
*Corresponding author: mechpoornima@gmail.com  
a orcid.org/0000-0002-9011-1315; b orcid.org/0000-0001-7561-921X; c orcid.org/0009-0000-3069-5323;         
d orcid.org/0009-0008-0243-4271; e orcid.org/0000-0002-2394-1511; f orcid.org/0000-0002-9997-0749;  
gorcid.org/0009-0006-9419-1603;h orcid.org/0000-0002-8248-7603; iorcid.org/0000-0003-4097-9631;     

jorcid.org/0000-0001-6549-6340 
DOI: http://dx.doi.org/10.17515/resm2024.364ma0724tn  

Res. Eng. Struct. Mat. Vol. x Iss. x (xxxx) xx-xx  1 

 

Technical Note 

Influence of forging on the hardness and tensile properties of 
Al7075/TiC composites  

Manjunatha K1,a, Girish D P1,b, Vasanth Kumar B S1,c, Yashaswini T2,d, Dinesh M H1,e,  
Dilip Kumar K3,f, Poornima K4,g, Madeva Nagaral5,h, Nagaraj Namdev6,i, V Auradi7,j 

1Department of Mechanical Engineering, Government Engineering College, India 
2Vidya Vikas Institute of Engineering and Technology, India 
3Dept. of Mechanical Eng., Nitte (Deemed to be University), NMAM Institute of Tech. (NMAMIT), Nitte, India 
4Proudhadevaraya Institute of Technology, India 
5Aircraft Research and Design Centre, Hindustan Aeronautics Limited, India 
6Department of Mechanical Engineering, APS Polytechnic, Bangalore-560082, Karnataka, India 
7Department of Mechanical Engineering, Siddaganga Institute of Technology, India 
 

Article Info  Abstract 

 
Article history: 
 
Received 24 July 2024 
Accepted 29 Oct 2024 

 This study offers a thorough examination of the mechanical characteristics 
shown by as-cast and hot-forged Al7075-TiC alloy composites. Optical 
micrographs are used to verify the different characteristics of these composites. 
The process of hot forging has been shown to improve the dispersion and 
orientation of TiC particles inside the matrix, hence preserving the structural 
integrity of the interface between the matrix and the reinforcement.  The 
observed relationship between the augmentation of TiC reinforcement and the 
diminishment of the mean grain size is described to the mechanisms of 
nucleation and dynamic re-crystallization. It is worth mentioning that hot-forged 
composites routinely demonstrate refined microstructures, which in turn lead to 
enhanced mechanical characteristics. The process of stir casting followed by hot 
forging of Al7075-TiC composites has improved mechanical properties, 
indicating their potential appropriateness for high-performance applications. 

 
© 2024 MIM Research Group. All rights reserved. 
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1. Introduction 

Aluminum and its alloys are highly sought-after materials in engineering fields like 
aerospace, automotive, marine, and construction. This is because aluminum and its alloys 
have great mechanical properties like ductility, formability, malleability, and strength. 
Researchers are looking into ways to improve their mechanical properties and meet 
changing engineering needs through secondary processing to make them work better. 
Metal Matrix Composites (MMCs) were made when researchers looked into how to add 
reinforcing elements to the aluminum matrix [1, 2]. When added to aluminum alloys, 
titanium carbide (TiC) has stood out because it increases both mechanical strength and 
ductility. This reinforcement also makes the tribological properties better, lowering the 
coefficients of sliding resistance and friction. Using techniques like powder metallurgy and 
liquid metallurgy, TiC-reinforced MMCs with different microstructures can be made. This 
makes it possible to study their engineering uses in depth [3, 4]. This study focuses on 
making a composite out of an aluminum alloy 7075 matrix that is only strengthened by TiC 
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particles. This will be done through liquid metallurgy and hot forging, which will also 
improve the mechanical properties of the composite. Characterization methods like 
microscopy give information about the microstructure, morphology, and phase 
composition, which is very important for understanding processing properties. To figure 
out if a composite is suitable, its hardness, tensile strength, tribological properties, and 
thermal properties are all looked at. Aluminum is the most commonly used matrix material 
for MMCs, as it offers several desirable attributes, including low density, excellent thermal 
and electrical conductivity, precipitation hardening capability, corrosion resistance, and 
high damping capacity. Moreover, it offers an extensive range of mechanical properties, 
depending on its chemical composition. Al-based MMCs are usually strengthened with 
ceramic particulates, such as Al2O3, SiC, B, AlB2, TiB2, BN, SiO2, AlN, and others. Various 
fabrication methods, predominantly based on casting or powder metallurgy, are available 
for creating nano-size (or micro-size) particle/metal composites [8, 9]. However, achieving 
uniform dispersion of particles in liquid metal can be challenging. Furthermore, micro-
level porosity, a common casting defect, can pose difficulties in creating micro-level 
geometries [10]. 

The mechanical properties and microstructure of MMCs have been improved by methods 
like forging and extruding. Because it can be bent without breaking, forging is an especially 
good way to make things. This method improves the load-bearing capacity of MMCs by 
realigning the grain structures and strategically placing reinforcements. Forging also 
makes it easier to make parts because it cuts down on waste and costs and lets you change 
the way a material works [5-12]. Wang and Chen [13] provide their results in their detailed 
review, which delves into the mechanical properties of aluminum matrix composites. The 
authors go into extensive length about various production procedures, microstructural 
characteristics, and mechanical behaviors associated with the usage of these composites. 
This study emphasizes the importance of secondary processing techniques, such as forging 
and extrusion, in the process of tailoring mechanical properties to specific application 
requirements. By evaluating a wide range of studies, the authors give a complete 
assessment of the criteria influencing the enhancement of strength, ductility, and other 
mechanical characteristics in secondary processed aluminum composites. As a result, they 
can convey information in a clear and succinct way. 

This review is an excellent resource for academics and engineers who want to maximize 
the mechanical performance of aluminum-based materials. Zhan and Zhang [14] 
investigate how equal channel angular pressing (ECAP) affects the microstructure and 
mechanical properties of SiC particle-reinforced aluminum composites. According to the 
study's findings, secondary processing by ECAP results in considerable improvements in 
mechanical properties. These advantages include enhanced strength and hardness. An 
analysis of the material's microstructure reveals a refined grain structure as well as SiC 
particles that are equally distributed throughout the aluminum matrix. This research 
demonstrates the use of ECAP as a secondary processing method for altering the 
properties of aluminum composites. Furthermore, it provides insights into the 
mechanisms responsible for the observed improvements in mechanical behavior. Jia and 
his colleagues [15] investigated the influence of the forging process on TiC-reinforced 
aluminum composites in their study. The researchers are examining the microstructural 
changes generated by the forging process and linking those changes with improvements 
in the material's mechanical properties. According to the researchers, forging enhances the 
dispersion of TiC particles, resulting in better tensile strength and hardness, as 
demonstrated by a number of mechanical tests and in-depth micrograph studies. 

This research sheds light on the complex connection between secondary processing and 
microstructural development, providing critical insights into the fabrication of high-
performance aluminum composites. Zhang and his colleagues investigate [16] the effect of 
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in situ equal channel angular pressing (ECAP) on Al-TiB2 composites. According to the 
study's findings, secondary processing with ECAP results in finer microstructures, greater 
particle dispersion, and enhanced mechanical properties. The microstructural changes 
generated by ECAP boost the tensile strength and hardness of the composites significantly. 
By investigating the relationship between microstructure and mechanical behavior, this 
research demonstrates the potential of secondary processing approaches for changing the 
properties of aluminum-based composites. This association was investigated in the 
research. The mechanical properties of aluminum matrix composites reinforced with 
Al2O3 particles are the major focus of Li and colleagues' study [17]. The study introduces 
a novel extrusion process with the goal of increasing the mechanical properties of these 
composites. The authors show that further processing, in this instance extrusion, improves 
the material's hardness, ductility, and strength. An analysis of the material's 
microstructure indicates that it has a refined grain structure and uniformly dispersed 
Al2O3 particles. This research highlights the relevance of secondary processing techniques 
for modifying the mechanical properties of aluminum composites to meet the needs of a 
specific application. Huang et al. [18] explore the mechanical characteristics of Al-SiC 
composites produced via semi-solid stirring and extrusion. The research shows how 
secondary processing may improve the mechanical properties of these composites. The 
authors show enhanced strength and hardness by examining the microstructural changes 
caused by semi-solid stirring and extrusion. The study underlines the importance of 
secondary processing in enhancing the characteristics of aluminum-based composites for 
high-performance engineering applications. Tao and colleagues [19] investigate the effects 
of extrusion on Al-TiB2 composites in situ. The research focuses on the effect of secondary 
processing on the microstructure and mechanical characteristics of composites. The 
researchers demonstrate a link between improved particle dispersion and increased 
tensile strength and hardness using extensive microstructural and mechanical 
investigation [20, 21]. This study adds to our understanding of the relationship between 
secondary processing and the mechanical behavior of aluminum composites. In the past 
few years, people have become more interested in MMCs, which has led to more research 
into secondary processing methods like forging. This method is good for industries that 
need high-performance materials because it can improve mechanical properties and 
microstructure. For practical applications, it is important to have a deep understanding of 
how MMC behaves during secondary processing, especially forging. Forging is a good way 
to make MMC because it lets you fine-tune the microstructure and mechanical properties 
by controlling things like temperature and rate of deformation. Because of this, MMCs are 
perfect for a wide range of uses, from high-stress parts to parts that don't wear out easily. 
The objective of the current study is to manufacture aluminum alloy composites reinforced 
with TiC using liquid metallurgy and forging techniques, and afterwards assess their 
mechanical characteristics. 

2. Materials and Methods   

The matrix was made of an aluminum alloy made of 7075 aluminums. This alloy has a high 
ratio of strength to density, which makes them a popular choice for a wide range of uses. 
For this study, powdered particles of titanium carbide (TiC) were chosen to be used as 
reinforcement. The TiC particles (30-40 microns) were made by M/s Metallizing Jodhpur, 
Rajasthan. In 3 wt.% steps, a maximum weight percentage of 9 wt.% was used for TiC to 
make sure that everything was the same. TiC was chosen as the reinforcement material 
because it has unique properties that could help improve the properties of the composite. 
Fig. 1 and Fig. 2 show scanning electron micrographs and energy-dispersive X-ray 
spectroscopy (EDAX) patterns of TiC particles. 
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Fig. 1. SEM of TiC particles 

At 770°C, an electrical resistance furnace was used to melt the aluminum 7075 alloy. To 
make a controlled vortex in the molten aluminum alloy, a mechanical stirrer covered with 
ceramic was used. In this changing environment, heated, already-mixed TiC particles were 
added slowly while the mixture was constantly stirred. Before adding the TiC particles, 
they were heated in a muffle furnace at 200°C for one hour to make sure they were evenly 
spread out. From 0 to 9 wt.%, the weight fraction of titanium carbide (TiC) particles was 
changed in a planned way by 3 wt.%. TiC was always used as a reinforcement in all 
composite recipes. The method of preparation was used to make sure that the TiC 
reinforcement particles were spread out evenly in the aluminum matrix. To get rid of any 
trapped gases, degassing tablets, which are easy to find on the market, were added to the 
molten mixture.  

 

Fig. 2. EDS of TiC particles 

The treated molten mixture was then poured into 200 mm long and 80 mm wide metal 
molds that had been heated. This picture shows what the material looks like after the 
casting and processing steps. The height and diameter of both the cast matrix alloys and 
the cast composites were machined to be 80 mm. The 80 mm diameter was for the cast 
matrix alloys. The muffle furnace was heated to 550 degrees Celsius, and billets that had 
been machined were put inside. At M/s Fitwel forgings Pvt. Ltd. in Tumkur, Karnataka, 
India, heated billets were forged in an open die using a one-ton hydraulic hammer. Before 
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the casting process, the cylinder-shaped billets were heated for 30 minutes at 580+3°C to 
get them ready. The machined billets that had been heated were then forged according to 
the process parameters with deformation ratio of 6:1. The microhardness tests were done 
with a Vickers microhardness tester, a 100-gram load, and a 10-second dwell time. In line 
with ASTM A370 standards, tensile tests were done with a TUE-C-400 universal testing 
machine. 

3. Results and Discussion  

3.1 Microstructural Analysis 

Fig. 3 (a-d) shows optical micrographs that show the microstructure of Al7075 alloy 
composites that have been made stronger with TiC particles. The micrographs show that 
very small pieces of TiC are spread out across the matrix alloy. Even though the cast 
micrographs show that there are some clusters of TiC particles, the hot-forged Al7075-TiC 
composite shows that the synthesized TiC particles are more evenly spread out and can be 
moved to different places. After the hot forging process, the TiC particles are aligned in the 
direction that the metal is flowing, which is an important thing to notice. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Optical Micrographs of (a) As-cast Al7075 alloy (b) Forged Al7075 alloy (c) 
Al7075-9 wt.% TiC Composites(d) Forged Al7075-9 wt.% TiC Composites 

Even after hot forging, there is no evidence that the link between the matrix alloy and the 
TiC reinforcement has lost its structural integrity. Figure shows some micrographs that 
show this to be true. When looked at through a microscope, the titanium carbide (TiC) 
particles that are made are said to be between 25 and 50 micrometers in size. After seeing 
the particles in question, this conclusion was made. Hot forging helps spread out TiC 
particles that have clumped together. This reduces the number of places where there are 
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no particles at all. Figure 1.1 shows that the porosity is getting smaller, which is the most 
important thing. At the same time, the microstructure is getting denser and smoother. 
 

3.2 Grain Size Analysis 

Fig. 4 shows the size distribution of the grains in composites made of Al7075 alloy and TiC 
particles. These composites were made using the stir-casting and hot-forging methods, 
respectively. When the number of synthetic reinforcements in the matrix alloy goes up, 
there is a clear pattern that shows the grain size of the composites that are made drops by 
a large amount. This is true whether you look at the as-cast or hot-forged state. When hot-
forged composites are compared to their as-cast counterparts, it is clear that the grain 
refinement is higher in all of the cases that were looked at. No matter what happens, this 
is always true. Figure shows that the average grain size of the Al7075-TiC composite 
decreases by 51% when it is as-cast, and then it decreases by 55% when it is hot forged. 
This is a very important find. Compared to the grain size of the matrix alloy in its as-cast 
state, the average grain size reduction for the Al7075-TiC composite in its as-cast state is 
49% and in its hot-forged state it is 59%. This is because when the matrix alloy is hot-
forged, the average grain size is cut by 59%. 

 

Fig. 4. Variation of grain size with TiC reinforcement for cast and forged composites 

Adding ceramic particles to the molten aluminum alloy is what caused the granules to get 
smaller. During the phase of solidification, these ceramic particles act as places where new 
crystals can form. Also, micrographs show that the microstructure of cast composites is 
not as refined as the microstructure of hot-forged composites, which is more refined. The 
use of thermo-mechanical processing, which causes a lot of plastic deformation and a big 
drop in particle size, could be to blame for the observed refinement. The micrograph 
displays a fine and homogeneous dispersion of reinforced particles within the matrix alloy. 
Following the forging process, TiC particles are orientated in the direction of the metal flow 
during hot forging. 

3.3 Micro-Hardness 

Fig. 5 shows the differences in hardness that happen when TiC reinforcement is added to 
cast and forged composites. When stiff reinforcements are added to a matrix alloy that is 
normally soft and flexible, the matrix material's hardness increases by a lot. This is what 
happens when composites made of Al7075 are stir-cast and then hot-forged after being 
strengthened with TiC. When stiff reinforcing materials are added to a matrix alloy, the 
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total hardness of the alloy goes up [22, 23]. There are a number of important reasons that 
led to this change. Most of the time, thermal mismatch is caused by a big difference 
between the matrix alloy without reinforcement and the reinforced phase in the coefficient 
of thermal expansion. Both the matrix alloy and the reinforced phase have this difference 
[24, 25]. 

 

Fig. 5. Variation of hardness with TiC reinforcement for cast and forged 

 

The different rates of expansion of the different materials contribute to the development 
of residual stresses, which lead to a hardening of the composite in the end. Also, the 
increased hardness that may be seen in these composites may be due to the uniform 
dispersion and microscopic particle size of the reinforcement, as well as the successful 
integration of the unreinforced alloy with the reinforcement [26, 27]. The increased 
hardness of the material is due to how the composite parts fit together and how the 
reinforcing particles are now more evenly spread out. When the pictures from optical and 
scanning electron microscopy (SEM) are looked at in great detail, it is clear that the 
composite material's porosity has been greatly reduced. This can be blamed on the in-situ 
processing method that was used. 

This research shows that both the average and absolute values of hardness are higher for 
secondary processed composites than for primary processed composites. There are two 
main things that cause these things to happen. In composites that are processed a second 
time, the amount of grain refinement is much higher, which makes the material much 
harder. During the next steps, any tiny flaws that may have been caused by the way the 
first casting was done are often fixed. This makes the material more uniform and 
structurally strong. The improvement in hardness, which came from a higher resistance to 
plastic deformation, might be related to the fact that the average grain size got smaller as 
the product was being made. Because of this drop, the number of dislocations is 
successfully brought down. After hot forging, the hardness of stir-cast Al7075 composites 
that had TiC added to them went up. This could be due to a number of different things. 
Because of how these processes work together, the composites have better mechanical 
properties that make them good for applications that need to be more durable [28]. 
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3.4 Ultimate Tensile Strength 

Fig. 6 shows a comparison study of UTS. This analysis shows how the tensile strength of 
Al7075 alloy composites that have gone through primary processing is different from 
those that have gone through secondary processing. After the TiC particles made these 
composites stronger, they were heated up and put through a process called "hot forging." 
This evaluation shows that the tensile strength of composites is much higher than that of 
unreinforced versions of the same material during both the first and second stages of 
processing. Also, it has been shown that adding TiC reinforcement significantly increases 
the ultimate tensile strength (UTS). When the Al7075-10wt% TiC composites were first 
processed, their properties got better by 65%. When they were then processed again, their 
properties got better by 88%. Most of the reason why the composite material has a higher 
ultimate tensile strength is because rigid TiC particles are mixed into the matrix [29, 30]. 
This is because the mechanical properties of the composite material are better. The above-
mentioned reinforcing process has led to the emergence of a number of factors that, when 
taken together, are to blame for the increase in UTS that has been seen.  

 

Fig. 6. Variation of UTS with TiC reinforcement for cast and forged composites 

3.5 Ductility 

Fig.7 shows the ductility of the composites. Most of the loss of ductility that happens when 
the reinforcement concentration goes up is due to the presence of hard TiC particles in the 
Al7075 composite. These particles encourage the formation of brittle phases within the 
matrix. Experiments have shown this to be true. Al7075 composites that have been hot-
forged after being strengthened with TiC particles and going through the process described 
above can show the effect mentioned above.  The presence of intrinsically fragile phases, 
as well as any secondary or intermetallic phases that may be present, makes spots in the 
material more likely to start cracking early, which makes the material as a whole less 
flexible [31]. On the other hand, using secondary processing has an effect that is the exact 
opposite of the first. It makes the material more flexible. During the hot forging process, a 
lot of grain refinement and re-crystallization takes place. This is why this happens. The 
process described above helps to strengthen the bond between the matrix and the 
reinforcement at the interface. This, in turn, makes the material more flexible. The 
increased interfacial contacts play a big role in spreading out stress and stopping cracks 
from spreading, which improves the material's ability to bend without breaking [32]. 
When compared to the ductility of the main processed base alloy, the ductility of the 
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Al7075-9wt%TiC composite in its secondary processed state is 18% lower, and the 
ductility of the base alloy in its primary processed state is 9% lower. 

 

Fig. 7. Variation of ductility with TiC reinforcement for cast and forged composites 

3.6 Fractured Surface Analysis 

Fig.8 (a-d) shows scanning electron micrographs of the broken surfaces of tensile 
specimens made from Al7075 alloy composites that have been through both primary and 
secondary processing. These composites have been forged in a hot environment and have 
TiC particles embedded in them to make them stronger. The pictures we talked about 
before give us a lot of information about how the materials break, which helps us 
understand the underlying mechanisms that determine how the materials fail. After 
looking at the micrographs, especially Fig.8, in more detail, it becomes clear that the sample 
has shallow dimples and trim bands. These things point to the fact that there was plastic 
deformation right before the building fell down. Fig.8 shows that both primary and 
secondary treated Al7075 alloy and Al7075-TiC composites show clear signs of particle 
breaking. The fact that the above-mentioned discovery was made shows how strong and 
long-lasting the bond between the matrix alloy and the TiC reinforcement is. This bond is 
a side effect of the way the composite material is made and the benefits of the strategy for 
reinforcing integration [33, 34]. Al7075 alloy shows ductile fracture in nature.  

 

(a) 

 

(b) 
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(c) 

 

(d) 

Fig. 8. Fractured SEM Micrographs of (a) As-cast Al7075 alloy (b) Forged Al7075 alloy 
(c) Al7075-9 wt.% TiC Composites(d) Forged Al7075-9 wt.% TiC Composites 

The hot forging makes the Al7075 alloy fracture as ductile and brittle in nature. Also, 
interfacial fractures can be seen in certain places, as shown in Fig.8. Based on what was 
seen, one could figure out that the composite material breaks in a complicated way. This 
process involves the formation of voids and their subsequent filling, as well as the breaking 
of TiC particles that are embedded in the matrix alloy. The complicated interactions 
between the different ways that composites can break show how complicated the failure 
mechanisms [35, 36]. When the way the matrix alloy and composites break is compared to 
how the matrix alloy breaks, it is clear that there is a big difference between the two. The 
very even distribution of larger voids in the matrix alloy, which is one of the things that 
makes it unique, suggests that it breaks in a ductile way. On the other hand, there is 
evidence that there are fewer voids in the composites, which suggests that they break in a 
way that is ductile at the microscopic level but brittle at the macroscopic level [37, 38]. The 
addition of stiff TiC reinforcement makes the composite stronger, but it also makes it more 
likely to show brittle fracture characteristics because it has a higher tendency to do so. The 
brittle fracture behaviour is observed in the case of Al7075 alloy with TiC reinforced 
composites. The presence of TiC particles makes the soft matrix as brittle by reducing the 
ductility [39, 40]. 

4.  Conclusion 

Al7075 alloy with 3, 6 and 9 wt.% of TiC particles composites were developed by 
conventional stir process. An influence of combined effect of TiC particles weight 
percentages and hot forging effect on grain size, micro-Vickers hardness and ultimate 
tensile strength were investigated. The optical micrographs corroborate the 
microstructural investigation of as-cast and hot-forged Al7075-TiC alloy composites, 
which demonstrate unique properties. Micrographs of optical microscope indicated the 
distribution of titanium carbide particles in the Al7075 alloy composites. Hot forging 
improves particle dispersion and alignment while keeping matrix-reinforcement links 
intact. Hot forging disperses agglomerated TiC particles and hence reduces porosity. 
Because of nucleation and dynamic recrystallization, increasing TiC reinforcement 
corresponds with lower average grain sizes. Hot-forged composites have consistently 
refined microstructures, resulting in better characteristics. The use of thermo-mechanical 
processing, which causes a lot of plastic deformation and a big drop in particle size, could 
be to blame for the observed refinement. The hot forging of as cast Al7075 and 3, 6 and 9 
wt.% of TiC composites impacted in the reduction of grain size. As the weight percentage 
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of TiC content increased from 3 to 9 wt.% in the matrix, the micro hardness of prepared 
composites was enhanced. The hardness of as cast Al7075 alloy was 60 VHN, with the 9 
wt.% of TiC particles and hot forging combined effect it was 85 VHN. An improvement of 
41.66% was obtained with the addition of 9 wt. % of TiC and hot forging. Further, an 
ultimate strength of Al7075 alloy increased with hot forging and reinforcement of TiC 
particles. The ultimate strength of as cast Al7075 alloy was 72 MPa, with an incorporation 
of 9 wt. % of TiC and hot forging, it was 118 MPa. An improvement of 63.88% was obtained 
with hot forging and TiC particles inclusion. The Al7075-TiC composites with hot forging 
exhibited superior hardness and tensile properties as compared to the as cast alloy and 
composites. Various fracture mechanisms were observed in the Al7075-TiC composites. 
Al7075 alloy represented ductile mode of fracture, while Al7075 with TiC composites were 
exhibited brittle and ductile mode fracture surface behaviors. 
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