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Abstract

The influence of heat treatment on the mechanical characteristics of cenosphere/aluminum alloy/E-Glass fibre hybrid composites
is discussed. To synthesize hybrid composites, the stir casting process was employed. Tensile properties and characteristic
hardness of the alloy and its composites have been determined under both heat treatment and as cast conditions. Microstructure
exhibits consistent particle spreading in both cast and heat treatment settings. When compared to unheat treated counterparts,
heat treated alloys and composites exhibit a significant improvement in tensile and hardness characteristics. Heat treatment
significantly reduces the ductility of composites. Scanning electron microscopy was used to examine tensile cracked surfaces in
the presence of hybrid reinforcements in order to determine possible fracture processes.
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1. Introduction

Compared to traditionally available alloys the Aluminum composites are suitable in majority of the applications due to it’s
beneficial properties of such as very low density, greater strength, and fatigue resistance. For this reason, the Aluminum
composites tends to be most appropriate or even suggested for the utilization in automobile and aerospace sectors because the
components experiences repetitive loads[1-5]. Especially in automobile parts as well as aerospace the Aluminum based hybrid
composites usually needs exceptional requirements which can be appropriately addressed because of their enhanced as well as
excellent properties. SiC, Boron nitride, Silicon Nitride, fly ash, Graphite, ZrB,, TiB,, TiC, Al;Os, TiO- etc are classified as the
most commonly reinforcements form as well as they are obtainable in the type of particulates, fibers as well as whiskers[6-15].
Amith kumar etal [16] have analyzed, the impact of graphite as well as TiO2 hybrid reinforcement on microstructure and studied
the AA7075 alloy’s Mechanical behavior. By employing stir-casting as well as hot rolling techniques, the samples of AA7075
and hybrid composites of its have been fabricated. A great dispersion of reinforcement’s particles of graphite as well as Titanium
dioxide was shown by the examination of Microstructure also the particles with exceptional bond with AA7075 matrix alloy.
Inclusion of hybrid reinforcements in both hot rolled as well as cast condition, leads to a noticeable improvisation in the tensile
strength as well as micro hardness of hybrid composites. Pradeep kumar et al [17] synthesized an Al-based hybrid composites
material using Titanium dioxide and silicon carbide as reinforcements and AA7075 as matrix using the stir casting process.
Tensile and hardness evaluations, as well as SEM tests, have been performed on the produced composites. Silicon carbide and
titanium diboride particles are dispersed equally throughout the matrix. The specimens of AA7075+ TiO, +SiC composites
demonstrated higher tensile strength as well as high hardness. The authors further confirm that there is a strong connection
between the hybrid reinforcement and the aluminium alloy as observed by the microstructure. Kumar et al [18] used liquid
metallurgy to fabricate composites of Aluminum 6061 alloy and Titanium diboride. To hot forge the composites and metal, a
temperature of 500° C was used. Tensile property evaluations, microstructure research, and micro hardness testing have been
performed on matrix alloy, cast, and forged composites. The author verifies that the TiB2 particles in the matrix alloy are
distributed uniformly, as proven by cast and forged composites, with forged composites exhibiting much greater homogeneity
than cast composites. In terms of ultimate tensile strength and microhardness, composites beat unreinforced alloys. Composites
have a lesser ductility than matrix alloys. Gajakosh et al. [19] investigated the mechanical properties of AA7075-based
composites reinforced with Titanium diboride. Following the casting process, composites and alloys were also hot rolled.
Microstructure analysis indicates a great dispersion of titanium diboride particles and a strong connection between the particles
and matrix. Under hot rolled circumstances, the composites shown a considerable improvement in ductility, strength, and
micro hardness. To achieve superior mechanical qualities, a mix of fibre and particle type phases was tested in the current
study. E-Glass fibre and cenosphere were joined in different ratios due to their exceptional and unique material features, and an
attempt is being made to improve the mechanical properties of hybrid composites by applying the stir casting process [20-22].
Stir casting is one of the simplest processes for creating metal matrix composites. Furthermore, an attempt was made using
heat treatment to perform mechanical assessments in order to create composites with improved characteristics [23-25].
According to published data, the majority of experts have shown a significant interest in improving the properties of MMCs by
applying optimum heat treatment. Even now, data on the characteristics of heat-treated hybrid composites are poorly available.
In light of recent advancements, this work focuses on the production and evaluation of mechanical characteristics of cast and
heat-treated AA7075/Censophere/E-Glass fibre metal matrix composites.
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2. Materials and Process

Among engineering materials, the AA7075 alloy has a huge range of applications as a consequence of it AA7075 alloy has been
selected as matrix. AA7075 alloy ingots have been obtained from M/s PMC Corporation, Bengaluru, India. The AA7075 has the
chemical composition as described in Table 1. The cenosphere particles with dimensions 10 to 30 microns were considered as
primary reinforcement and E-Glass fiber of length 4-6 mm size was utilized as secondary reinforcement was procured from M/s
Tesppo International, Bangalore, INDIA. SEM and EDS of Cenosphere and E-Glass fibers are presented in Fig.1a-b and 2a-b
respectively. By stir casting route the AA7075/Cenosphere/E-Glass fiber composite was manufactured by using 6-kilowatt
electrical resistance furnace utilizing graphite based crucible. Ceramic coated mechanical stirrer with motor facility was adopted
to uniformly mix the hybrid reinforcements by mechanical stirring. Prior to composite preparation, the reinforcement particles
were preheated to a temperature of 200° C to remove the moisture and to activate the surface in order to obtain the best wettability
[26-27]. The entrapped gases were thrown out by adding Hexachloroethane degassing billets. The mechanical stirrer was used to
mix cenosphere and E-glass fiber particles in aluminium alloy by rotating at an rpm of 250 in the molten aluminum. Before
pouring aluminium composite mixture into cast iron moulds, the slag was taken out of the molten mixture. Solidified composite
materials were machined as per standards for various tests.

Table: 1
Composition of Aluminum 7075 alloy

Element Cu Cr Mn M Si Ti Zn Fe Al

i)

Wt. % 1.8 0.2 0.4 1:8 0.5 0.15 3

-
N

0.5 Balance

In a muffle furnace, the composite and matrix alloy were both heated to 520° degrees Celsius for two hours, resulting in a
solutionizing temperature of 520° degrees Celsius. Quenching was performed on both solutionised alloys and composites utilizing
water as the quenching medium. The ageing process was carried out at a temperature of 1900 C for a total of two to ten hours,
with the duration varied. Hardness was determined by the use of Brinell hardness testing. In this test, a 10 kg weight was applied
to the polished surface of the aluminum alloy 7075 and its hybrid composites. It was decided to conduct the inquiry by using an
average of five hardness testing data. A universal testing machine (UTM) was used to evaluate the tensile properties of the
material at room temperature, in line with the ASTM E8-82 methodology. Diagram of a tension sample with dimensions is
depicted in Figure 3 (right). The examination was carried out by obtaining an average of three tensile samples from each of the
compositions under consideration. When it came to examining broken surfaces, scanning electron microscopy was utilized.
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Fig.1a SEM of Cenosphere Fig.1b EDS of Cenosphere
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Fig.2a SEM of E-Glass fiber Fig.2b EDS of E-Glass fiber
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Fig.3 Schematic diagram of tensile specimen

3. Results and Discussion
3.1 Microstructure

Fig.4a-d presents the optical micrographs of AA7075 based hybrid composites before and after heat treatment. It is visible from
the images that the dispersion of primary and secondary phases is fairly uniform with exceptional merallurgical bond between
AAT7075 alloy and reinforcements.

(a)AA7075 alloy
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(c)AAT7075 alloy (Heat Treated -8 hours aged) (d)AA7075+6%Cenopshere+5%E-glass fiber (Heat
Treated -8 hours aged)

Fig.4(a-d) Optical micrographs of AA7075 alloy and AA7075+6%Cenopshere+5%E-glass fiber hybrid
composites before and after heat treatment

When the AA7075 alloy and AA7075+cenosphere+E-Glass fibre hybrid composites are subjected to heat treatment, the optical
micrographs of the alloy and the hybrid composites are shown in Fig.4c and d. (Solutionzed and aged at various ageing periods).
The optical imaging results show that there are no visible casting flaws can be detected. This implies that the synthesised castings
are of good quality, which may be attributed to the employment of the optimum manufacturing conditions possible during the
manufacturing process. Following solutionization of both the AA7075 matrix alloy and the AA7075+E-glass fiber+cenosphere
hybrid composites, the optical micrograph clearly demonstrates the production of intermetallic precipitates in both the AA7075
matrix alloy and the hybrid composites. The micrographs show that the bulk of intermetallic precipitates are related to grain
boundaries, which is consistent with the findings. Aluminum solid solution granules have been ringed by bright intermetallic
precipitates that have formed around them. As shown in the micrographs, the intermetallic precipitates Al2Cu, AI2Cu/Al eutectic
(lamellar morphology), and MgZn, phase are the most commonly visible intermetallic precipitates in the alpha—aluminum grains
of AAT7075 alloy. However, there are a few with block shaped and lamellar morphology that have been identified in the alpha—
aluminum grains of AA7075 alloy. [28-31].

3.2 Hardness

After solutionising, quenching, and ageing for a total of ten hours in two-hour increments, the difference in hardness between the
AAT7075 alloy and its hybrid composites is displayed in Fig.5. (a-e). Hardness of alloy and hybrid composites increases after 8
hours as the ageing duration increases; however, hardness of both alloy and hybrid composites reduces after 8 hours, as the ageing
duration decreases. As a result of the figure, it is experienced. It was discovered in Figures 5(a-e) that, as a result of solutionising
and quenching, both unreinforced alloy and hybrid composites displayed significantly higher hardness in all circumstances
examined as compared to unheated alloy It has been shown that for AA7075+6% Cenopshere+5% E-glass fibre, an ageing time of
8 hours results in a maximum enhancement of 49.2 percent. The increased hardness of the composite as a result of an increased
ageing time may be attributed to a technique in which an increased ageing length accelerates the kinetics of precipitation
hardening throughout the ageing process.

The intermetallic precipitate particles works as obstruction provides protection from the motion of dislocation as well as hereafter
enhances the hardness of the alloy and hybrid composites. For a dislocation to circulate it ought to be possibly cut from the
intermetallic precipitates or perhaps even move between them. In both cases an improved stress value is essential when equated
with alloy that does not have some precipitates. Nevertheless, long ageing period will leads to coarser intermetallic precipitation.
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Fig.5e. Difference in hardness with dual reinforcements (10-Hour aged)

The reason behind the abatement within the hardness after reaching the peak valuation at the top ageing period could be due to the
point that the intermetallic precipitates begin to cultivate and also turnout being a lot less in number. For the small particles to
liquefy and larger particles to get up there has to be diffusion of the solute. As the precipitates can become huge and not many the
distance between precipitates enlarges making it easier for dislocation to pass through causing a decreased shear stress and thus
hardness. From the graphs it's found that for a certain content of E glass fiber and also Cenosphere particles, there is a regular
enhancement in the hardness with expansion in the ageing duration around eight hours, with rise in the ageing duration, it is
observed that there is a little drop in the hardness. Under each among the aged period studied, there is a constant increase in the
hardness with increased both reinforcements. Nevertheless, both alloy and its hybrid composites under eight hours ageing
conditions, exhibited greatest hardness then ageing duration used in the present study [32-34].

3.3 Ultimate Tensile strength

Figure 6 (a-e) depicts the effect of heat treatment on the ultimate tensile strength of AA7075 alloy and hybrid composites of it.
After heat treatment, the strength of the composites is seen to increase in a reasonable manner. There is a continuous increase in
UTS with ageing period. Peak strength was recorded with 8 hours ageing similar to hardness trend. With for AA7075 alloy, the
increment in strength after heat treatment is 21% while in case of hybrid composite with AA7075 6%Cenosphere-5%E glass fiber
it is 28%. The increment in ultimate tensile strength values is after heat treatment is associated to development of precipitates.
Based on micrographs discussed in earlier section, it may be found the bright coloured precipitates are noticed. These precipitates
match to Al,Cu phase (block shaped), Al.Cu/Al eutectic and MgZn.. The development of MgZn, mostly is determined by the Mg:
Zn ratio in AA7075 alloy. Hence, influenced by the ratio along with the precipitate morphology it is possible to find out the
microstructure that consists of coherent MgZn, precipitates. Highest increment in strength of approximately ~28 % was shown by
AAT7075+6 %Cenosphere+5%E-glass fibre hybrid composite in heat treatment conditions that of composite with no heat
treatment. The probable cause could be uniform dispersion of precipitates which resulted in highest increment in strength unlike
other composites. Similar trend was observed in case of hardness in which the AA7075 cenosphere three % E glass fiber hybrid
composite displayed highest hardness before and after heat treatment. Consequently, it is possible to conclude that the hardness
and ultimate tensile strength have pattern distribution that is similar with respect to the trend. The probable reason could be
uniform dispersion of precipitates which resulted in highest increment in strength unlike other composites. Similar trend was
observed in case of hardness where the AA7075+4%Cenosphere+3% E-glass fiber hybrid composite displayed highest hardness
before and after heat treatment [32-36].
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3.4 Ductility

The ductility of AA7075 alloy as well as hybrid composites of are shown after heat treatment which is displayed in figure.7 (a d).
It was observed that after heat treatment the ductility of AA7075 alloy was reduced to 8.4 % from 4.7 % for alloy with no heat
treatment.
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The hybrid composites have shown further decrease in ductility in comparison with that with no heat treated ones. Out of all,
AAT7075-6% cenosphere -5 % E glass fiber hybrid composite showed maximum drop in ductility of approximately ~7.5 % after
heat treatment in comparison with that of before heat treatment. The reason behind decreased ductility is presence of inherently
brittle phases serves as probable sites for crack nucleation resulting in reduction in ductility of composites. But the main stage in
case heat treated alloy and composites is that, voids are created near precipitates due to stress concentration during the tensile test.
These voids will be uniformly distributed if the precipitated are dispersed uniformly in the AA7075 matrix. In such a scenario the
composite will have the tendency to fail earlier than that of those with no heat treated.

3.5 Fractography

In order to connect the microstructure and tensile behaviour of hybrid metal matrix composites, it’s really essential to recognize
the fracture mechanism of the AA7075 alloy as well as hybrid composites of its. Failure of AA7075 alloy as shown in Fig.8 a & b,
is quite ductile in nature. The occurrence of cavities and their growth indicates that the alloy has encountered considerable
quantity of plastic deformation prior to ultimate breakage. Close inspection shows the occurrence of scratch ridges and dimples
which designates the typical ductile failure in case of AA7075 alloy. Further, when compared to the hybrid composites the
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dimples which are deeper as well as bigger is noticed in alloy and that obviously illustrates why alloy seems to have a lot more
ductility. Failure in composites occurs predominantly as a result of cracks generated at the reinforcement contact and matrix,
resulting to cracking or debonding of reinforcements. SEM micrograph Fig.8 of hybrid composite with dual reinforcements
showed brittle failure macroscopically but ductile breakdown on close inspection. Microscopically, smaller size cavities and their
development imply ductile fracture. In the case of hybrid composites with the highest dual content of reinforcement, SEM
micrographs show that the failure is primarily brittle in nature. The absence of plastic deformation features such as indentations
indicates that this hybrid composite failed due to brittle rupture. In addition, particle debonding has been seen in a few locations.
Particle debonding is caused primarily by high localised stresses surrounding the particles caused by an increase in flow stress.
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Fig.8(a-d) SEM of fractured surfaces before and after heat treatment

Furthermore, prior to pre-crack, such high stresses allow voids to form in between the damaged particles, resulting in brittleness
failure. Brittle failure of hybrid composites with the greatest dual reinforcement concentration is thus caused by a lack of plastic
deformation and particle debonding. Many studies have found brittle breakdown of composites as a result of similar processes.
Furthermore, compared to matrix alloys, the matrix cavitation in hybrid composites is substantially higher owing to the large
number of shattered reinforcements, as shown in figure.8. During deformation, the segments of shattered reinforcements separate,
resulting in a void. Additionally, microcracks in the hybrid composites' fracture surface were discovered at the reinforcement-
matrix interface and are propagating through the reinforcements. A mismatch between the reinforcement and matrix thermal
coefficients results in the start of cracks in the matrix near the contact.
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4.0 Conclusions

1. By stir-casting route, AA7075/Cenosphere/E-Glass fiber composites were successfully fabricated and heat treated.

2. Microstructure analysis confirms the Cenosphere and E-Glass fibers are homogeneously dispersed all over aluminum alloy.

3. Ageing studies were performed between 2 to 10 hours in steps of two hours; extreme hardness and tensile strength was
recorded for 8 hours of ageing.

4.  As aluminum alloys and hybrid composites are heat treated, they display increased tensile strength, increased hardness, and
decreased ductility when compared to unheated alloys and composites.

5. Fractography investigations reveal that the failure mechanisms of the tensile samples are a mix of brittle (macroscopically)
and ductile (microscopically).

References
[1] P.Agarwal, and C.T. Sun 2004 Fracture in Metal Ceramic Composites. Composite Science &Technology 64, 1167-1178.
[2] V.R.S.Murthy, A.K.Jena, K.P.Guptha and G.S.Murthy 2003 Structure and properties of Engineering Materials. Tata

McGraw Hill, New Delhi.
[3] I.A. lbrahim, F.A. Mohamed, E.J. Lavernia, “Particulate reinforced metal matrix composites—a Review”, Journal of
Material Science Vol 26, (1991), Page 1137-1156.

[4] RV Kumar, R Keshavamurthy, CS Perugu, M Alipour, C Siddaraju “Influence of hot rolling on friction and wear behaviour
of Al6061-ZrB; in-situ metal matrix composites” Journal of Manufacturing Processes 69, 473-490.

[5] Y. Sahin, M. Acilar, "Production and properties of SiCp-reinforced Aluminium alloy composites". Composites: Part A. Vol.
34,2003, PP. 709-718.

[6] T.M.Harish, Suni Mathai Jose, Cherian Kevin, M.Mathew Tony, Thomas K.V.Vishnu Prasad, Vivek C.Ravi “Development
of aluminium 5056/SiC/bagasse ash hybrid composites using stir casting method”, Materials Today Proceedings, Volume 27,
Part 3, 2020, Pages 2635-2639.

[7] K.V. Shivananda Murthy, D.P. Girish, R. Keshavamurthy, T. Varol, P.G. Koppad, 2017 Mechanical and thermal properties
of AA7075/TiO2/Fly ash hybrid composites obtained by hot forging, Progress in Natural Science: Materials International,
Elsevier Publications, Vol. 27, 474-481.

[8] K.V.Shivananda Murthy, D.P.Girish and R.Keshavamurthy, 2015 Investigation on mechanical Behavior of hot forged
AL7075-TiO,-flyash hybrid metal matrix composites, International Journal of Applied Engineering Research, Vol. 10, 55,
4105-4100.

[9] G.S.Pradeep Kumar, P.G.Koppad, R.Keshavamurthy, Mohammed Alipour 2017 Microstructure and Mechanical Behavior of
In-situ Fabricated AA6061-TiC In-situ Composite Archives of Civil and Mechanical Engineering 17 (3), 535-544.

[10] K.V.Shivananda Murthy, R.Keshavamurthy, D.P.Girish 2015 Mechanical Characteristics of Hot forged Al6061-Al,03
composite Journal of Applied Mechanics and Materials, Vol. 787, 598-601.

[11] G.S. Pradeep Kumar, R. Keshavamurthy, PrachiKumari 2016 Influence of Hot forging on Tribological behavior of Al6061-
TiB2 In-situ composites, 10P Conf. Series: Materials Science and Engineering, 149 (1), 012087.

[12] Vasanth Kumar S, R.Keshavamurthy, Chandrashekar, 2016, Microstructure and Mechanical Behaviour of Al6061- ZrB- In-
situ Metal Matrix Composites IOP Conf. Series: Materials Science and Engineering 149 (1), 012062.

[13] YB Mukesh, TP Bharathesh, R Saravanan, R Keshavamurthy 2019 Effect of hot extrusion on mechanical behaviour of boron
nitride reinforced aluminium 6061-based metal matrix composites International Journal of Materials Engineering
Innovation 10 (2), 135-151.

[14] R Keshavamurthy, J.M Sudhan, N Gowda, RA Krishna 2016 Effect of Thermo-Mechanical Processing and Heat Treatment
on the Tribological Characteristics of Al Based MMC's IOP conference series: Materials science and Engineering 149 (1),
012118.

[15] Keshavamurthy, R., Ugrasen, G., Manasa, R., Gowda, N.Estimation of tribological behavior of Al2024-TiB; in-situ
composite using GMDH and ANN, Applied Mechanics and Materials, 592-594, pp. 1310-1314.

[16] Amith kumar Gajakosh, R.Keshavamurthy, T.Jagadeesha, R. Suresh Kumar, Investigations on mechanical behaviour of hot
rolled AA7075/TiO,/Gr hybrid composites Ceramics International, November 2020.

[17] G. S. Pradeep Kumar, R. Keshavamurthy, Vijay Tambrallimath, Riya Biswas, Yogesh Sahebrao Andhale, Mechanical
Properties of AA7075-SiC-TiO; Hybrid Metal Matrix Composite, Advanced Manufacturing and Materials Science pp
301-307.

[18] GSP Kumar, R Keshavamurthy, CS Ramesh, TP Bharathesh “Mechanical properties of Hot forged Al6061-TiB, In-situ
Metal Matrix Composites”, Materials Today: Proceedings 2 (4-5), 3107-3115.

[19] AK Gajakosh, R Keshavamurthy, G Ugrasen, H Adarsh, “Investigation on mechanical behavior of hot rolled AA7075-TiB;
in-situ metal matrix composite” Materials Today: Proceedings 5 (11), 25605-25614.

[20] Naveena, B.E., Keshavamurthy, R., Sekhar, N., Dry Sliding Wear Behaviour of Plasma Sprayed Flyash-Al,Os and Flyash-
SiC Coatings on the AA7075 Aluminum Alloy, Silicon, 11(3), pp. 1575-1584, 2019.

[21] J. W. Pinto, G. Sujaykumar, Sushiledra R. M 2016 Effect of Heat Treatment on Mechanical and Wear Characterization of
Coconut Shell Ash and E-glass Fiber Reinforced Aluminum Hybrid Composites American Journal of Materials Science,
6(4A): 15-19.

[22] Siddharth Patela and R.S. Rana and Swadesh Kumar Singh, 2017 Study on mechanical properties of environment friendly
Aluminium E-waste Composite with Fly ash and E-glass fiber Materials Today: Proceedings 4 3441-3450.

Copyrights @Kalahari Journals Vol. 6 (Special Issue, Nov.-Dec. 2021)
International Journal of Mechanical Engineering
222


https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=O-FbnpAAAAAJ&sortby=pubdate&alert_preview_top_rm=2&citation_for_view=O-FbnpAAAAAJ:35r97b3x0nAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=O-FbnpAAAAAJ&sortby=pubdate&alert_preview_top_rm=2&citation_for_view=O-FbnpAAAAAJ:35r97b3x0nAC
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/article/pii/S2214785319337642#!
https://www.sciencedirect.com/science/journal/22147853/27/part/P3
https://www.sciencedirect.com/science/journal/22147853/27/part/P3
http://www.sciencedirect.com/science/article/pii/S2213020916300404
http://www.sciencedirect.com/science/article/pii/S2213020916300404
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6506959389&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56297822600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56587892600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56225861400&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56225861400&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84904988949&origin=resultslist&sort=plf-f&src=s&sid=ea777d5d74fa1d793aa04501c0074005&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286506959389%29&relpos=24&citeCnt=1&searchTerm=
https://www.scopus.com/sourceid/4700151914?origin=resultslist
https://www.sciencedirect.com/science/article/pii/S0272884220332910#!
https://www.sciencedirect.com/science/article/pii/S0272884220332910#!
https://www.sciencedirect.com/science/article/pii/S0272884220332910#!
https://www.sciencedirect.com/science/article/pii/S0272884220332910#!
https://www.sciencedirect.com/science/journal/02728842
https://link.springer.com/book/10.1007/978-3-319-76276-0
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56872734600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6506959389&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56494814900&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85054320548&origin=resultslist&sort=plf-f&src=s&sid=41e24bc1fe8ffcc7aeaf26ce57eed0ed&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286506959389%29&relpos=16&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85054320548&origin=resultslist&sort=plf-f&src=s&sid=41e24bc1fe8ffcc7aeaf26ce57eed0ed&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286506959389%29&relpos=16&citeCnt=1&searchTerm=
https://www.scopus.com/sourceid/19400158637?origin=resultslist

DOI : https://doi.org/10.56452/0034
[23] A. Pardo, M.C. Merino, S. Merino, F. Viejo, M. Carboneras, R. Arrabal, Influence of reinforcement proportion and matrix
composition on pitting corrosion behaviour of cast aluminium matrix composites (A3xx.x/SiCy), Corrosion Science 47
(2005) 1750-1764.

[24] Ulhas K. G.B.Annigeri Veeresh KumarMethod of stir casting of Aluminum metal matrix Composites: A review, Materials
Today Proceedings, Volume 4, Issue 2, Part A, 2017, Pages 1140-1146.

[25] S.Suresh N. Shenbaga Vinayaga Moorthi Process Development in Stir Casting and Investigation on Microstructures and
Wear Behavior of TiB; on Al6061 MMC, Procedia Engineering, Volume 64, 2013, Pages 1183-1190.

[26] J. Hashim, L. Looney, M.s.J. Hashmi, The enhancement of wettability of SiC particles in cast aluminium matrix composites,
December 2001, Journal of Materials Processing Technology 119(1):329-335.

[27] ArunKumar Sharma, RakeshBhandari, AmitAherwar, CameliaPinca-Bretotean, A study of fabrication methods of aluminum
based composites focused on stir casting process, Materials Today Proceedings, Volume 27, Part 2, 2020, Pages 1608-1612.

[28] S.C. Jacumasso, J.de Paula Martins, A.L.M. de Carvalho, Analysis of precipitate density of an aluminium alloy by TEM and
AFM, REM - International Engineering Journal 69 (2016) 451-457.

[29] H.B. Zhang, B. Wang, Y.T. Zhang, Y. Li, J.L. He, Y.F. Zhang, Influence of aging treatment on the microstructure and
mechanical properties of CNTs/7075 Al composites, Journal of Alloys and Compounds 814 (2020) 152357.

[30] A.G. Leacock, C. Howe, D. Brown, O. Lademo, A. Deering, Evolution of mechanical properties in a 7075 Al-alloy subject
to natural ageing, Materials and Design 49 (2013) 160-167.

[31] H. Wu, S. Wen, J. Lu, Z. Mi, X. Zeng, H. Huang, Z. Nie, Microstructural evolution of new type Al-Zn—Mg—Cu alloy with
Er and Zr additions during homogenization, Trans. Nonferrous Met. Soc. China 27 (2017) 1476-1482.

[32] TP Bharathesh, CS Ramesh, R Keshavamurthy, SM Verma Effect of hot forging on mechanical characteristics of Al6061-
TiO2Metal matrix composite Materials Today: Proceedings 2 (4-5), 2005-2012.

[33] I. Nikulin, A. Kipelova, S. Malopheyev, R. Kaibyshev, Effect of second phase particles on grain refinement during equal -
channel angular pressing of an Al-Mg—Mn alloy, Acta Mater. 60 (2012) 487-497.

[34] D. Hull, D.J. Bacon, Introduction to Dislocations, fifth edition, Butterworth Heinemann, Oxford, 2011.

[35] A. Javdani, A.H. Daei-sorkhabi, Microstructural and mechanical behavior of blended powder semisolid formed Al7075/B.C
composites under different experimental conditions, Trans. Nonferrous Met. Soc. China 28 (2018) 1298-1310.

[36] K. Ma, H. Wen, T. Hu, T.D. Topping, D. Isheim, D.N. Seidman, E.J. Lavernia, J.M. Schoenung, Mechanical behavior and
strengthening mechanisms in ultrafine grain precipitation-strengthened aluminum alloy, Acta Materialia 62 (2014) 141-155.

Copyrights @Kalahari Journals Vol. 6 (Special Issue, Nov.-Dec. 2021)
International Journal of Mechanical Engineering
223


https://www.sciencedirect.com/science/article/pii/S221478531730130X#!
https://www.sciencedirect.com/science/journal/22147853/4/2/part/PA
https://www.sciencedirect.com/science/article/pii/S1877705813017116#!
https://www.sciencedirect.com/science/article/pii/S1877705813017116#!
https://www.sciencedirect.com/science/journal/18777058
https://www.sciencedirect.com/science/journal/18777058/64/supp/C
https://www.researchgate.net/scientific-contributions/J-Hashim-72634522?_sg%5B0%5D=wmiA0RT-9Kl14YofFHp8OxNyDMetvUyAksQCvPme-CKyBiO8VCvioctWVJK5fASERfM1c8I.KZj_I9WXn2TQMTyPNNrV1908XB1bR-HxnCeAaNpza4vncNdO0NSbIoKqMcbMAeVH3qYulolUFtUxy5runKxwzw&_sg%5B1%5D=Ql5aDz_MiCXG54TGUsXJyUwwB8tqY5NVfpR7mGOeIW5HXkFbWckT3IHGOqsEuAS4YsXVosc.71ArthYYqNM_vdrswuG4S-WazTmRYZOCClG0YQDR6w0Skm2AXe67SRBp6D16ZdFAzzqh0uSdbE_IAHdgRHWi9w
https://www.researchgate.net/scientific-contributions/L-Looney-72364721?_sg%5B0%5D=wmiA0RT-9Kl14YofFHp8OxNyDMetvUyAksQCvPme-CKyBiO8VCvioctWVJK5fASERfM1c8I.KZj_I9WXn2TQMTyPNNrV1908XB1bR-HxnCeAaNpza4vncNdO0NSbIoKqMcbMAeVH3qYulolUFtUxy5runKxwzw&_sg%5B1%5D=Ql5aDz_MiCXG54TGUsXJyUwwB8tqY5NVfpR7mGOeIW5HXkFbWckT3IHGOqsEuAS4YsXVosc.71ArthYYqNM_vdrswuG4S-WazTmRYZOCClG0YQDR6w0Skm2AXe67SRBp6D16ZdFAzzqh0uSdbE_IAHdgRHWi9w
https://www.researchgate.net/profile/Msj_Hashmi?_sg%5B0%5D=wmiA0RT-9Kl14YofFHp8OxNyDMetvUyAksQCvPme-CKyBiO8VCvioctWVJK5fASERfM1c8I.KZj_I9WXn2TQMTyPNNrV1908XB1bR-HxnCeAaNpza4vncNdO0NSbIoKqMcbMAeVH3qYulolUFtUxy5runKxwzw&_sg%5B1%5D=Ql5aDz_MiCXG54TGUsXJyUwwB8tqY5NVfpR7mGOeIW5HXkFbWckT3IHGOqsEuAS4YsXVosc.71ArthYYqNM_vdrswuG4S-WazTmRYZOCClG0YQDR6w0Skm2AXe67SRBp6D16ZdFAzzqh0uSdbE_IAHdgRHWi9w
https://www.sciencedirect.com/science/article/pii/S2214785320320964#!
https://www.sciencedirect.com/science/article/pii/S2214785320320964#!
https://www.sciencedirect.com/science/article/pii/S2214785320320964#!
https://www.sciencedirect.com/science/article/pii/S2214785320320964#!
https://www.sciencedirect.com/science/journal/22147853/27/part/P2
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=O-FbnpAAAAAJ&cstart=20&pagesize=80&citation_for_view=O-FbnpAAAAAJ:abG-DnoFyZgC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=O-FbnpAAAAAJ&cstart=20&pagesize=80&citation_for_view=O-FbnpAAAAAJ:abG-DnoFyZgC



