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Abstract

The current study investigates the microstructure, hardness, and wear behavior of hybrid nano metal
matrix composites consisting of Beryl and Graphene Nano Platelets (GNPs) as reinforcing elements
and Al7075 as the matrix material. Beryl's weight percentage (wt. %) is 6wt. %, while GNPs' weight
percentages range between 1wt. % and 2wt. %. Stir casting, the most practical and widely used liquid
metallurgical process, was used to create the hybrid nano composites. The goal of this research was to
use a severe plastic deformation technique known as multidirectional forging (MDF) and heat
treatment. The effects of various heat treatments on mechanical properties, such as annealing, solid
solution, peak ageing, and over ageing before MDF, were investigated in this study. At 200°C, the
heat-treated material is processed using the multi-directional forging (MDF) technique. A scanning
electron microscope (SEM) is used to study the effect of adding Graphene and Beryl reinforcement
material in Al 7075 alloy, and a Vickers hardness test is performed to examine the hardness of
developed as-cast and MDF processed composites. The Pin-On Disc test is used to study the wear
behavior of the as-cast and MDF processed Composites. The SEM results reveals the uniform
distribution of the reinforcement in Al7075 alloy. Increased hardness is noticed post incorporation of
Graphene and Beryl reinforcement as compared to Al7075 alloy.
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Introduction

The most adaptable, cost-effective, and visually appealing metallic materials for a variety of
applications are aluminium alloys because of the special characteristics combinations they offer. To
meet the application demands, the emerging technologies and trends of the current generation
necessitate the downsizing of unwieldy structures to light weight structures on the one hand and the
integration of various properties on the other [1,5]. The second most used metal in structural
applications, behind steel, is aluminium alloys. The several aero plane structural components and other
stressed structural applications employ the Al7075 alloy. Metal matrix composites (MMCs) made of
aluminium have a number of enhanced customized features that are used in numerous automotive
applications. Numerous researchers have been inspired to investigate novel materials and cutting-edge
methods of their preparation by the need to enhance the mechanical properties of aluminium alloys. In
order to meet the needs of various engineering applications, research primarily focuses on identifying
reinforcing materials with superior mechanical properties. The type of reinforcements employed
affects the aluminium matrix's performance. Several reinforcements, including SiC, C, B4C, Al2Os,
AlzNi, ZrOz, W, and TiC, have been utilized by researchers to improve the functionality and
characteristics of AMMC:s. It has been discovered that beryl and graphene nanoplatelets (GNPs) are
the best reinforcing materials for enhancing the characteristics of aluminium MMCs. Al alloy can be
strengthened primarily through alloying and age-hardening [5-6]. New complementary and alternative
approaches, based on straining and grain refinement, are nonetheless presented. As a result, over the
past 20 years, several efforts have been made to develop ultrafine grained (UFG) materials. The Hybrid
Metal Matrix is a significant advancement in the development of advanced materials. Aluminium and
its alloys are the most commonly used metal matrix materials in the development of MMCs. Al 7075
is a popular aluminium alloy for structural applications due to its appealing comprehensive properties
such as low density, high strength, ductility, toughness, and fatigue resistance. It is widely used in
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aircraft structural parts and other high-stress structural applications. Aluminium reinforced with
conventional ceramic materials such as SiC / Al203 is gradually being implemented in the automotive
industry for the production of pistons, cylinders, engine blocks, brakes, and power transmission system
elements. Beryl and Graphene nanoplatelets (GNPs) are better materials with incredible properties,
and their addition improves the properties of AMMCSs. Many engineering fields, such as automobiles,
aerospace, and electronic equipment, are always in need of very light materials with good mechanical
properties. Aluminum-based metal matrix composites reinforced with Beryl and GNPs could be a
solution for such applications [11-15]. It can meet the requirements of light weight and high strength.
The current study focuses on creating hybrid composites with Beryl and GNPs reinforcements for
various compositions and evaluating their mechanical properties, as well as investigating the effect of
solutionizing (T6) heat treatment on the developed hybrid composites.

The present paper deals with the study of hardness and wear behavior of Al7075-Beryl-Graphene
hybrid nano-composites processed by multidirectional forging process.

Experimental Procedure

In this study, Al7075 alloy with Beryl 6wt. % and varying wt. % of GNPs (1 wt.% and 2 wt.%) has
been used. The samples were prepared using liquid metallurgy process is shown in Figure 1. Liquid
metallurgy vortexing was used to create Al7075/Beryl composites and Al7075/Beryl/Graphene hybrid
composites (Stir casting technique). Stir casting is a well-known technique in liquid metallurgy in
which a vortex is created using a mechanical stirrer. A predetermined quantity of Al7075 alloy ingots
was first kept in a crucible before being placed in an electric furnace to melt. While aluminium alloy
melts at 660°C to 700°C, it is superheated to 800°C in the melting furnace to produce the molten matrix
slurry and vortex. The tablet hexa-chloro-ethane (C2Clg) was then used as a degassing agent. The use
of hexa-chloro ethane degassing tablets is critical in the dissolution of Hydrogen (H2) gas in an
aluminium matrix. Porosity is caused by the presence of H2 gas during casting. Stirring facilitates the
uniform dispersion of reinforcement into a matrix. For 10 minutes, the molten AlI7075 alloy was
agitated with a mechanical stirrer at a speed of 300 rpm. By preheating the oven to 500°C, the moisture
content of the beryl and graphene reinforcement was removed and the wettability was increased [16-
20]. The preheated and calculated weight percentage of reinforcement was included, along with a 5-
minute stirring time in the vortex. Metallic solid cast iron moulds were preheated prior to pouring the
melt mixture to avoid surface cracking caused by rapid cooling and inadequate filling of the moulds.
Finally, AlI7075 was dispensed into a preheated solid cast iron mould along with varying weight
percentages of Beryl and Graphene particles for solidification. The samples of AI7075/Beryl/Graphene
composites produced are shown in Table 1.

Following the stir casting process, the sample was subjected to Multidirectional forging (MDF). MDF
is a severe plastic deformation (SPD) technique used to refine grain size down to the nanostructure
range. The basic idea behind this technique is to perform multiple repeats of open-die forging
operations while rotating the load axis by 90° at each pass. Grain refinement has a significant impact
on several material properties, including strength, fatigue, and super-plasticity. Heat treatments are
applied to samples in order to investigate the effects of various heat treatments prior to MDF on the
evolution of microstructure and mechanical properties. The die design are shown in the figure 2. The
samples were cut 30mm x 30mm x 25mm. MDF was processed in three passes at a temperature of 200
degrees Celsius. In one pass, the material accumulates a total strain of 0.18. The material accumulates
0.54 strain in three passes. In MDF processing, these three passes complete one full cycle. H11 tool
steel heat treated to 50 HRc was used to make the MDF die. The MDF die is made in a split design
with a bottom plate support. Figure 2 depicts the MDF die setup used in this study. MDF was processed
using a 40 Ton universal testing machine (UTM). Following the completion of one pass, the sample is
rotated 90 degrees over the horizontal axis and pressed to the same strain as in previous passes.
Microstructure study and hardness tests were performed. MDF processed Al 7075 reinforced with 6
wt% Beryl and varying wt% Graphene, as-cast Al 6Al7075 alloy, as-cast Al 7075 reinforced with
Beryl and Graphene Scanning electron microscopy was used to investigate the microstructures (SEM)
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Figure 2: MDF process set up used in the present work
[20-25]. The Vickers hardness test method, also known as a micro-hardness test method according to
ASTM E-384, was used to conduct hardness tests on the developed composites as shown in Figure 3.

Pin on-disc setup TR20-LE (Ducom Instruments-Bengaluru) was used to analyze wear behavior of
Al7075-Beryl-Graphene as per ASTM G99 standard as shown in Figure 4.

Figure 1: Stir Casting set up
Table 1:- List of Specimens prepared with reinforcement wt. % of different composition.

Specimen Aluminum 7075 Beryl Graphene
S1 100 wt. % Owt. %" 0 wt. %
S2 93 wt. % 6 wt. % 1wt %
S3 92 wt. % 6 wt. % 2 wt. %
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Figure 3: Vickers Hardness Tester Figure 4: Pin-On Disc set up for wear test

Results and Discussion

Microstructure Analysis of developed composites

a) AIl7075 as cast b) AI7075 /6wt. %Be / Al7075 /6wt. % Be / 2Wt. %
1Wt. % GNPs as cast GNP as cast
Figure 5: SEM micrographs of as cast samples
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a) AIl7075 as cast b) AI7075 /6wt. %Be / Al7075 /6wt. % Be / 2Wt. %
1Wt. % GNPs as cast GNP as cast
Figure 6: SEM micrographs of MDF samples
The microstructural characteristics of GNPs as received prior to fabrication and after fabrication of
Al7075-Beryl-GNPs composites are thoroughly investigated. Figure 5 and 6 depicts scanning electron
microscopy (SEM) images of as cast and MDF processed samples.
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The microstructure is revealed by SEM micrographs to be a homogeneous dispersion of fine Beryl
particles, GNPs, and intermetallic compounds dispersed along the grain boundary in the matrix of Al
7075, with good bonding between Beryl, GNPs, and Al 7075 alloy. The uniform scattering and strong
bonding of GNPs-Beryl within Al 7075 improves its properties. SEM micrographs of Al7075 and its
hybrid composites are shown in Figure 5 [30-34].

From the Figure 6, it’s clear that after the MDF process the porosity is reduced. Along with porosity,
regional clusters of nano particles are observed. There is good interfacial bonding between the matrix
material and the carbon nano tubes. The type of reinforcing particles, density, distribution, and size
will all have an impact on the properties of the composite material produced.

Hardness
Vickers hardness number of the alloy in different processing states of the material. Al 7075 alloy
in cast state possess hardness of 102.2 VHN. After adding 6 wt. % Beryl and 1 wt. % GNP
reinforcement to the Al 7075, the hardness increased to 38% VHN as shown in Figure 7. It is noticed
that hardness is increased by 15% adding 6 wt. % Beryl and 2 wt% of GNP The hardness of the
material is increased by 20% and this process is before MDF. After MDF Al 7075 in cast state
process hardness of 85 VHN. After adding 6 wt. % Beryl and 1 wt% of GNP to Al 7075 hardness
number of 105 VHN. It is noticed that hardness is increased by 20%. After adding 6 wt% Beryl and
2 wt% GNP to Al7075 hardness number of 130 VHN. It is noticed that hardness is increased by
14%.
It is inferred from the test results that, the increasing of weight percentage addition of Beryl and
GNPs enhances the hardness of AI7075 and its composites. The hybrid composites attain peak
hardness on the addition of 6wt. % of Beryl particles and 2% of GNPs (sample. The hybrid
composites having 6wt.% of Beryl particles and 2% of Graphene developed using casting showed
enhancement of 49.23% as compared to Al7075 matrix material for the as cast process. The hybrid
composites attain peak hardness on the addition of 6wt. % of Beryl particles and 2% of GNPs
(sample C)[35]. The hybrid composites having 6wt. % of Beryl particles and 2% of Graphene
developed using MDF process showed enhancement of 70.97% as compared to Al7075 matrix
material for the as cast process. This happens due to increases in the surface area of the matrix and
the reduced grain size of the GNPs and also Beryl particles are harder than Al7075. This results
shows that the MDF process increases Hardness of AI7075 matrix material. The MDF process in
which severe plastic deformation leads to formation of precipitates and refinement of grain
structure. The presence of hard and high strength Beryl and GNPs enhances the hardness and offer
restricted deformation during indentation. Table 2 depicts the micro hardness results of as-cast and
MDF processed of developed composites

Table 2: Vickers hardness test results

As-Cast-VHN MDF-VHN Percentage Increase in Hardness
85.1 102.2 20.09%
103.6 124.9 17.05%
127 145.5 14.56%

Page | 120 Copyright @ 2022 Authors



Dogo Rangsang Research Journal UGC Care Group | Journal

ISSN : 2347-7180 Vol-12 Issue-11 No. 02, December 2022
150
-As-(‘ast
1351 Il MDF
120 -

30

Vicker's Harndess Number

A (AI7075) B (1 Wt.% GNP) C (2 Wt.% GNP)

Varying Wt. % of Graphene
Figure 7: VHN of the developed composites

Wear Behavior of Al7075-Beryl-GNPs Hybrid Composites

One of the most important parameters in material wear loss is the application of load. The wear
behaviour of the developed as-cast composites and MDF processed is studied at various loads,
namely 10N, 20N, and 30N, while the other two factors, namely sliding speed and sliding distance,
are kept constant, namely 1.5 m/sec and 1000m, respectively.

Wear tests on AI7075 matrix alloy and Al7075-Beryl-GNPs hybrid composites revealed that wear
loss increases as applied load increases. The wear loss of as-cast and MDF processed Al7075 alloy
is highest in all loading conditions, as shown in the figure. Wear loss of hybrid composites composed
of AI7075-Beryl-GNPs decreased as the weight percentage of GNPs in Al7075 increased. The
Al7075-6 wt.% Beryl - 2 wt.% GNPs have the greatest reduction in wear and increase in wear
resistance. This is due to the AI7075's high hardness and homogeneous dispersion of GNPs and Beryl
particulates. GNPs and Beryl particulates act as a barrier and have a significant impact on wear
resistance enhancement.

1
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Figure 8: Wear loss of as-cast and MDF processed Al7075 and its hybrid composites at different
loads
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Conclusion

1. AI7075 alloy — varying wt. % of Beryl (2 wt. %, 4 wt. %, 6 wt. %, & 8 wt. %) composites
were successfully fabricated via melt stirring method and multi-directional forging process.

2. The reinforcements Beryl and GNPs particulates were introduced into Al7075 alloy using
melt stirring which caused in uniform dispersion of Beryl and GNPs with very less or
clustering/agglomeration which is observed in SEM micrographs.

3. The increase in weight percentage of Beryl and GNPs increases the hardness of Al7075 and
its hybrid composites. The hybrid composites attain peak hardness on the addition of 6wt.
% of Beryl particles and 2% of GNPs. The hybrid composites having 6wt. % of Beryl
particles and 2% of Graphene developed using casting showed enhancement of 49.23% as
compared to Al7075 matrix material for the as cast process. The hybrid composites attain
peak hardness on the addition of 6wt. % of Beryl particles and 2% of GNPs (sample C). The
hybrid composites having 6wt. % of Beryl particles and 2% of Graphene developed using
MDF process showed enhancement of 70.97% as compared to Al7075 matrix material for
the as cast process.

4. The effect of the applied load on AlI7075-Beryl-GNPs composites was studied. The wear

loss of the AI7075-Beryl-GNPs hybrid composites increases with increase in the loads. And
also wear loss of the Al7075-Beryl —GNPs hybrid composites decreases with increase in
weight percentage of reinforcements GNPs in the AlI7075 alloy.

References

1.
2.

3.

4.

10.

11.

12.

13.

14.

Autar K. Kaw., Mechanics of Composite Materials, Taylors & Francis, Boca Raton: CRC Press, 2006.
Kainer K.U., Metal-Matrix Composites. Customs-made materials for automotive and aerospace
engineering. Weinheim: Wiley-VCH; 2006.

Clyne TW, Withers P.J. An introduction to metal matrix composites. Cambridge: Cambridge University
Press; 1993.

S. Scudino, G.Liu, K.G. Prashanth, B. Bartusch, K.B. Sureddi, B.S Murthy, and J. Eckert, “Mechanical
properties of of Al-based metal matrix composites reinforced with Zr-based glassy particles produced by
powder metallurgy”, Acta Materialia, 57, (2009), pp. 2029-2039.

ASM International: Handbook, Properties and Selection: Nonferrous Alloys and special-purpose materials.
2, 1990.

Slipenyuk. A, Kuprin V, Milman Y, Goncharuk V, and Eckert J, “Properties of P/M processed particle
reinforced metal matrix composites specified by reinforcement concentration and matrix-to-reinforcement
particle size ratio”, Acta Materialia, 54, 1, (2006), pp. 157-166.

Abdollah Saboori, Syed Kiomars Moheimani, Mehran Dadkhah, Pavese. M, C. Badini, and Paolo Fino, “An
overview of key challenges in the fabrication of metal matrix nanocomposites reinforced by Graphene
nanoplatelets”, Metals, 8, (2018), pp. 1-25.

S. Li, B. Sun, H. Imai, T. Mimoto, and K. Kondoh, Powder metallurgy titanium metal matrix composites
reinforced with carbon nanotubes and graphite, Composites Part A: Applied Science and Manufacturing, 48,
(2013) 57-66.

Sajjadi, S. A., Ezatpour, H. R., and Parizi, M. T, “Comparison of microstructure and mechanical properties
of A356 aluminum alloy / Al,O3 composites fabricated by stir and compo-casting processes”, Materials and
Design, 34, (2012), pp. 106-111.

Stefania Toschi, “Optimization of A354 Al-Si-Cu-Mg Alloy heat treatment, effect on microstructure,
hardness, and tensile properties of peak aged and overaged alloy”, Metals, 8, 961, (2018).

N R Prabhu swamy, C S Ramesh, and T Chandrasekhar, “Effect of heat treatment on strength and abrasive
wear behavior of AI6061-SiCp composites”, Bull.Mater. Sc., 33, 1, (2010), pp. 49-54.

C.S. Ramesh, R. Keshavamurthy, B.H. Channabasappa, and S.Pramod, “Influence of heat treatment on
slurry erosive wear resistance of Al6061 alloy”, Material & Design, 30, 9, 2009, pp. 3713-3722.

Ashok Kumar Sahoo, and Swastik Pradhan, “Modeling and optimization of Al/SiCp MMC machining
using Taguchi approach, “Measurement, 46, (2013), pp. 3064-3072.

Radhika N, Subramanian R, and Venkat Prasat S, “Tribological behavior of Aluminum/Alumina/Graphite
hybrid metal matrix composites using Taguchi’s techniques, Journal of Minerals & Materials
Characterization & Engineering, 10, 5, (2011), pp. 427-443.

Page | 122 Copyright @ 2022 Authors



Dogo Rangsang Research Journal UGC Care Group | Journal
ISSN : 2347-7180 Vol-12 Issue-11 No. 02, December 2022

15.

16.

17.

18.

19.
20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

L. Yuan, J. Han, J. Liu, and Z. Jiang, Mechanical properties and tribological behavior of aluminum matrix
composites reinforced with in-situ AIB2 particles, Tribology International, 98, (2016) pp. 41-47.

Chung D.D.L, “Applications of composite materials” Composite Materials. Engineering Materials and
Processes-Springer, 978, 1, (2003), pp. 1-13

K. Manigandan, T. S. Srivatsan, and T. Quick, “Influence of silicon carbide particulates on tensile fracture
behavior of an aluminum alloy”, Materials Science and Engineering: A, 534, (2012) pp. 711-715.

A. Mortensen and J. Llorca, Metal Matrix Composites, Annual Review of Materials Research, 40, (2010)
pp. 243-270.

S. B. Singh, Metal Matrix Composite: A Potent Material for Futuristic Automotive, 2003.

N. R. Bandyopadhyay, S. Ghosh, and A. Basumallick, New Generation Metal Matrix Composites, Materials
and Manufacturing Processes, 22, (2007) pp. 679-682.

R.M. Wang, S.-R. Zheng, and Y.-P. Zheng, Introduction to polymer matrix composites, (2011), pp. 1-548.

K.-Y. Lee, Y. Aitomaki, L. A. Berglund, K. Oksman, and A. Bismarck, On the use of nano-cellulose as
reinforcement in polymer matrix composites, Composites Science and Technology, 105, (2014), pp. 15-27.

Walter Krenkel, and Nico Langof, “Ceramic matrix composites for high performance friction applications”,
Proceedings of the 4™ Advanced Ceramics and Applications Conference, 7, 2, (2017), pp. 13-28.

C. Cluzel, E. Baranger, P. Ladevéze, and A. Mouret, Mechanical behavior and lifetime modelling of self-
healing ceramic-matrix composites subjected to thermomechanical loading in ai r, Composites Part
A: Applied Science and Manufacturing, 40, (2009), pp. 976-984.

A. Atrian, G.H Majzoobi, M.H. Enayati, and H. Bakhtiari, “Mechanical and microstructural characterization
of Al7075/SiC nanocomposites fabricated by dynamic compaction”, International Journal of Minerals,
Metallurgy, and Materials, 21, 3, (2014), pp. 295-303.

A.A. El-Daly, M. Abdelhameed, M. Hashish, and Walid M. Daoush, “Fabrication of silicon carbide
reinforced aluminum matrix nanocomposites and characterization of its mechanical properties using non-
destructive technique”, Material Science and Engineering: A, 559, (2013), pp. 384-393.

Rongzhi Li, “Effect of flake distribution on elastic properties of flake composites”, Journal of Composite
Materials, 35, 17. (2001), pp. 1529-1552.

Serge Abrate, “Impact on Laminated composite materials”, Applied Mechanics Reviews, 44, (1991).

G.B. Veeresh Kumar, C.S.P. Rao, N. Selvaraj , and M.S. Bhagyashekar, “Studies on Al6061-SiC and
Al7075-Al;,03 Metal Matrix Composites”, Journal of Minerals & Materials Characterization & Engineering,
9,1, (2010), pp. 43-55.

N. Chawla, J. J. Williams, and R. Saha, “Mechanical behavior and microstructure characterization of sinter-
forged SiC particle reinforced aluminum matrix composites”, Journal of Light Metals, 2, (2002) pp. 215-
227.

A. Mazahery and M. O. Shabani, Characterization of cast A356 alloy reinforced with nano SiC composites,
Transactions of Nonferrous Metals Society of China, 22, (2012, pp. 275-280.

A.A. Adebisi, M.A. Maleque, and M.M. Rahman, “Metal matrix composite brake rotor: Historical
development and product life cycle analysis”, International Journal of Automotive and Mechanical
Engineering, 4, (2011), pp. 471-480.

P.Subramanya Reddy, R. Kesavan, B. Vijaya Ramnath, “Investigation of Mechanical properties of
Aluminum 6061-Silicon carbide, Boron carbide metal matrix composites”, Silicon, (2017).

Holley. R. “The Great Metal Tube in the sky. Metal Strategies, Innovative Applications in Architecture,
(2013).

Muhammad Rashad, Fusheng Pan, Huanhuan Hu, Muhammad Asif, Shahid Hussain, and Jia She,
“Magnesium matrix composite reinforced with graphene nanoplatelets”, Materials Science & Engineering
A, (2015).

Page | 123 Copyright @ 2022 Authors



