International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 17s, 2025
https://theaspd.com/index.php

Investigations On Hardness And Tensile Behavior Of Micron
Sized Titanium Carbide Particles Reinforced Al2014 Alloy

Composites

D Sreenivasa Reddy', Manjunath K?, Srinivas Reddy Mungara’, D Sujatha*, Madeva Nagaral’, B
Venkata Narayana®

'Research Scholar, Department of Mechanical Engineering, SEA College of Engineering and Technology
(Visvesvaraya Technological University, Belagavi), Bangalore-560 049, Karnataka, India & 'Department
of Mechanical Engineering, Gopalan College of Engineering and Management, Bangalore-560048,
Karnataka, India,dsrgcem2023@gmail.com, https://orcid.org/0009-0005-2564-2979

‘Department of Mechanical Engineering, SEA College of Engineering and Technology, Bangalore-560
049, Karnataka, India, manjunath.k@seaedu.ac.in, https://orcid.org/0009-0001-3993-7517

"Head, Program Office, RV University, Bangalore-560059, Karnataka, India, srmungara@gmail.com,
https://orcid.org/0000-0001-6014-2295

‘Gopalan PU  College, Bangalore-560048, Karnataka, India, sujatha572019@gmail.com,
https://orcid.org/0009-0007-0451-9220

*Aircraft  Research and Design Centre, HAL, Bangalore-560037, Karnataka, India,
madev.nagaral@gmail.com, https://orcid.org/0000-0002-8248-7603

*Department of Mechanical Engineering, SEA College of Engineering and Technology, Bangalore-560
049, Karnataka, India, narayana.bv73@gmail.com, https://orcid.org/0000-0003-0727-5130

Abstract

The current research focuses on investigating the microstructural and mechanical properties of Al2014 reinforced with
both titanium carbide particles. The composite material was produced using a novel casting method. In this study,
TiC content was varied at levels of 3 and 6 wt. %. Employing scanning electron microscopy (SEM) tool,
microstructural analyses were conducted, revealing a uniform dispersion of ceramic TiC particles within the Al2014
composites. Mechanical testing, following the ASTM standards, was carried out on the composites, specifically
assessing hardness, tensile strength, yield strength, and percentage elongation to evaluate the properties of the Al-based
MMC:s. The findings of this study indicate a significant enhancement in both tensile and yield strength values for the
fabricated composites. However, it is important to note that the percentage elongation decreases as the reinforcement
content in the composite increases.
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INTRODUCTION

Composite materials are synthesized through the combination of two or more materials that possess
separate properties and are incapable of dissolving into one another. Composite materials are created by
mixing elements with distinct characteristics, resulting in a distinctive property that surpasses the
individual properties of the constituent materials [1, 2].

Constituents maintain their identity while also combining in a way that produces new traits that are
superior to the sum of their individual parts. As technology continues to improve, there is an increased
need for materials that are energy-efficient, lightweight, and affordable in the aerospace, defense, aviation,
automation, and many other sectors [3, 4]. Therefore, the principal applications revolve on reducing
weight while simultaneously preserving improved mechanical and other tribological qualities, for which
aluminum composites are best suited [5-7]. Aluminium is suitable for usage because it is resistant to
corrosion is high as compared to the magnesium and other alloys, especially for aerospace applications.
When its surface reacts with air, it forms oxides that provide protection against erosion caused by rubbing
between two surfaces in an application. Therefore, it is often utilised in aircraft applications where it lacks
significant inherent wear resistance [8, 9]. Hence, there is a pressing want for substantial improvements
on the properties.
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The use of contemporary materials with greater qualities in the automotive and aerospace industries has
led to a steady advancement of MMCs [10, 11]. A MMC is made up of reinforcements like ceramics and
a matrix material like meta or an alloy. At the microscopic level, composites are heterogeneous, yet at the
macroscopic level, they are homogeneous.

The crucial aspect is in the assessment of a material's macroscopic characteristic, wherein the components
produced by these composites may be seen identified without the aid of magnification. At a macroscopic
level, different types of materials are joined, such as alloys of metals. These materials appear to be
homogeneous to the naked sight, meaning that their pieces cannot be distinguished and they clearly work
together [12-14].

The fundamental benefit of composites is that a good design shows off the premium attributes of its
constituent parts. Both naturally occurring and man-made composites exist. Among the former are wood,
where lignin serves as the matrix and is reinforced by cellulose fibers. The human body is also made up
of composites, with soft collagen being strengthened by bone-salt of calcium and phosphate ions. Utilising
a composite material by integrating two or more substances requires more effort compared to using
conventional monolithic steel and aluminium components. Essentially, these metals and their alloys
consistently fail to fulfil the demands of modern advanced technology. Required performance is achieved
solely through the utilisation of diverse material combinations. Currently, the aircraft industries have
experienced an increase in acceptability due to the use of new materials [15].

Due to their outstanding properties such as low ductility, good thermal conductivity, good damping
characteristics, and excellent thermal expansion, aluminium matrix composites (AMCs) have garnered a
lot of attention in recent decades and are seen as the most promising materials to encounter the ever-
increasing demands of current technology [16-18]. For as long as composites have been around,
aluminium and its alloys have been the go-to matrix material. Reasons for this include the inexpensive
production cost of AMCs and the wide variety of excellent mechanical and thermal qualities already
stated [19-21].

Because it directly affects the overall performance of aerospace vehicles, a component's weight is extremely
important in the aerospace industry. Advanced aluminium alloys had to be improved as a result. In order
to improve performance characteristics, this work uses a novel stir casting technique to create Al12014
alloy composites that are reinforced with 3 and 6 weight percent of TiC particles, which are 15-20 microns
in size. An inventive two-stage stir casting method was used to create the A12014- TiC composites in order
to improve the wettability between the particles and the matrix. To evaluate the impact of adding TiC
particles to the Al2014 alloy, a variety of metals were examined.

Experimental Details

Materials Used

For the creation of metal composites, Al2014 alloy ingots were purchased from FENFE Metallurgical,
Bengaluru, India. The alloy composition and the TiC reinforcement particles, which range in size from
15 to 20 pm and are obtained from MatRICS Laboratories, India, are shown in Table 1. The
characteristics of the reinforcements and matrices are listed in Table 2. The scanning electron microscopy
(SEM) of the TiC particles used to create the Al2014-TiC composites is shown in Figure 1.

Table 1 Chemistry of A12014 alloys by weight. %

Si Fe Cu Mn Mg Ti Cr Al
1.20 0.70 5.00 1.20 0.80 0.10 0.10 Balance
Table 2 Properties of Al2014 alloy and TiC particles
Modulus (GPa)
Material BHN Density (g/cm3) Tensile Strength (MPa)
AI2014 50 2.80 70-80 180
380

TiC 3200 4.60 3900 (C)
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Figure 1: 15-20 micron sized TiC particles SEM Image

2.2 Composites Preparation and Testing

By using liquid metallurgy, A12014 alloy with various weight rates of TiC composites are created. A12014
composite metal pieces weighing a certain amount were placed into the electric furnace and heated till
liquid metal stage. The temperature of Al2014 compound liquid metal is raised to 750°C. The correct
thermocouples are used to measure and record the superheated and dissolving temperatures. For around
three minutes, potassium titanum fluoride (K, TiF¢) [22, 23] is used to degas the superheated liquid metal
in the crucible. To blend the metal in the liquid, a shaft stirrer is utilised in conjunction with a zirconium-
coated steel rotor. For the purpose of creating vortices, the stirrer is spun at a speed of around 300 rpm
while submerged in the crucible's liquid metal to a depth of approximately 65%. The reinforcement
particles were included in two stages into the molten metal. The molten metal of A12014 alloy with TiC
was stirred for 5 minutes. The process of blending is prolonged until the overall wettability of Al2014
composites with particles reaches a certain level at which interfacial strength is recognized. At that time,
the cast iron molds with the requisite dimensions are filled with the liquid metal mixture of Al2014
composite and TiC particulates. Fig. 2 is indicating AI2014-TiC composites.

Figure 2 Al2014-TiC composites prepared

In order to determine whether the AlI2014 contains reinforcing particles TiC, a scanning electron
microscopy analysis is performed on the specimen after casting. Al2014 alloy and Al2014-TiC composites
have their microstructures photographed. The microstructure specimen has a 15 mm dia., and a 5 mm
height. Paper with grits of 300,600, and 1000 is used to grind the surface of the specimen. After that, the
surface is polished using polishing paper with a thickness of 3 pm to get an even smoother finish on the
polishing machine.

To conduct the hardness test, the specimen is prepared by grinding it in line with the ASTM standard
E10 [24, 25]. A Brinell hardness tester is employed for the purpose of quantifying hardness. The sample
exhibits a smooth and impeccable surface. Upon exerting a force of 250 kg on the specimen, a 5-
millimeter depression was created by a ball. The specimen's surface exhibits five depression marks, which
are subsequently analysed.

To analyse the tensile properties of Al2014 alloy and TiC reinforced composites, it is necessary to use
specimens that have been prepared following the guidelines specified in ASTM standard E8 [26, 27]. To
obtain the most accurate findings, the tensile strength is tested by using three specimens. In order to
examine the response of AI2014-TiC composites to unidirectional tension, assess the influence of uniform
distribution, and determine the tensile strength, a computer-controlled tensile machine is utilised. Figure
3 exhibits the sample of the tensile test specimen.
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Figure 3 Tensile test specimen

RESULTS AND DISCUSSION
Microstructural Analysis
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Figure 4 SEM microphotographs of (a) Al2014 alloy (b) Al2014 - 3 wt. % of TiC (c) Al2014 - 6 wt. % of
TiC composites

Scanning electron microphotographs in Figure 4 (a-c) display composites that have been strengthened
with 3 to 6 weight percent TiC particles. Figure 4 (a) displays a scanning electron micrograph of the
Al2014 alloy. The lack of particles is indicated by the pristine grain boundaries. The micrograph does not
exhibit any discernible voids or casting defects. Figure 4 (b) and Figure 4 (c) display microphotographs of
composites containing Al2014-3% TiC and Al2014-6% TiC, respectively.

The micrographs clearly show that the TiC particles are present in the reinforced composites at 3 and 6
weight percent. The innovative two-step casting method used to create the composites ensures that the
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particles do not clump together or agglomerate [28]. In addition, the microstructure surface of Al12014
composites with 6 weight percent TiC comprises a greater number of TiC particles that are dispersed
throughout the matrix A12014 alloy.
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Figure 5 EDS analysis of (a) Al2014 alloy (b) Al2014 - 6 wt. % of TiC composites
Figure 5 (a-b) displays the EDS analysis of composites that are reinforced with Al2014 alloy and include
4 wt. % of B4C particles. Figure 5 (a) clearly illustrates that Cu is a prominent alloying element in the
Al2014 alloy, along with Si, Cu, Fe, and Mg. Additionally, Figure 5 (b) displays the EDS spectra of
composites that have been strengthened with Al2014 and 6 weight percent TiC particles. The presence
of titanium and carbon particles in the Al2014 alloy was identified using the EDS spectra of composites.
The presence of Ti and C elements, along with Cu, Fe, Cu, Mn, and Si, confirms the integrity of the
casting procedure employed in the production of the composites.
3.2 Hardness Measurements
Table 2 Hardness of Al2014-B,C composites
Hardness (BHN) with Improvement

SI No. Material Standard Deviation (%)

1 Al2014 Alloy 69.30 +0.88 e

2 Al2014 - 3 wt.% of TiC 78.09 +0.32 12.68
3 Al2014 - 6 wt.% of TiC 90.21 +0.75 30.16

100

EENE As-cast Al2014 alloy
ENENS AI20174 -3 wt. % TiC
EEm AI2014 -6 wt. %% TiC

80 -

s0

40 -

Hardness (BHN)

o 3 (=1

WWeight Percentage of TiC Prticles

Figure 6 Hardness of TiC reinforced Al2014 alloy composites

Table 2 and Figure 6 show the hardness values of A12014 alloy, A12014 - 3, and 6 wt. % of TiC composites.
As the plot shows, the hardness of Al2014 alloy improves from 3 to 6 wt. % TiC particles. The hardness
of the cast alloy is 69.30 BHN, but it increases to 78.09 BHN and 90.21 BHN after adding 3 and 6 wt.
% of carbide particles, respectively. A hardness enhancement of 30.16% was seen in TiC composites with
an Al2014 alloy content of 6 weight percent. Because of the hard TiC particles that are present in the
ductile matrix, the hardness of Al2014 alloy is enhanced. Incorporating carbide particles, which have a
hardness of 3200 BHN, into a soft matrix helps to increase the hardness. As a result of the dislocation
density caused by the thermal coefficient mismatch between the Al2014 alloy and TiC particles, this
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procedure also increases strain hardening in the composites [29, 30]. The composites get harder due to
the strain hardening phenomenon.

3.3 Tensile Properties

Figure 7 show the consequence of TiC on strength of A12014 alloy. The strength of the Al alloy has been
upgraded as the wt.% of TiC particles in the soft A12014 matrix increases, as shown in Figure 7. A12014
alloy has an ultimate tensile strength of 214.1 MPa. In addition, the UTS of composites made of Al2014
with 3% TiC and 6% B,C are 235.4 MPa and 262.5 MPa respectively. The addition of 6 weight percent
of TiC particles ranging in size of 15 to 20 microns improved the UTS of Al2014 alloy by 22.6%

Figure 7 UTS of TiC reinforced Al2014 alloy composites
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Figure 8 is the effect that TiC particles have on the yield strength of Al2014. Figure 8 shows that the
strength of the Al12014 has been enhanced with an increase in the weight percent of TiC particles in the
Al matrix. Al2014 alloy yields its full strength is 181.25 MPa. In addition, the YS of composites made
with Al2014 and 3 weight percent TiC is 204.3 MPa, while that of composites made with Al2014 and 6
weight percent TiC is 228.4 MPa. The addition of 6 weight percent of TiC particles ranging in size15-20
microns improved the YS of Al2014 alloy by 26%.

Figure 8 YS of TiC reinforced Al2014 alloy composites

Plots 7 and 8 demonstrate that the inclusion of 3 and 6 weight percent of minuscule TiC particles into
the Al2014 alloy resulted in an increase in its ultimate and yield strengths, respectively. Incorporating
TiC into the matrix enhances the tensile strength of the Al alloy. Due to the particle's hardness, the matrix
material becomes more fragile and is able to endure higher directed loads. Within the realm of
composites, these resilient particles function as load-bearing elements, hence enhancing the strength of
the composites. Furthermore, as per the Hall-Petch strengthening mechanism, the incorporation of
minuscule particles into the aluminium matrix leads to a decrease in grain size. Consequently, the
strength of the composites is enhanced. The presence of density dislocations in the AlI2014 alloy is
attributed to the significant difference in expansion coefficients between the alloy and the TiC particles,
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as explained by the Orowan principle [31, 32]. Strain hardening takes place in the A-TiC melt due to the
presence of density dislocations, resulting in enhanced strength.
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Figure 9 show the ductility of A12014 and Al2014 alloy composites reinforced with 3 and 6 weight percent
of tiny TiC particles, respectively. The graph shows that the ductility of the matrix drops as the percentage
of TiC particles rises. The presence of TiC in the matrix is responsible for the decrease in ductility. The
material is able to resist further elongation due to the significant multidirectional stresses at the interface
of the Al2014 alloy and TiC. Thanks to the strong bonding between the Al and TiC particles, the applied
load is effectively transferred to the evenly distributed micro TiC particles, and the overall performance
is improved. All things considered, the Al2014 alloy-6% TiC composites exhibit lower elongation than
the base amalgam.

: Gt;nh : Stress V/s Strain

Figure 9 Percentage elongation of TiC reinforced Al2014 alloy composites

=TS As-cast AI2014 alloy
EEEN AI2014 -3 wt. 2% TiC
15 EEE AI2014 -6 wt.% TiC

10

Elongation (%)

o <
Weight Percentage of TiC Prticles

(a)
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Graph : Stross V/s Strain

(b
Figure 10 Stress-strain plots of (a) Al2014 alloy (b) Al2014 - 3 wt. % B,C (c) Al2014 - 6 wt. % B,C
composites
Fig. 10 (a-c) are demonstrating the stress-strain plots of as cast Al2014 alloy, Al2014 with 3 and 6 wt. %
of TiC composites respectively. The ultimate strength of base Al2014 alloy is 214 MPa with 14.2% of
elongation. The composites with 3 and 6 wt.% of TiC particles are exhibiting the higher strength
compared to the Al2014 alloy with slight reduction in the ductility. The increased strength with addition
of carbide particles helps in the decline of the surface area in the real time applications, which further
contributes in decreasing the weight of the component [33, 34].
3.4 Tensile Fractography
The micrographs of the fracture surfaces of Al2014 and Al2014 with 3 and 6 weight percent TiC
composites are shown in Figure 11 (a-c). The tensile fracture micrographs show that the matrix alloy and
TiC reinforcement are well-bonded. Figure 11 (a) shows the surface of the Al2014 alloy that has broken
in pictures taken at 500X magnification. The visible grains on the cracked surface of the cast alloy indicate
a ductile fracture.
Also, the fractured surfaces of the Al2014 - 3 wt. % TiC and Al2014 - 6 wt. % TiC composites can be
seen in Figure 11 (b-c). The micrographs show that the composites become more brittle with increasing
amounts of TiC reinforcement. The surface of tensile fractured Al2014 - 3 wt. % TiC composites shows
this increased brittleness clearly. This brittle fracture also occurs in tandem with the composites'
elongation. There is a decline in composite ductility with increasing wt.% of TiC particles, as mentioned
in the percentage elongation section.

SEM HV: 25.0 kV
SEM MAG: 500 x

SEM HV: 25.0 kV WD: 15.30 mm
SEM MAG: 500 x Det: SE

SEM HV: 25.0 kv
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(c)
Figure 11 SEM images of tensile fractured surfaces (a) Al2014 alloy (b) Al2014 - 3 wt. % TiC (c) Al2014 -
6 wt. % TiC composites

CONCLUSIONS

Al2014 alloy with 3 and 6 wt. % of TiC composites were produced by stir casting and following
conclusions were made

o The microstructures of the produced Al2014 and Al2014 composites with 3 and 6 weight percent TiC
were examined by SEM and EDS. The elemental analysis indicates the existence of titanium carbide in
the Al2014 composites.

e The hardness of Al2014 alloy found 69.3 BHN, with 3 and 6 weight percent of TiC composites, it was
78.9 BHN and 90.2 BHN respectively.

e The improvements in the ultimate strength of the Al2014 alloy was obtained with the occurrence of
TiC particles. The strength of AlI2014 matrix increased to 262.5 MPa with 6 wt.% of TiC particles. The
increased strength is due to strong bonding existence between the Al2014 alloy and TiC.

e The improvements in the yield behaviour of the Al2014 alloy was obtained with the presence of TiC
particles. The strength of AI2014 matrix increased to 228.4 MPa with 6 wt.% of TiC particles.

e The stress-strain plots indicated the impact of TiC on the strength and ductility of the Al2014 alloy
and its TiC composites.

e Byadding 3 and 6 weight percent of carbide particles, the ductility of the aluminium alloy was reduced.
The existence of hard carbide particles decreases the elongation of soft AlI2014 matrix.

e Ductile mode fracture was seen in unreinforced material on tensile fractured surfaces. Additionally,
brittle mode of fracture was noted in the composites as the reinforcing amount increased to 6 wt. %.

REFERENCES

[1] P. Dhanalakshmi, N. Mohansundararaju, P. G. Venkatkrishnan, Preparation and mechanical characterization of stir cast
hybrid Al7075 AL, O; B4C metal matrix composites, Applied Mechanics and Materials, 592-594, 2014, pp. 705-710.

[2] K. Umanath, S. T. Selvamani, K. Palanikumar, T. Raphael, K. Prashanth, Effect of sliding distance on dry sliding wear
behavior of Al6061 SiC AlL,Os hybrid composite, Proceedings of International Conference on Advances in Mechanical
Engineering, 2013, pp. 749-75.

(3] T. Hariprasad, K. Varatharajan, S. Ravi, C. Karthikeyan, Evaluation of mechanical properties of fly ash B4C reinforced
Al5083 composites, International Journal of Applied Engineering Research, 10, 9, 2015, pp. 7834-7837.

(4] Siddesh Matti, BP Shivakumar, S Shashidhar, M Nagaral, Dry sliding wear behavior of mica, fly ash and red mud particles
reinforced Al7075 alloy hybrid metal matrix composites, Indian Journal of Science and Technology, 14 (4), 2021, pp. 310-318.
[5] Pankaj R Jadhav, BR Sridhar, Madeva Nagaral, Jayasheel I Harti, Evaluation of mechanical properties of B4C and graphite
particulates reinforced A356 alloy hybrid composites, Materials Today: Proceedings, 4 (9), 2017, pp. 9972-9976.

[6] Satish Babu Boppana, Samuel Dayanand, Bharath Vedashantha Murthy, Madeva Nagaral, Aravinda Telagu, Vijee Kumar,
Virupaxi Auradi, Development and Mechanical Characterisation of A16061-A1203-Graphene Hybrid Metal Matrix Composites,
Journal of Composites Science, 5 (6), 2021, pp. 155.

[7] GB Veeresh Kumar, Gude Venkatesh Chowdary, Mandadi Surya Vamsi, K Jayarami Reddy, Madeva Nagaral, K Naresh,
Effects of addition of Titanium Diboride and Graphite Particulate Reinforcements on physical, mechanical and tribological
properties of Al6061 Alloy based Hybrid Metal Matrix Composites, Advances in Materials and Processing Technologies, 8 (2),
2022, pp. 2259-2276.

[8] V Bharath, V Auradi, Madeva Nagaral, Satish Babu Boppana, Experimental Investigations on Mechanical and Wear
Behaviour of 2014A1-Al203 Composites. Journal of Bio-and Tribo-Corrosion, 6, 2020, pp. 1-10.

[9] Madeva Nagaral, V Auradi, KI Parashivamurthy, SA Kori, BK Shivananda, Synthesis and characterization of Al6061-SiC-
graphite composites fabricated by liquid metallurgy. Materials Today: Proceedings, 5(1), 2018, pp. 2836-2843.

[10]Jayasheel I Harti, TB Prasad, Madeva Nagaral, Pankaj Jadhav, V Auradi, Microstructure and dry sliding wear behaviour of
Al2219-TiC composites. Materials Today: Proceedings, 4 (10), 2017, pp. 11004-11009.

[11]V Bharath, V Auradi, Madeva Nagaral, Satish Babu Boppana, S Ramesh, K Palanikumar, Microstructural and wear behavior
of Al2014-alumina composites with varying alumina content, Transactions of the Indian Institute of Metals, 75, 2021, pp. 133-
147.

[12]HS Vasanth Kumar, UN Kempaiah, Madeva Nagaral, K Revanna, Investigations on mechanical behaviour of micro B4C
particles reinforced Al6061 alloy metal composites. Indian Journal of Science and Technology, 14 (22), 2021, pp. 1855-1863.
[13]Zeeshan Ali, V Muthuraman, P Rathnakumar, P Gurusamy, Madeva Nagaral, Studies on mechanical properties of 3 wt% of
40 and 90 pm size B4C particulates reinforced A356 alloy composites. Materials Today: Proceedings, 52, 2022, pp. 494-499.

1389


https://www.academia.edu/download/79700232/IJST-2021-2081.pdf
https://www.academia.edu/download/79700232/IJST-2021-2081.pdf
https://www.sciencedirect.com/science/article/pii/S2214785317311057
https://www.sciencedirect.com/science/article/pii/S2214785317311057
https://www.mdpi.com/2504-477X/5/6/155
https://www.tandfonline.com/doi/abs/10.1080/2374068X.2021.1904370
https://www.tandfonline.com/doi/abs/10.1080/2374068X.2021.1904370
https://link.springer.com/article/10.1007/s40735-020-00341-2
https://link.springer.com/article/10.1007/s40735-020-00341-2
https://www.sciencedirect.com/science/article/pii/S221478531830083X
https://www.sciencedirect.com/science/article/pii/S221478531830083X
https://www.sciencedirect.com/science/article/pii/S2214785317316917
https://www.sciencedirect.com/science/article/pii/S2214785317316917
https://link.springer.com/article/10.1007/s12666-021-02405-4
https://link.springer.com/article/10.1007/s12666-021-02405-4
https://sciresol.s3.us-east-2.amazonaws.com/IJST/Articles/2021/Issue-22/IJST-2021-736.pdf
https://sciresol.s3.us-east-2.amazonaws.com/IJST/Articles/2021/Issue-22/IJST-2021-736.pdf
https://www.sciencedirect.com/science/article/pii/S2214785321061198
https://www.sciencedirect.com/science/article/pii/S2214785321061198

International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 17s, 2025
https://theaspd.com/index.php

[14]Raj Kumar, RG Deshpande, B Gopinath, Jayasheel Harti, Madeva Nagaral, V Auradi, Mechanical Fractography and Worn
Surface Analysis of Nanographite and ZrO,-Reinforced Al7075 Alloy Aerospace Metal Composites, Journal of Failure Analysis
and Prevention, 21, 2021, pp. 525-536.

[15]V Bharath, Santhrusht S Ajawan, Madev Nagaral, Virupaxi Auradi, Shivaputrappa Amarappa Kori, Characterization and
Mechanical Properties of 2014 Aluminum Alloy Reinforced with ALLOsp Composite Produced by Two-Stage Stir Casting Route,
Journal of The Institution of Engineers (India): Series C, 100, 2019, pp. 277-282.

[16]G Pathalinga Prasad, HC Chittappa, Madeva Nagaral, V Auradi, Influence of B4C Reinforcement Particles with Varying
Sizes on the Tensile Failure and Fractography of LM29 Alloy Composites, Journal of Failure Analysis and Prevention, 20 (6),
2020, pp. 2078-2086.

[17]G Pathalinga Prasad, HC Chittappa, Madeva Nagaral, V Auradi, Influence of B4C Reinforcement Particles with Varying
Sizes on the Tensile Failure and Fractography of LM29 Alloy Composites, Journal of Failure Analysis and Prevention, 20 (6),
2020, pp. 2078-2086.

[18]Samuel Dayanand, Satish Babu Boppana, Virupaxi Auradi, Madeva Nagaral, M Udaya Ravi, Bharath, Evaluation of Wear
Properties of Heat-Treated AL-AIB2 in-situ Metal Matrix Composites, Journal of Bio-and Tribo-Corrosion, 7, 40, 2021, pp. 1-11.
[19]N Nagaraj, KV Mahendra, Madeva Nagaral, Microstructure and evaluation of mechanical properties of Al-7Sifly ash
composites, Materials Today: Proceedings, 5 (1), 2018, pp. 3109-3116.

[20]N Fazil, V Venkataramana, Madeva Nagaral, V Auradi, Synthesis and mechanical characterization of micro B4C particulates
reinforced AA2124 alloy composites, International Journal of Engineering and Technology UAE, 7 (2.23), 2018, pp. 225-229.
[21]Krishna Dama, L Prashanth, Madeva Nagaral, Rakesh Mathapati, MB Hanumantharayagouda, Microstructure and
mechanical behavior of B4C particulates reinforced ZA27 alloy composites, Materials Today: Proceedings, 4,8, 2017, pp. 7546-
7553.

[22]V Balaraj, Nagaraj Kori, Madeva Nagaral, V Auradi, Microstructural evolution and mechanical characterization of micro
Al203 particles reinforced Al6061 alloy metal composites, Materials Today: Proceedings, 47, 2021, pp. 5959-5965.

[23]TH Manjunatha, Yadavalli Basavaraj, Madeva Nagaral, V Venkataramana, Jayasheel I Harti, Investigations on mechanical
behavior of Al7075-nano B4C composites, [OP Conference Series: Materials Science and Engineering, 376 (1), 2018, 012091.
[24]Anjan Kumar B Hanumantharayappa, Chaithra Prasanna, Chethana C Ragavendra, Chandrasekhar Singh Beekam, Latha
Shankar Boluvar, Madeva Nagaral, Suresh Rangappa, Synthesis and mechanical characterization of Si3N4 reinforced copper-tin
matrix composites, Journal of the Mechanical Behavior of Materials, 30 (1), 2021, pp. 199-206.

[25]S Krishna Prasad, Samuel Dayanand, M Rajesh, Madeva Nagaral, V Auradi, Rabin Selvaraj, Preparation and mechanical
characterization of TiC particles reinforced Al7075 alloy composites, Advances in Materials Science and Engineering, 2022,
7105189.

[26]Pankaj R Jadhav, Madeva Nagaral, Shivakumar Rachoti, Jayasheel I Harti, Impact of boron carbide and graphite dual
particulates addition on wear behavior of A356 alloy metal matrix composites, Journal of Metals, Materials and Minerals, 30 (4),
2020, pp. 106-112.

[27]D Priyankar, Zeeshan Ali, Madeva Nagaral, P Rathnakumar, V Muthuraman, MD Umar, Microstructure and evolution of
mechanical properties of Cu-Sn alloy with graphite and nano zirconium oxide particulates, 52, 2022, 296-300.

[28]HS Vasanth Kumar, UN Kempaiah, Madeva Nagaral, V Auradi, Impact, tensile and fatigue failure analysis of boron carbide
particles reinforced Al-Mg-Si (Al6061) alloy composites, Journal of Failure Analysis and Prevention, 21 (6), 2021, pp. 2177-2189.
[29]V Bharath, V Auradi, Madeva Nagaral, Fractographic characterization of Al203p particulates reinforced Al2014 alloy
composites subjected to tensile loading, Frattura ed Integrita Strutturale, 15(57), 2021, pp. 14-23.

[30]N Nagaraj, KV Mahendra, Madeva Nagaral, Investigations on mechanical behaviour of micro graphite particulates reinforced
AL7Si alloy composites, [OP conference series: materials science and engineering, 310 (1), 2018, 012131.

[31]V Venkataraman, Madeva Nagaral, Mechanical characterization and wear behavior of aerospace alloy AA2124 and micro
B4C reinforced metal composites, Journal of Metals, Materials and Minerals, 30 (4), 2020, pp. 97-105.

[32]Bharath Vedashantha Murthy, Virupaxi Auradi, Madeva Nagaral, Manjunath Vatnalmath, Nagaraj Namdev, Chandrashekar
Anjinappa, Shanawaz Patil, Abdul Razak, Abdullah H Alsabhan, Shamshad Alam, Mohammad Obaid Qamar, Al2014-alumina
aerospace composites: particle size impacts on microstructure, mechanical, fractography, and wear characteristics, ACS omega, 8
(14), 2023, pp. 13444-13455.

[33]H S Vasanth Kumar, K Revanna, Nithin Kumar, N Sathyanarayana, N Madeva, GA Manjunath, H Adisu, Impact of Silicon
Carbide Particles Weight Percentage on the Microstructure, Mechanical Behaviour, and Fractography of Al2014 Alloy
Composites, 2022, 2839150

[34]Rashmi P Shetty, TS Mahesh, Zeeshan Ali, G Veeresha, Madeva Nagaral, Studies on mechanical behaviour and tensile
fractography of boron carbide particles reinforced Al8081 alloy advanced metal composites, Materials Today: Proceedings, 52,
2022, pp. 2115-2120.

[35]Madeva Nagaral, V Auradi, V Bharath, Mechanical characterization and fractography of 100 micron sized silicon carbide
particles reinforced Al6061 alloy composites, Metallurgical and Materials Engineering, 28 (1), 2022, 17-32.

[36]GL Chandrasekhar, Y Vijayakumar, Madeva Nagaral, C Anilkumar, Microstructural Evaluation and Mechanical Behaviour
of Nano B4C Reinforced Al7475 Alloy Metal Composites. International Journal of Vehicle Structures & Systems (IJVSS), 13
(5), 2021.

1390


https://link.springer.com/article/10.1007/s11668-020-01092-5
https://link.springer.com/article/10.1007/s11668-020-01092-5
https://link.springer.com/article/10.1007/s40032-018-0442-x
https://link.springer.com/article/10.1007/s40032-018-0442-x
https://link.springer.com/article/10.1007/s11668-020-01021-6
https://link.springer.com/article/10.1007/s11668-020-01021-6
https://link.springer.com/article/10.1007/s11668-020-01021-6
https://link.springer.com/article/10.1007/s11668-020-01021-6
https://link.springer.com/article/10.1007/s40735-021-00476-w
https://link.springer.com/article/10.1007/s40735-021-00476-w
https://www.sciencedirect.com/science/article/pii/S2214785318301263
https://www.sciencedirect.com/science/article/pii/S2214785318301263
https://scholar.google.com/scholar?cluster=9030332322776414799&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=9030332322776414799&hl=en&oi=scholarr
https://www.sciencedirect.com/science/article/pii/S2214785317313809
https://www.sciencedirect.com/science/article/pii/S2214785317313809
https://www.sciencedirect.com/science/article/pii/S2214785321034258
https://www.sciencedirect.com/science/article/pii/S2214785321034258
https://iopscience.iop.org/article/10.1088/1757-899X/376/1/012091/meta
https://iopscience.iop.org/article/10.1088/1757-899X/376/1/012091/meta
https://www.degruyter.com/document/doi/10.1515/jmbm-2021-0020/html
https://www.degruyter.com/document/doi/10.1515/jmbm-2021-0020/html
https://www.hindawi.com/journals/amse/2022/7105189/
https://www.hindawi.com/journals/amse/2022/7105189/
http://jmmm.material.chula.ac.th/index.php/jmmm/article/view/642
http://jmmm.material.chula.ac.th/index.php/jmmm/article/view/642
https://www.sciencedirect.com/science/article/pii/S221478532105745X
https://www.sciencedirect.com/science/article/pii/S221478532105745X
https://link.springer.com/article/10.1007/s11668-021-01265-w
https://link.springer.com/article/10.1007/s11668-021-01265-w
https://www.fracturae.com/index.php/fis/article/view/2980
https://www.fracturae.com/index.php/fis/article/view/2980
https://iopscience.iop.org/article/10.1088/1757-899X/310/1/012131/meta
https://iopscience.iop.org/article/10.1088/1757-899X/310/1/012131/meta
https://digital.car.chula.ac.th/jmmm/vol30/iss4/12/
https://digital.car.chula.ac.th/jmmm/vol30/iss4/12/
https://pubs.acs.org/doi/abs/10.1021/acsomega.3c01163
https://pubs.acs.org/doi/abs/10.1021/acsomega.3c01163
https://www.hindawi.com/journals/amse/2022/2839150/
https://www.hindawi.com/journals/amse/2022/2839150/
https://www.hindawi.com/journals/amse/2022/2839150/
https://www.sciencedirect.com/science/article/pii/S2214785321081402
https://www.sciencedirect.com/science/article/pii/S2214785321081402
https://www.metall-mater-eng.com/index.php/home/article/view/639
https://www.metall-mater-eng.com/index.php/home/article/view/639
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09753060&AN=154913501&h=iY2S9K4ydYvVREPVxU%2Bg7q6Fo2q1tWl0hnY4Zr3ORg4aOhoCWzJwwvsFZQMdn1oRiA8vX4Kk%2BzJKqDErIQbaAw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=09753060&AN=154913501&h=iY2S9K4ydYvVREPVxU%2Bg7q6Fo2q1tWl0hnY4Zr3ORg4aOhoCWzJwwvsFZQMdn1oRiA8vX4Kk%2BzJKqDErIQbaAw%3D%3D&crl=c

