TiC MMCs was determined based on their mechanical properties. The most effective combination 
was identified as AA7075/12wt.%TiC MMC due to its superior values in hardness, tensile strength, compressive 
strength, and density compared to other combinations. The aging process aimed to enhance the mechanical properties 
without the need for additional reinforcements. EDAX and X-ray Diffraction Analysis (XRD) tests were employed 
to determine the weight percentage of the matrix and reinforcements and to identify the formation of precipitates in 
the AA7075/12wt.%TiC composites. The SEM equipment was utilized to verify the uniform distribution of titanium 
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carbide in the matrix material AA7075. Optimization of EDM process parameters for aged AA7075/12wt.%TiC composite was car-
ried out using Taguchi design-based Grey Relational Analysis (GRA). The selected input parameters for the optimization included the 
chromium concentration (g⋅l-1), current (amps) and pulse-on time (µs). The response parameters chosen for optimization were surface 
roughness (SR) and tool wear rate (TWR). The sequence of influencing EDM input parameters is chromium concentration, pulse on 
time and current. The optimized EDM process parameters were 8 g⋅l-1 chromium concentration, 5 amps current and 240 µs pulse on 
time and the corresponding response were 0.198 TWR and 1.56 SR.
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RESUMEN: Optimización de los parámetros del proceso de mecanizado por electroerosión (EDM) de materiales compuestos de ma-
triz metálica AA7075/TiC envejecidos. La necesidad de optimizar los parámetros de proceso en el mecanizado por descarga eléctrica 
(EDM) para materiales compuestos de matriz metálica AA7075 envejecidos (MCMM) es evidente ya que afecta a varios aspectos 
como las propiedades mecánicas, el desgaste de la herramienta, el acabado superficial, la integridad, la precisión, la exactitud, la es-
tabilidad del proceso, la consistencia del proceso y la rentabilidad. En este estudio, se eligió la aleación de aluminio AA7075 como 
material matriz debido a la necesidad de mejorar sus propiedades mecánicas. El carburo de titanio (TiC) se eligió como material de 
refuerzo debido a sus propiedades mecánicas superiores. Por lo tanto, el TiC tiene la capacidad de mejorar los atributos mecánicos del 
AA7075. La selección del método de colada por agitación para la fabricación del AA7075/TiC (0, 4, 8, 12 y 16% en peso) se basó en 
su facilidad de fabricación, su capacidad para lograr una distribución uniforme de los refuerzos, la menor susceptibilidad a la oxidación 
y la porosidad, y el mejor control sobre la microestructura. Este MCMM AA7075/12%TiC se sometió a un proceso de envejecimiento 
a 520 °C durante 180 min y posteriormente se enfrió en el entorno del horno. La densidad de los materiales compuestos AA7075/
TiC envejecidos y no envejecidos se determinó mediante un ensayo de densidad utilizando el principio de Arquímedes. Se realizaron 
ensayos de microdureza en los MCMMs sobre la aleación AA7075 envejecida y no envejecida empleando un medidor de microdureza 
Vickers. Se determinó la resistencia a la tracción y a la compresión de los MCMMs tanto envejecidos como no envejecidos mediante 
el uso de una máquina universal de ensayos mecánicos y una máquina de ensayos de compresión. Se determinó la combinación óp-
tima de los MCMMs fabricados (AA7075/TiC) en función de sus propiedades mecánicas. Basados en estos resultados, el MCMM 
más prometedor fue la combinación AA7075/12%TiC debido a sus valores superiores en dureza, resistencia a la tracción, resistencia 
a la compresión y densidad en comparación con otras combinaciones. El proceso de envejecimiento tenía como objetivo mejorar las 
propiedades mecánicas sin necesidad de refuerzos adicionales. Se emplearon microanálisis EDAX y análisis de Difracción de Rayos 
X (DRX) para determinar el porcentaje en peso de la matriz y los refuerzos e identificar la formación de precipitados en el material 
compuesto AA7075/12%TiC. Se utilizó microscopía electrónica de barrido (MEB) para verificar la distribución uniforme del carburo 
de titanio en la matriz AA7075. La optimización de los parámetros del proceso de electroerosión para el MCMM AA7075/12%TiC 
envejecido se llevó a cabo utilizando el análisis relacional gris (GRA) basado en el diseño de Taguchi. Entre los parámetros de entrada 
seleccionados para la optimización, se incluyeron la concentración de cromo (g⋅l-1), la corriente (amperios) y el tiempo de pulsación 
(µs). Los parámetros de respuesta elegidos para la optimización fueron la rugosidad superficial (SR) y la tasa de desgaste de la herra-
mienta (TWR). La secuencia de influencia de los parámetros de entrada de EDM es la concentración de cromo, el tiempo de pulso y la 
corriente. Los parámetros del proceso de electroerosión optimizados fueron 8 g⋅l-1 de concentración de cromo, 5 amperios de corriente 
y 240 µs de tiempo de pulso, y las respuestas correspondientes fueron 0,198 TWR y 1,56 SR.
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ductivity, notable corrosion resistance, and an aestheti-
cally pleasing appearance in their untreated state. Con-
sequently, the construction industry currently accounts 
for 25% of global aluminum production (Foster et al., 
2015). The density of materials exerts diverse effects, 
influencing factors like weight reduction, strength-to-
weight ratio, corrosion resistance, ease of production, 
and suitability across various industries and applica-
tions. The microhardness of materials plays a major 
role in shaping their mechanical and functional char-
acteristics. It is a gauge of the material’s ability to re-
sist indentation or penetration at a microscopic level. 
The ability of materials to carry and distribute loads 
is directly linked to their tensile strength. Materials 
with elevated tensile strength can endure more sub-
stantial loads, rendering them suitable for applications 
involving load-bearing, such as structural components 
in aircraft or automotive engineering. The machinabil-
ity and formability of materials can be influenced by 
their compressive strength. A material with elevated 
compressive strength might pose challenges in ma-
chining and molding processes, thereby affecting pro-
duction operations. The significance of impact strength 
is undeniable in numerous industries and applications 
where materials encounter sudden dynamic loads. It in-
fluences the selection of materials, design parameters, 
safety considerations, and the overall performance and 
durability of products and structures. Materials exhib-
iting robust resistance to creep are essential for avia-
tion engines and components. This is due to the fact 
that these components routinely operate under extreme 
temperatures for prolonged durations. The utilization 
of creep-resistant materials significantly enhances the 
structural integrity and reliability of critical engine 
components. Fatigue is the progressive and localized 
structural degradation that occurs as a material experi-
ences repeated cycles of loading and unloading. 

Recognizing and considering the fatigue character-
istics of materials is essential for constructing durable 
and reliable components across various industries. 
Ductility is the term used to describe a material’s abili-
ty to experience substantial plastic deformation before 
reaching rupture or fracture. Malleability, on the other 
hand, refers to a material’s ability to endure deforma-
tion under compressive stress, enabling it to be shaped 
or hammered into thin sheets without breaking. Di-
verse fabrication methods are employed to form and 
shape materials into finished products or components. 
The choice of manufacturing processes is influenced 
by the properties of the material, the complexity of the 
design, and the intended application, and the different 
fabrication methods are casting, machining, forging, 
stamping, extrusion, injection molding, additive man-
ufacturing, welding, brazing, and powder metallurgy. 
The 7xxx series of aluminum alloy has been employed 
in structural applications for the past several years. The 
aluminum alloys classified as “7XXX,” commonly re-
ferred to as AA7XXX, are predominantly composed 

of aluminum-zinc-magnesium (Al-Zn-Mg) alloys. 
Renowned for their elevated strength-to-weight ratio, 
excellent corrosion resistance, and formability, these 
alloys are widely recognized in various applications. 
They possess good strength, high corrosion resist-
ance, excellent formability, weldability, heat-treata-
bility, moderate to high fatigue strength, and moderate 
electrical conductivity. AA7075 is widely employed 
for manufacturing aerospace components, military 
parts, high-performance sports equipment, automotive 
components, marine structures, rock climbing gear, 
high-pressure vessels, and machinery parts. While alu-
minum alloy AA7075 is noted for its better strength-
to-weight ratio and great performance in a variety 
of applications, it also has limits and concerns such 
as susceptibility to stress corrosion cracking, limited 
weldability, high cost, lower formability, unsuitability 
for elevated temperature applications, brittleness in the 
overaged condition, and limited availability in some 
forms. In recent years, the properties of AA7075 do not 
meet the requirements of various industries used for 
manufacturing automobile components, marine (Rom-
etsch et al., 2014; Zhou et al., 2021). Novel composites 
are produced with high strength-to-weight ratio, high 
corrosion resistance, ductility, toughness, and high 
fatigue resistance to replace AA7075 in various appli-
cations (Khan et al., 2022). The density of AA7075/
B4C MMCs was reduced while adding boron carbide 
by the powder metallurgy technique. The hardness of 
AA7075/B4C MMC increased after subjecting it to 
heat treatment. The hardness of the 20% B4C fortified 
AA7075 sample before heat treatment was 95.34, and 
it increased to 102 after heat treatment (Seyit et al., 
2023). The CNMG-EM insert of grade 6615 demon-
strates a tool life of 8.81 minutes during the turning 
of AA7075/15 wt% SiC (10-20 m). This operation oc-
curs at a feed of 0.15 mm, cutting speed of 90 m⋅min-1, 
nose radius of 0.4 mm and a depth of cut of 0.41 mm. 
Across all cutting parameters, the tool life diminishes 
with increasing particle volume fraction and cutting 
speed. Research indicates that the DOC exerts the most 
substantial physical and statistical impact on tool life, 
with the weight percentage and size of silicon carbide 
particles following in significance (Kumar Bhushan et 
al., 2023). In contrast to conventional metals, nano-
composites exhibit reduced wear rates. 

A reduction in wear rate and friction coefficient is 
observed with an escalation in SiC weight percentage, 
especially at elevated sliding speeds and SiC weight 
fractions. The presence of SiC and other phases in the 
composites is verified through FESEM analysis. Sig-
nificantly, the composite with 4 wt% SiC surpasses the 
Al 7075 matrix metal in terms of friction coefficient, 
weight loss and wear rate (Phaneendra et al., 2023). 
The hardness, ultimate tensile strength (UTS) and yield 
strength (YS) exhibit an increase with higher graphite 
inclusion and longer milling duration. However, elon-
gation to fracture decreases under these conditions. Si-

1. INTRODUCTION

The focal point of this manuscript is to outperform
market competition, adhere to strict emission regula-
tions for environmental preservation, tackle the ener-
gy-deficient global situation, and reduce pollution to 
safeguard the Earth. Utilizing modern materials for 
weight reduction stands out as a highly promising strat-
egy, delivering fuel efficiency without compromising 
vehicle performance. The introduction of lightweight 
composite materials, possessing comparable strength 
and more appealing features than traditional materi-
als, has captured the attention of both enterprises and 
researchers for potential applications across various 

sectors. These materials demonstrate favorable char-
acteristics, such as outstanding corrosion resistance, 
an optimal strength-to-weight ratio, high stiffness, 
adaptability, and various opportunities for functional 
integration (Burande et al., 2021). Moreover, conven-
tional alloys are being substituted with novel compos-
ite materials due to the shortcomings of conventional 
alloys in terms of structural, tribological, and corrosion 
resistance properties (Bandil et al., 2019). The utili-
zation of aluminum alloys for structural purposes has 
experienced substantial growth in recent years, driven 
by their favorable properties. These include a ease of 
fabrication, high strength-to-weight ratio, excellent 
workability, significant ductility, efficient thermal con-
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multaneously, the recrystallized grain size diminishes 
with an increase in both milling duration and graph-
ite concentration. Moreover, in accordance with the 
Hall-Petch relationship, changes in yield strength are 
associated with variations in grain size. The observed 
hardening of the AA7075-Gr composites is attribut-
ed to factors such as grain refinement, formation of 
Mg2Zn2, Al4C3, and Al2O3, as well as the creation of a 
random texture, albeit to a lesser extent (Gutiérrez et 
al., 2023). To achieve the required strength enhance-
ment in Fe1.2NiCrCoAlTi0.8 particles (HEAp) re-
inforced AA7075 alloy, the optimum input combina-
tions include a pressure of 75.2 MPa, 11.7% HEA, and 
a sintering temperature of 447.7 °C (Ogunbiyi et al., 
2023). To enhance wear resistance and contact perfor-
mance, materials like B4C and MoS2 are incorporated 
into AA7075 composites. Additionally, the introduc-
tion of fly ash and Al2O3 particles contributes to im-
proved micro-hardness and overall mechanical proper-
ties (Sharma et al., 2023). The increase in the wt.% of 
reinforcing particles leads to enhanced wear resistance. 
Additionally, the continuous reinforcement of Al2O3 
and SiC particles contributes to improved mechanical 
and wear characteristics (Rao et al., 2023). In com-
parison to both acidic and basic solutions, the overall 
corrosion resistance is considerably lower in aqueous 
solutions for all composites. However, under both 
acidic and basic conditions, the composite containing 
4% TiB2 displays the high corrosion rate (Manojkumar 
et al., 2023). The behaviour of four distinct textured 
drills is evaluated in comparison to a non-textured 
drill. These textured drills include, a groove on the 
flute , perpendicular grooves on the margin a dimple on 
the flute, and parallel grooves on the margin. Among 
these, the dimple-textured drill demonstrates superior 
behaviour due to the enhanced micro-PL effect provid-
ed by micro-dimples in the flute zone (Selvakumar et 
al., 2023). The successful application of the Taguchi 
technique leads to the identification of optimal values 
for input variables, maximizing impact strength, hard-
ness and tensile strength. The experiment reveals that 
the most favorable parameters are a stirring speed of 
600 rpm, a temperature of 600 °C, and a TiO2 content 
of 9 wt%. The model’s R square value of 99.5% indi-
cates a complete fit. The highest Brinell hardness is at-
tained under the following conditions: (i) temperature 
of 660 °C, (ii) stirring speed of 600 rpm, and (iii) a re-
inforcement percentage of 6 wt% (Nithya et al., 2023). 
The dynamic responses of AA7075 and TiC/AA7075 
specimens, fabricated using Arc-DED, are examined 
in as-built and heat-treated conditions. This investiga-
tion is conducted through Split-Hopkinson pressure bar 
tests at room temperature, covering strain rates from 
2000 to 5000 s-1. The results suggest that the inclusion 
of TiC nanoparticles enhances the dynamic character-
istics of AA, particularly after heating process. The 
observed improvement is characterized to the refined 
grain and the resulting betetr phase in the material (Rui 

et al., 2023). The aluminum alloys based composites 
are manufactured by utilizing various techniques such 
as powder metallurgy, stir casting, centrifugal casting, 
and additive manufacturing methods (Pulkit et al., 
2019; Verma et al., 2021). The stir casting technique 
is a very cheap and simple method for manufacturing 
aluminum alloys based composites (Pradhan et al., 
2016; Sharma et al., 2020). Different hard reinforce-
ments such as Silicon Carbide (SiC), Boron Carbide 
(B4C), Aluminum dioxide (Al2O3), Titanium Boride 
(TiB2), Titanium Carbide (TiC), Silicon Nitride (Si3N4) 
Titanium dioxide (TiO2) and Tungsten Carbide (WC) 
are widely employed for reinforcing aluminum alloys 
(Neuman et al., 2017; Meignanamoorthy et al., 2020; 
Bharat and Bose, 2022a). The aging process is need-
ed for enhancing the hardness of the aluminum alloys 
for using in various applications. Besides, the aging of 
aluminum alloys based composites causes an increase 
in the usage of aluminum alloy-based composites in 
different applications (Viswanatha et al., 2021a). The 
increased hardness may be attributed to significant 
morphological changes occurring during mechanical 
deformation, including microstructural refinement, 
densification, and improved homogeneity. For the AA 
7075 aluminum alloy, it is recommended to undergo 
hot deformation at 400 °C and subsequent aging at the 
same temperature for altering both dimensional and 
mechanical characteristics (Vikas et al., 2021). The 
findings indicate that the natural aging process can 
significantly improves the strength of AA7075 due 
to the creation of clusters in the AA matrix. This, in 
turn, expedites the precipitation of the ‘phase during 
subsequent artificial aging treatment (Tai et al., 2022). 
Enhancements in microhardness and wear resistance 
were achieved by elevating the heating temperature 
and prolonging the heating time. In comparison to al-
ternative cooling conditions, furnace cooling yielded 
superior microhardness and wear resistance. The opti-
mized parameters for the age-hardening process were 
determined to be a hardening temperature of 400 °C, a 
hardening duration of 270 min, and furnace cooling as 
the preferred cooling environment. These parameters 
led to improved mechanical and tribological charac-
teristics through increased precipitate formation and 
density augmentation (Ashok Raj et al., 2023). The 
optimization of EDM process parameters on various 
composites is done to improve the machining char-
acteristics. The optimization is done by using various 
techniques such as Taguchi technique, TOPSIS, GRA, 
and various algorithms (Balaji et al., 2023). 

Elevating the machining current in AA7075-SiC 
Composites results in an increased TWR. Therefore, 
an optimal current of 12 amps is recommended for 
machining these composites. Through PCA Taguchi 
analysis, the identified optimal parameters include a 
current of 12 amps, pulse on time of 15 s, pulse off 
time of 1 s, and voltage of 35V. Experimental results 
indicate that while increasing the current enhances the 

MRR, it also leads to higher Tool Wear Rate (TWR) 
and reduced surface smoothness (Bharat and Bose, 
2022b). The research demonstrated that the TWR rises 
from 6 amps to 15 amps and remains relatively con-
stant beyond this current range. Sensitivity Analysis 
highlights that, among the parameters studied, current 
has the most significant influence on the outcomes of 
the trials (Prasanna et al., 2017). Utilizing stir casting, 
AA7075-SiC composites were effectively produced. 
The parameters of EDM, including current, pulse on 
time, and voltage, were fine-tuned to enhance surface 
roughness and achieve the maximum MRR. The op-
timized parameters for improved surface finish were 
identified as A3B2C1 and A2B1C2 for achieving the 
highest MRR. The outcomes from Taguchi’s analysis 
align entirely with the results obtained from ANOVA 
(Sakthivelu et al., 2020). TWR increased with increas-
ing peak current and pulse length, however there was 
no significant fluctuation with varying gap voltages. 
SR was discovered to have a substantial rising tenden-
cy with increasing current and pulse length. However, 
when the gap voltage increased, SR showed a changing 
tendency (Bharat and Bose, 2021; Gupta et al., 2022). 
Based on the experimental results, it is indicated that 
the key factors impacting the material removal rate 
are the pulse ON time and pulse current. As for sur-
face roughness and the electrode wear ratio, the most 
influential parameters are identified as pulse ON time 
and electrode material (Alagarsamy and Ravichandran, 
2021; Bharat and Bose, 2023). The addition of titani-
um carbide improves the mechanical properties of the 
AA2024 based composites. The higher microhardness 
is obtained in the AA2024/TiC composites (Sairam Var-
ma et al., 2018). The inclusion of titanium carbide im-
proves the wear resistance of the AA356/TiC compos-
ites. The higher wear resistance is obtained in AA356/
TiC composite (Kakaravada et al., 2020). The addition 
of TiC into AA6061 matrix material improves the cor-
rosion resistance of the AA6061/TiC composites. The 
higher corrosion resistance is obtained in AA6061/TiC 
composites (Chi et al., 2021). The aging of AA7075/
WC composites enhanced the hardness, compressive 
strength and impact strength of AA7075/WC compos-
ites (Rajaram et al., 2022). The optimization on EDM 
process parameters of AA7075/SiC is done by using 
L16 orthogonal array. The optimized influenced se-
quence of EDM process parameters of AA7075/TiO2 
composites are pulse on, pulse off and current (Balaji 
et al., 2023). Conducted experiments on AISI D2 steel 
involved the incorporation of additives into the dielec-
tric to analyze and enhance the surface properties of the 
steel, leading to improved surface finish during cutting 
(Kumar, 2014). According to the experimental findings 
and GRA, the best process parameters for achieving 
the maximum grey relational grade (GRG) are a a spin-
dle speed of 3000 rpm, Carbide drill material, feed rate 
(F) of 50 m⋅s-1, and 6% reinforcement (Jebarose et al., 
2023).

 The hybrid Taguchi-GRA-PCA strategy for op-
timizing wear behavior process factors has been 
painstakingly created to overcome the constraints of 
single-objective methodologies in issues with numer-
ous performance characteristics (Prianza et al., 2020; 
Bharat and Bose, 2023). The use of Taguchi and GRA 
techniques considerably proves that the effect of speed 
as beahviour element is greater than load, which is a 
stronger factor than wt.% of reinforcements (Ikubanni 
et al., 2021)

Based on the literature review, it is concluded that 
there has been no research conducted on the fabrica-
tion and aging of AA7075/TiC MMCs using stir cast-
ing equipment and a furnace. Additionally, there is a 
lack of research on the optimization of the EDM pro-
cess parameters for aged AA7075/TiC composites. 
Previous studies have researched only the fabrication 
of AA7075/TiC MMCs and also the optimization of 
EDM process parameters of AA7075 MMCs without 
applying and aging treatment. Besides, no previous re-
search has been done by taking into account the wt.% 
of chromium additive as one of the input parameters 
during the optimization of EDM process parameters 
on AA7075/TiC MMCs. In this research, the optimi-
zation of EDM process parameters for aged AA7075/
TiC composite is performed using grey relational anal-
ysis (GRA), with the selection of current, chromium 
concentrations and pulse-on time as input parameters, 
and tool wear rate (TWR) and surface roughness (SR) 
as response parameters. The novelty of this research 
lies in optimizing EDM process parameters for aged 
AA7075/TiC by incorporating the chromium concen-
trations as one of the EDM input parameters. Previous 
studies have utilized additives with dielectric fluid, but 
none have investigated the use of chromium additives 
as an input parameter in EDM. The optimized weight 
percentage of chromium as an additive with the dielec-
tric fluid is expected to influence the TWR and SR of 
AA7075/TiC MMCs.

2. MATERIALS AND METHODS

2.1. Materials

AA7075 found widespread application in aero-
space where the demand for better strength and low 
weight was critical. Additionally, it was employed in 
the fabrication of structural components for the au-
tomotive industry and the construction of high-per-
formance bicycle frames. AA7075, a representative 
Al-Zn- Cu Mg alloy, stood as the most extensively 
researched series among aluminum alloys. Within 
the 7xxx series, it held pre-eminence due to its ex-
ceptional combination of properties, encompass-
ing high strength, heightened toughness, excellent 
electrical and thermal conductivity, notable wear 
and abrasion resistance, resilience to damage at el-
evated temperatures, commendable creep resistance, 
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fatigue strength and the higher failure elongation. 
This versatility rendered it the preferred choice 
across diverse sectors, including submarines, aero-
space, ships, prosthetic devices, rail vehicles, pres-
sure vessels, trucks, machinery, and aircraft compo-
nents such as lower drag brace ventral fins, landing 
gears and helicopter blades. Its utility further ex-
tended to electronics, military applications, and the 
automotive industry, where it found application in 
brake calipers, pistons, wheels   and rocker arms. 
The AA7075 aluminum alloy was renowned for its 
impressive strength-to-weight ratio and was part of 
the 7000 series of aluminum alloys, recognized for 
their exceptional strength. The designation “AA” in 
AA7075 represented the Aluminum Association, 
the entity responsible for categorizing aluminum 
alloys. AA7075 was distinguished by its formidable 
strength, comparable to that of many steels, and was 
often employed in applications requiring robustness. 
Additionally, being heat-treatable, AA7075 allowed 
for the enhancement of its mechanical properties 
through heat treatment, facilitating the customiza-
tion of the alloy’s characteristics for specific purpos-
es. While aluminum, known for its robust corrosion 
resistance, generally exhibited this property well, 
AA7075, unlike some other aluminum alloys, par-
ticularly those in the 6000 series, was not as corro-
sion resistant; furthermore, AA7075 was commonly 
considered to have poor weldability, requiring care-
ful welding procedures to minimize cracking, and 
post-welding heat treatment might be necessary. 
AA7075 demonstrated moderate machinability, al-
lowing for machining through conventional process-
es. However, its considerable strength might present 
challenges related to tool wear during machining. 
AA7075 exhibited robust fatigue resistance, render-
ing it suitable for applications with cyclic stress. De-
spite its notable strength, AA7075 might possess less 
resilience compared to certain other aluminum al-
loys. Toughness, a measure of a material’s ability to 
withstand energy and subjects to plastic deformation 
before fracturing, was a key aspect to consider. The 
moderate properties of AA7075 were not enough 
to fulfil the requirements of the fastest-growing in-
dustries such as military, automobile and marine. 
Hence, the aluminum alloy needed enhancement of 
mechanical properties (Huda A and Vignesh Ku-
mar V). So, the aluminum alloy 7075 was nominat-
ed as the matrix material in this investigation. The 
titanium carbide was nominated as reinforcements 
because of its excellent mechanical properties. Tita-
nium carbide (TiC), a refractory ceramic known for 
its elevated hardness, exceptional wear resistance, 
and high thermal conductivity, was well-suited for 
applications requiring efficient heat transmission. 
Its sought-after properties, including wear resist-
ance, made it ideal for cutting tools, wear-resistant 
coatings, and scenarios demanding resistance to 

abrasion. Moreover, titanium carbide typically dis-
played corrosion resistance, rendering it appealing 
for use in corrosive environments, further comple-
mented by its inherent hardness. The AA7075 was 
acquired from Trichy metals, Trichy, Tamil Nadu, 
India, and it was acquired in cylindrical rod form. 
The titanium carbide reinforcement was acquired 
from Sigma Ulrich. The TiC was acquired in the 
form of powder with a particle size of 10 µm. The 
particle size of titanium carbide was measured by 
employing Particle Size Analyzer (PSA). The SEM 
image of reinforcement TiC is displayed in Fig. 1. 
The shape of the titanium carbide was elliptical, 
and it was easily bonded with the matrix material, 
and the load-carrying capacity was also high. Ellip-
tical shapes, in contrast to spherical particles, could 
provide enhanced reinforcement along specific ori-
entations. The improved fracture arrest capabilities 

of elliptical forms, compared to spherical particles, 
contributed to increased toughness. The crack prop-
agation was easily prevented by this elliptical shape 
of TiC. The elements presented in the AA7075 are 
displayed in Table 1, (HassabAlla et al., 2022). The 
details of AA7075 and TiC are displayed in Table 2.

2.2. Fabrication and ageing of composites

The AA7075/xTiC (x=0, 4, 8, 12, and 16 wt.%) 
MMCs were manufactured by utilizing the stir cast-
ing setup. The flow chart of the stir casting process 
of AA7075/TiC MMCs was displayed in Fig. 2. The 
stir casting setup was displayed in Fig. 3. The ac-
quired AA7075 was sized into a small cylindrical rod 
by a hacksaw. The reinforcement TiC was preheated 
at 250 °C for a duration of 30 min. The small-sized 
matrix AA7075 was placed into the crucible furnace 
of the stir casting setup. The furnace was heated 
to 800 °C, the melting temperature of the AA7075 
matrix material (Agrawal, et al., 2023). The preheat-
ed titanium carbide was fed into the crucible fur-
nace of the stir casting setup to mix with the melted 
AA7075 matrix material. 2 wt.% of magnesium was 
included in the crucible furnace to improve the bond-
ing between the AA7075 and TiC (Sethi et al., 2020). 
The mechanical stirrer was utilized to mix the melt-
ed matrix AA7075 material and TiC reinforcement. 
The stirrer was rotated at a speed of 300 rpm for a 
rotating duration of 10 min. The mixed AA7075 and 
TiC were poured into the die to solidify the mixed 
AA7075/TiC composite material. The square-sized 
die with dimensions of 152x152x22 mm³ was used 

for stir casting of AA7075/TiC MMCs, and also, a 
cylindrical-shaped die with a diameter of 32 and a 
length of 120 mm was used. The casted sample sizes 
were 100x100x10 mm and 100 mm length x 20 mm 
diameter. The same procedure was repeated for man-
ufacturing the AA7075/xTiC (x=0, 4, 8, 12, and 16 
wt.%) MMCs. The casted AA7075/TiC composites 
were further aged at 520 °C for a duration of 3 h in 
the electrical muffle furnace, and the heated AA7075/
TiC composite was quenched in water. The quenched 
AA7075/TiC composites were further heat-treated at 
250 °C for a duration of 4 h, and they were cooled 
in the muffle furnace itself. The aging procedure was 
followed for aging the AA7075/xTiC (x=0, 4, 8, 12, 
and 16 wt.%) MMCs.

2.3. Testing of composites  

The micro hardness, tensile, compressive, and densi-
ty tests were conducted on aged AA7075/xTiC (x=0, 4, 
8, 12, and 16 wt.%) MMCs to measure the Vickers mi-
crohardness, the compressive strength, tensile strength 
and density. The aged AA7075-based composites were 
cut into the required ASTM standard shape by utilizing 
wire cut EDM. The Archimedes principle was utilized 
to find the density of the aged AA7075/TiC compos-
ites. The microhardness of aged AA7075/TiC compos-
ites was determined by conducting a hardness test as 
per ASTM E384 with the help of a Vickers hardness 
tester (M V - 5, R 1 – 2970 HV). The Vickers hardness 
test was conducted at the loading condition of 300 g 
for a loading duration of 10 s. Three trials were done, 
and the average value had been taken. A composite ma-
terial’s performance under axial stretching force was 
assessed through a tensile test, conducted employing a 
10 kN Instron computerized universal testing machine 
(UTM). The test samples were manufactured in adher-

Figure 1. SEM image of  TiC.

Table 1. Chemical composition of Al7075

Elements Ti Mg Fe Si Cr Zn Mn Cu Al

Wt.% 0.08 2.5 0.23 0.09 0.21 5.99 0.05 1.6 Bal.

Table 2. Properties of matrix and reinforcements

Property TiC Al7075

Tensile Strength 338 256 MPa

Melting Point 3170 °C 800 °C

Poisson ratio 0.27 0.3

Density 4.94 g/cm³ 2.81 g/cm³

Modulus of Elasticity 412 190 GPa

Purity 99 99.5

Particle size 10 µm - Figure 2. Flow chart for stir casting process of  AA7075/TiC 
composites.

Figure 3. Stir casting setup.
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ence to the ASTM E08 standard. The tensile fractured 
surface was analyzed by utilizing a scanning electron 
microscope (SEM) to determine the fracture mech-
anism. The compression test utilized a computerized 
UTM (UNIVERSAL 2001 - UTE 40) with a 40 KN 
load capacity. Test samples were manufactured follow-
ing the ASTM E9 standard. The compressive strength 
was measured at a crosshead speed of 2 mm⋅min-1. 
The best combination of aged AA7075/TiC compos-
ites was determined based on its density, microhard-
ness, tensile strength, and compressive strength. The 
X-ray diffraction analysis and EDAX microanalysis 
were done on the best combination of AA7075/TiC 
composites. The microstructure of the best combina-
tion of AA7075/TiC composites was characterized us-
ing scanning electron microscopy. This aged AA7075/
TiC composite was polished by employing 600, 800, 
1000, and 1200 grit sheets. The surface roughness of 
polished aged AA7075/TiC composite was about 1 
µm. To reveal the microstructure AA7075/TiC com-
posite was etched using Keller’s reagent. The constit-
uents of Keller’s reagent were 2.5 ml HNO3, 1.5 ml 
HCl, 1 ml HF and 95 ml Distilled Water (Kumar et al., 
2023). The enhancement of micro hardness causes it to 
be very hard to machine, and hence the determination 
of the optimized parameters of machining is needed 
(Bharat and Bose, 2023). The EDM parameters were 
optimized for best aged AA7075/TiC composite. The 
EDM model used is SPARKONIX India Pvt. The die-
lectric fluid was mixed with chromium for obtaining a 
better machining surface. The chromium concentration 
(0, 4, 8 g/litre), pulse on time (120, 240, and 360 µs), 
and current (5, 10, and 15 amps) were chosen as input 
parameters (Sivasamy et al., 2021).

The pulse-on time, also known as the “on-time” or 
“pulse duration”, denoted the duration of an electri-
cal discharge or spark between the electrode and the 
work piece. This interval encompassed the generation 
of a high-frequency electrical discharge that produced 
intense heat concentrated at a specific location on 
the work piece. As a result of this concentrated heat, 
material removal occurred through the processes of 
melting and vaporization. Consequently, the pulse-on 
time emerged as a critical parameter influencing not 
only the depth of material removal but also the sur-
face quality and the amount of energy delivered to the 
work piece. In EDM, the primary role of the current 
was to initiate electrical discharges or sparks between 
the electrode and the work piece. This phenomenon 
occurred when a voltage potential was applied across 
the two components in the presence of a dielectric 
fluid. The electrical discharges generated during this 
process produced significant heat at the contact point 
between the electrode and the work piece. Notably, 
the current level had a direct impact on the wear of 
the electrode, with higher currents leading to more 
substantial wear, thereby reducing tool life and ne-
cessitating frequent replacement or treatment of the 

electrode. In the context of EDM, the control of the 
current level was a crucial factor in achieving the 
required accuracy and precision. By regulating the 
current, it became possible to manage the depth and 
shape of the machined features with precision. The 
pulse on and pulse-off parameters have the same ef-
fect in opposite poles. Hence, pulse-on is selected 
as one of the parameters with current. The response 
parameters were chosen as the TWR and SR. The 
pulse-on and current directly influenced TWR and SR 
more than any other input parameters. Besides, the 
chromium concentration also directly influenced the 
TWR and SR of AA7075/TiC MMCs. So the pulse-

on, current, and chromium concentration were se-
lected as input parameters. The TWR and SR were 
selected as response parameters due to the enhanced 
hardness of aged AA7075/TiC MMC. The enhanced 
hardness of aged AA7075-based composites was 
difficult to machine in EDM, and it consumed large 
current, extended pulse on. Besides, high pulse-on 
and large current caused a decrease in the life of the 
electrode and heavily affected the surface finish of the 
machining surface, requiring secondary operations to 
obtain a greater surface finish. Besides, more research 
was done by taking material removal rate (MRR) and 
TWR, and no research has been done on the optimiza-
tion of EDM process by taking TWR and SR together. 
The chromium concentration was taken as one of the 
input parameters, which caused more heat dissipation 
from the machining area and hence enhanced the life 
of the electrode and improved surface finish. An ad-
ditive helped to improve cooling, reduce tool wear, 
enhance the flushing of debris, improve surface finish, 
stabilize the spark, and prevent corrosion. The EDM 
setup was displayed in Fig. 4. The experimental set-
up was displayed in Table 3. The L9 orthogonal array 
was chosen for optimization, and it was done by using 
GRA. The EDM input parameters with L9 OA were 
displayed in Table 4 (Bharat et al., 2022b).     

The GRA was utilized for the optimization of EDM 
process parameters of the best combination of aged 
AA7075/TiC MMC. The first step in GRA involved 
data pre-processing, wherein the TWR and SR experi-
mental data underwent standardization to fit within the 
zero to one range. This standardization was necessary 
when there were variations in the range and unit of 
one dataset compared to another. The purpose of data 
pre-processing was to transform a sequence into one 
that is comparable to the original. Multiple methods 
for data pre-processing in GRA were available, and 
the selection depended on the specific parameters of 
the data series. If the inherent property of the original 
sequence was characterized by “lower-the-better,” it 
should be normalized as outlined in the provided equa-
tion (Viswanathan et al., 2021b).

Here, i = 1, 2,..., m, and k = 1, 2,..., n represent the 
original reference sequence and pre-processed data. 
The notation  represents the normalized val-
ue,  denotes the intended sequence,  
signifies the minimum value in the sequence, and 

 represents the sequence’s maximum 
value. The total number of observations is n, while 
the number of experiments is m.

The grey relational coefficient (GRC) is a GRA 
measure used to assess the applicability of two sys-
tems or sequences. The GRC is determined by using 
the following equation.

Where  (k) is also known as the deviation se-
quence and duplicates the difference between x0(k) 
and  (k). In most circumstances, the value is lower 
and the distinct ability is greater, hence = 0.5 is used.

The grey relational grade (GRG) is typically de-
rived by taking the average value of the GRC. The 
GRG is used to assess multi-response characteristics 
and it is determined by using the equation.

The higher the GRG, the closer the linked experi-
mental result is to the ideal normalised value.

3. RESULTS AND DISCUSSION

3.1. Vickers micro hardness test

The AA7075/xTiC (x=0, 4, 8, 12, and 16 wt.%) 
composites, both aged and non-aged, underwent 
Vickers microhardness testing. Three trials were 

Figure 4. EDM setup.

Table 3. Experimental setup

S. No Description Conditions

1 Electrode material 
and size

Copper rod with 110 mm 
length and 10 mm diameter

2 Work piece Aged AA7075/12wt.%TiC 
composite

3 Additive for mixing 
with dielectric 
medium 

Chromium with average 
particle size of 15 µm

4 Dielectric medium Kerosene

5 Polarity Reverse

6 Dielectric side flus-
hing pressure

1 kgf/cm2

Table 4. L9 with EDM parameters

Experiment No. Vol.% chromium (g/litre) Pulse on time (µs) Current (amps)

1 0 120 5

2 0 240 10

3 0 360 15

4 4 120 10

5 4 240 15

6 4 360 5

7 8 120 15

8 8 240 5

9 8 360 10

https://doi.org/10.3989/revmetalm.245
https://doi.org/10.3989/revmetalm.245


10 • Prabu Rajendran et al.

Revista de Metalurgia 59(3), July-September 2023, e245, ISSN-L: 0034-8570. https://doi.org/10.3989/revmetalm.245 Revista de Metalurgia 59(3), July-September 2023, e245, ISSN-L: 0034-8570. https://doi.org/10.3989/revmetalm.245

Optimization on the electrical discharge machining (EDM) process parameters of aged AA7075/TiC metal matrix composites • 11

performed, and the average Vickers microhardness 
value was utilized to analyze the impact of rein-
forcement and aging. The results of the Vickers mi-
crohardness test are presented in Table 5. Figure 5 
illustrates the comparison of Vickers microhardness 
between aged and non-aged AA7075/TiC MMCs. 
From the obtained results of microhardness, the 
aged AA7075/TiC MMCs had higher microhard-
ness than its corresponding non-aged AA7075/TiC 
MMCs due to the obtained fine grain structure and 
growth of precipitates. Titanium carbide is a resilient 
and durable ceramic material. Incorporating TiC re-
inforces the matrix through solid solution strength-
ening, a process in which improved hardness results 
from interactions between alloying elements and the 
reinforcing particles. Fine particles, including TiC, 
precipitate and act as efficient hindrances to the 
movement of dislocations. Dislocations, which are 
defects in the crystal structure of a material and can 
contribute to plastic deformation, encounter these 
obstacles. The presence of these hindrances restricts 
the mobility of dislocations, making their movement 
through the material more challenging. This en-
hanced dislocation pinning contributes to an overall 
enhancement in microhardness (Alam Mohammad 
et al., 2023). The enhancement of microhardness in 
AA7075 resulting from the introduction of titani-

um carbide (TiC) is primarily attributed to the rein-
forcing effect of TiC particles within the composite 
material. As TiC is incorporated into the matrix of 
AA7075, it acts as a strengthening agent, leading to 
an augmentation of microhardness. When distribut-
ed within the less robust matrix of AA7075, these 
TiC particles exhibit resistance to deformation, ulti-
mately leading to a general enhancement in the mi-
crohardness of the composite.

The presence of TiC particles had the potential 
to hinder the movement of dislocations within the 
crystal lattice of the material. Dislocations repre-
sented flaws in the crystal structure that could move 
and play a role in deformation. By restraining dislo-
cation mobility, TiC functioned to fortify the materi-
al, leading to a rise in microhardness. Furthermore, 
the reinforcement from TiC improved the load-bear-
ing capacity of the composite, indicating that these 
particles effectively carried and distributed applied 
stresses. This, in turn, reduced the likelihood of lo-
calized deformation and contributed to an overall 
increase in the material’s hardness. The addition of 
titanium carbide into matrix AA7075 improved mi-
crohardness value up to 12 wt.% and decreased by 
16 wt.% TiC addition in both the aged and non-aged 
cases. The higher microhardness of 156 HV was ob-
tained at 12 wt.% TiC addition due to the better 
bonding of TiC with AA7075 and obtained uniform 
distribution of TiC in matrix AA7075. The concen-
tration of 12 wt.% TiC was probably an optimal 
equilibrium between reinforcement and the amount 
of TiC added. This particular concentration provid-
ed a sufficient quantity of TiC particles to enhance 
microhardness without inducing issues such as ag-
glomeration or excessive reinforcing, leading to an 
overall improvement in hardness. The synergistic 
effect arising from the optimal bonding and uni-
form dispersion probably maximized the reinforcing 
properties of TiC (Fan et al., 2020). In comparison 
to other concentrations, this synergy contributed 
to an overall enhancement in microhardness. The 
correct concentration of TiC diminished the likeli-
hood of structural flaws or disruptions within the 
matrix. A uniform distribution and strong bonding 
decreased the presence of voids, discontinuities, or 
other structural imperfections that could compro-

mise microhardness. The decrease in microhardness 
with the addition of 16 wt.% of TiC was due to the 
over-accumulation of TiC into matrix AA7075. The 
decline in microhardness resulting from incorporat-
ing 16 wt.% TiC could stem from factors such as 
agglomeration, over-reinforcement, interstitial al-
loying, structural changes, or suboptimal processing 
conditions (Golla et al., 2023). The specific reasons 
for this effect would be contingent on the properties 
of the composite material, the interactions between 
TiC and the matrix, and the entirety of the manu-
facturing process.   

3.2. Density test

The density of both non-aged and aged AA7075 
composites was determined using the Archimedes 
principle, and the results are presented in Table 6. A 
comparison of the density of non-aged and aged com-
posites is illustrated in Fig. 6. The incorporation of 
high-density titanium carbide enhanced the density 
of AA7075/TiC composites up to a 12 wt.% inclusion 
and decreased the density with a 16 wt.% inclusion in 
both aged and non-aged conditions. The addition of 
TiC, characterized by its high density, contributed to 
an overall elevation in the composite’s density. When 
these denser TiC particles were uniformly dispersed 

throughout the matrix, they introduced additional mass 
to the material, leading to an increased overall density. 
At concentrations below 12 wt.%, TiC particles had the 
ability to effectively occupy voids within the matrix, 
decreasing porosity and fostering a more condensed 
structure. This filling process resulted in an augment-
ed overall density of the composite (Manohar et al., 
2023). Incorporating TiC could lead to heightened po-
rosity and the clustering of particles beyond a certain 
concentration (16 wt.% in this instance). An excess of 
TiC might generate spaces or voids between particles, 
elevating porosity and reducing the material density 
(Wang et al., 2023). Due to alterations in the compos-
ite’s microstructure, the density might be influenced 
by the ageing process. The precipitation and structural 
changes induced by ageing could affect the distribu-
tion and interaction of TiC particles within the matrix, 
thereby modifying the overall density. The elevated 
concentration of titanium carbide in the AA7075 ma-
trix increased porosity, leading to a reduction in den-
sity. Notably, the highest density was observed in the 
AA7075/12wt.%TiC composite for both aged and non-
aged composites. The higher density of 2.889 g⋅cm-3 

was obtained in aged AA7075/12wt.%TiC MMC.

3.3. Tensile strength 

The tensile strength of both non-aged and aged 
AA7075/TiC MMC was determined by conducting 
a tensile test. From Fig. 7 and Table 7, it can be con-
cluded that the tensile strength of aged AA7075/TiC 
MMC was higher than that of its non-aged coun-
terpart. Additionally, the addition of TiC to the 
AA7075 matrix material enhanced tensile strength 
up to 12 wt.% but decreased it with the addition of 
16 wt.%. The higher tensile strength of 312.8 MPa 
was obtained from aged AA7075/12wt.%TiC MMC. 
The introduction of TiC particles into the AA7075 
matrix had the potential to enhance the tensile 
strength through mechanisms such as load trans-
fer, Orowan strengthening, and dislocation pinning 
(Khan et al., 2022). The aging process resulted in the 
formation and growth of precipitates, such as the 
η’ (eta prime) phase, contributing to the increased 
tensile strength of the alloy. The effective reinforce-
ment and strengthening provided by the TiC parti-

Table 5. Results of Vickers micro hardness test

S. No Specimens
Vickers micro hardness

Non aged AA7075/TiC Aged AA7075/TiC

1 AA7075 94 106

2 AA7075/4wt.%TiC 109 124

3 AA7075/8wt.%TiC 128 139

4 AA7075/12wt.%TiC 146 158

5 AA7075/16wt.%TiC 138 147
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Figure 5. Comparison of  results for Vickers hardness test of 
AA7075/TiC composites.

Figure 6. Comparison of  results for density test of  AA7075/
TiC composites.
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Table 6. Results of density test

S. No Specimens
Density (g·cm-3)

Non aged AA7075/TiC Aged AA7075/TiC

1 AA7075 2.832 2.848

2 AA7075/4wt.%TiC 2.849 2.861

3 AA7075/8wt.%TiC 2.858 2.875

4 AA7075/12wt.%TiC 2.876 2.889

5 AA7075/16wt.%TiC 2.865 2.881
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SEM image of AA7075/12wt.%TiC MMC con-
firmed that the obtained fracture mechanism was 
partially ductile and partially brittle. The SEM im-
age of the fractured surface of AA7075/16wt.%TIC 
confirmed that the obtained fracture mechanism 
was purely brittle. Images from the SEM were useful 
in analyzing the fracture surface morphology. The 
presence of a partially ductile and partially brittle 
fracture in the AA7075/12wt.%TiC MMC implies a 
more complicated fracture behavior, perhaps involv-
ing matrix and reinforcement interactions (Bedol-
la-Becerril et al., 2023). The purely brittle fracture in 
the AA7075/16wt.%TiC MMC, on the other hand, 
indicates that the material is more prone to brittle 
failure, presumably due to a greater TiC concentra-
tion and clustering.

3.4. Compressive strength

The compressive strength of non-aged and aged 
AA7075/xTiC (x=0, 4, 8, 12, and 16 wt.%) is dis-
played in Table 8 and Fig. 9. From Fig. 8, the inclu-
sion of TiC into matrix AA7075 improved compres-
sive strength up to 12 wt.% and decreased by 16 wt.% 
in both non-aged and aged AA7075/TiC MMCs. 
The higher compressive strength of 326 MPa was 
obtained from aged AA7075/12wt.%TiC MMC. In 
the presence of lower TiC concentrations (up to 12 

wt.%), the reinforcement had the potential to mark-
edly enhance compressive strength through mech-
anisms like load-bearing, dislocation prevention, 
and plastic deformation. The introduction of TiC 
particles at an optimal concentration could decrease 
resistance to compression, leading to an overall in-
crease in compressive strength. Upon surpassing 
the optimal concentration (16 wt.%), the additional 
TiC particles might initiate adverse effects, includ-
ing agglomeration or clustering (Sambathkumar et 
al., 2017). The surplus TiC could induce stress con-
centrations and act as sites for fracture initiation, 
leading to a reduction in compressive strength. The 
clustering of reinforcement might hinder the mate-
rial’s ability to undergo plastic deformation, conse-
quently contributing to earlier failure. Higher con-
centrations might also lead to uneven distribution 
or clustering, resulting in localized weaknesses and 
diminished compressive strength.

3.5. Metallurgical Examination

The aged AA7075/12wt.%TiC composite under-
went metallurgical examination such as EDAX and 
XRD to determine the presence of elements and pre-
cipitates. The EDAX microanalysis is displayed in 
Fig. 10. The elements Al, Ti, C, Zn, Cu, Mg, and Si 
were present in the aged AA7075/12wt.%TiC MMC. 

Table 7. Results of Tensile strength

S.No Specimens
Tensile strength (MPa)

Non aged AA7075/TiC Aged AA7075/TiC

1 AA7075 248 258.6

2 AA7075/4wt.%TiC 261.5 269.4

3 AA7075/8wt.%TiC 283.9 292.6

4 AA7075/12wt.%TiC 305 312.8

5 AA7075/16wt.%TiC 296.4 303.4
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Figure 7. Comparison of  results for tensile test of  AA7075/
TiC composites.

Figure 9. Comparison of  results for compression test of 
AA7075/TiC composites.

Figure 10. EDAX result of  aged AA7075/12wt. %TiC com-
posite.

Figure 8. SEM image of  fractured surface of  tensile tested aged AA7075/TiC composites.

cles could be responsible for the increase in tensile 
strength of up to 12 wt.% upon the addition of TiC. 
The bonding strength of TiC with matrix AA7075 
is high, which causes the enhancement of tensile 
strength. Beyond a 16 wt.% concentration, an excess 
of TiC particles could lead to issues like clustering, 
agglomeration, or other adverse effects, diminishing 
the overall effectiveness of reinforcement and poten-
tially inducing stress concentrations. The fractured 
surfaces of aged AA7075/xTiC (x=0, 4, 8, 12, and 
16 wt.%) MMC were analyzed with the help of an 
SEM. The SEM image of the fractured surfaces of 
AA7075/TiC MMCs is displayed in Fig. 8. The SEM 
image of the fractured surface of AA7075 revealed 
that the fractured surface was due to ductile failure. 
The addition of TiC into matrix AA7075 converted 
the fracture mechanism from ductile to brittle. The 

Table 8. Results of Compressive strength

S. No Specimens
Compressive strength (MPa)

Non aged AA7075/TiC Aged AA7075/TiC

1 AA7075 262 269

2 AA7075/4wt.%TiC 276 285

3 AA7075/8wt.%TiC 297 304

4 AA7075/12wt.%TiC 316 326

5 AA7075/16wt.%TiC 302 309
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The XRD result of the aged AA7075/12wt.%TiC 
composite confirmed the presence of precipitation. 
The XRD pattern is displayed in Fig. 11. The pre-
cipitates Mg2Zn, Mg2Si, and reinforcement TiC 
enhanced the micro hardness, density, tensile, and 
compressive strength (Prakash et al., 2023). The 
high hardness characteristics of Mg2Zn, Mg2Si, and 
TiC enhanced the mechanical properties of the aged 
AA7075/12wt.%TiC composite.

The SEM image of the microstructure of the aged 
AA7075/12wt.%TiC composite is displayed in Fig. 
12. The titanium carbide is spread uniformly over 
the entire matrix material. The SEM image of the 
aged AA7075/12wt.%TiC MMC reveals that there is 
no oxide formation. The Mg2Zn, Mg2Si, and Al2Cu 
precipitates are formed during aging, and they are 
displayed in the SEM image of AA7075/12wt.%TiC 
composite. The hard nature of Mg2Zn and Mg2Si en-
hances the micro hardness, tensile, and compressive 
strength of the aged AA7075/12wt.%TiC MMC. 
The high ductile property of Al2Cu enhances the 

ductile property of the aged AA7075/12wt.%TiC 
MMC (Rajaram et al., 2022).

3.6. Optimization of EDM parameters  

The optimization of EDM process parameters for 
the best combination of aged AA7075/12wt.%TiC 
MMC was performed using GRA optimization. The 
EDM input parameters for optimization were wt.% of 
chromium concentration, pulse-on time, and current. 
The response parameters for optimization were TWR 
and SR. The L9 orthogonal array was employed for 
optimization, and Table 9 shows TWR and SR for the 
L9 input parameters combination. Each combination 
of EDM input parameters of L9 was set in the EDM 
machine separately, and responses (TWR and SR) 
were noted. The TWR and SR for L9 OA were opti-
mized using GRA optimization, which involved nor-
malization, deviation sequence, GRC, and GRG steps. 
Table 10 displays the results of GRA optimization for 
EDM process parameters of aged AA7075/12wt.%TiC 
MMC. A higher value of the normalization value of L8 
represents lower TWR and SR, while a lower value of 
normalization of L3 represents higher TWR and SR. 
Similarly, higher values of deviation sequence, GRC, 
and GRG of L8 represent lower TWR and SR, while 
lower values of these parameters for L3 represent high-
er TWR and SR. Therefore, the GRA optimization of 
EDM process parameters for aged AA7075/12wt.%TiC 
MMC indicates that lower TWR and SR were obtained 
from the L8 combination of input parameters, while 
higher TWR and SR were obtained from the L3 com-
bination. The obtained GRG values of TWR and SR 
were subjected to Taguchi optimization using Minitab 
19 software, as shown in Table 11. From the response 
table, a higher delta value of wt.% of chromium con-
centration represents the most influencing parameter 
on GRG, followed by current and pulse-on EDM input 
parameters. The optimized combination of EDM input 
parameters is a high level of chromium concentration 
(8 g⋅l-1), a low level of current (5 amps), and a medi-
um level of pulse-on time (240 µs). The influenced se-
quence of EDM input parameters is chromium concen-
tration, current, and pulse-on time. The Main effect plot 
for means of GRG is displayed in Fig. 13, showing that 
an increase in chromium concentration reduces TWR 
and SR by improving GRG value, and an increase in 
pulse-on time reduces TWR and SR up to 240 µs and 
increases by 360 µs. The increase in current increas-
es TWR and SR due to an increase in heat generation 
beyond the machining area. The increase in chromium 
concentration improves heat dissipation capability, 
resulting in a smooth surface area on the workpiece, 
and TWR is also reduced. Table 12 provides factor in-
formation for ANOVA, displaying the lower, middle, 
and higher levels of chromium concentration (0, 4, and 
8 g⋅l-1), pulse-on (120, 240, and 360 µs), and current 
(5, 10, and 15 amps). Table 13 presents the ANOVA 

Figure 11. XRD result of  aged AA7075/12wt. %TiC com-
posite.

Figure 12. SEM image of  aged AA7075/12wt.%TiC compo-
sites.

Table 9. L9 OA with input and it corresponding response parameters

Experiment No. Input parameters Response parameter

chromium concentration (g·l-1) Pulse on time (µs) Current (amps) TWR (mg·min-1) Ra (µm)

1 0 120 5 0.456 4.78

2 0 240 10 0.603 7.28

3 0 360 15 0.756 9.78

4 4 120 10 0.408 4.28

5 4 240 15 0.555 6.78

6 4 360 5 0.406 4.78

7 8 120 15 0.352 3.78

8 8 240 5 0.208 1.78

9 8 360 10 0.356 4.28

Table 10. GRA optimization

Normalization Deviation sequence GRC

GRG
RANK

TWR (mg·min-1) Ra (µm) TWR (mg·min-1) Ra (µm) TWR (mg·min-1) Ra (µm)

0.547 0.625 0.453 0.375 0.525 0.571 0.548 6

0.279 0.313 0.721 0.688 0.410 0.421 0.415 8

0.000 0.000 1.000 1.000 0.333 0.333 0.333 9

0.635 0.688 0.365 0.313 0.578 0.615 0.597 4

0.367 0.375 0.633 0.625 0.441 0.444 0.443 7

0.639 0.625 0.361 0.375 0.581 0.571 0.576 5

0.737 0.750 0.263 0.250 0.656 0.667 0.661 2

1.000 1.000 0.000 0.000 1.000 1.000 1.000 1

0.730 0.688 0.270 0.313 0.649 0.615 0.632 3

Table 11. Response Table for Means

Level Chromium concentration (g·l-1) Pulse on time (µs) Current (amps)

1 0.4320 0.6020 0.7080

2 0.5387 0.6193 0.5480

3 0.7643 0.5137 0.4790

Delta 0.3323 0.1057 0.2290

Rank 1 3 2

Table 12. Factor Information

Factor Type Levels Values

Chromium concentration (g/l) Fixed 3 0, 4, 8

Pulse on time (µs) Fixed 3 120, 240, 360

Current (amps) Fixed 3 5, 10, 15
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for GRG of optimized EDM input parameters of aged 
AA7075/12wt.%TiC MMC. From the ANOVA table, 
it is confirmed that all input parameters are significant, 
as the P-value of all input parameters is less than 0.05. 
The contribution percentage of chromium concentra-
tion, pulse-on time, and current input parameters on 
GRG is 64.5%, 7.28%, and 28.2%, respectively, as de-
picted in Fig. 14. The figure expresses the contribution 

of chromium concentration, pulse-on time, and current 
on GRG. Chromium concentration highly influences 
GRG, followed by current and pulse-on time. Table 14 
displays the model summary for ANOVA of GRG. The 
obtained adj R square value is 99.96, indicating high 
reliability of the experimental data and accuracy of the 
experiment. The confirmation test was conducted for 
the best combination of 8 g⋅l-1 chromium concentra-
tion, 240 µs, and 5 amps current EDM input parame-
ters, and the obtained TWR and SR are 0.198 and 1.56, 
respectively (Bharat N et al., 2023). 

4. CONCLUSIONS 

•	 Stir casting and muffle furnace equipment were 
used to successfully manufacture aged AA7075/
xTiC (x=0, 4, 8, 12, and 16 wt.%) composites. The 
aged and non-aged AA7075 composites underwent 
hardness, density tests, tensile, and compression 
tests following ASTM standards to determine 
microhardness, density, tensile, and compressive 
strength. Higher Vickers hardness, density, tensile 
strength, and compressive strength were obtained 
from aged AA7075/12wt.%TiC composite. The 
addition of titanium carbide enhanced hardness 
and density up to 12 wt.% and diminished by 16 
wt.% in both aged and non-aged conditions. 

•	 The mechanical properties of non-aged AA7075/
TiC MMC were lower than aged AA7075/TiC 
MMCs due to the formed precipitates. The hi-
gher density of TiC enhanced the density of ma-
trix AA7075. The enhancement of microhardness, 
tensile strength, and compressive strength resul-
ted from mechanisms like dislocation pinning, 
load-bearing, dislocation prevention, and plastic 
deformation. The higher concentration of 16 wt.% 
TiC decreased hardness, density, tensile strength, 
and compressive strength due to clustering of rein-
forcements in the matrix AA7075. 

•	 The higher density of 2.889 g⋅cm-3, 158 micro-
hardness, 312 MPa tensile strength, and 326 MPa 
compressive strength were obtained from aged 

AA7075/12wt.%TiC MMC. The EDS and XRD of 
aged AA7075/12wt.%TiC confirmed the presence 
of precipitates, matrix, and reinforcement material. 
The SEM image of aged AA7075 confirmed that 
TiC reinforcement was uniformly dispersed in the 
matrix AA7075 material. 

•	 The better-aged AA7075/12wt.%TiC composi-
te combination underwent optimization of EDM 
input parameters for TWR and SR. The Tagu-
chi-based GRA was employed for optimization. 
The influenced EDM input parameters sequence 
was chromium concentration, current, and pul-
se-on time. The enhancement of concentration of 
chromium increased the GRG value and caused a 
decrease in TWR and SR. The increase in current 
decreased the GRG value and caused an increase 
in TWR and SR. The increase in pulse-on time 
increased GRG value up to 240 µs and decreased 
by 360 µs. The increase in chromium concentra-
tion increased the heat dissipation and flushing of 
debris, hence decreasing TWR and SR. The opti-
mized combination of EDM input parameters se-
quence was a high level of chromium concentra-
tion (8 g⋅l-1), low level of current (5 amps), and a 
medium level of pulse-on time (240 µs). The con-
tribution percentage of chromium concentration, 
pulse-on time, and current input parameters on 
GRG was 64.5%, 7.28%, and 28.2%, respectively. 
The confirmation test was conducted for the best 
combination of parameters, and the obtained TWR 
and SR were 0.198 and 1.56, respectively.
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