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Abstract: 

The composites were made using powder metallurgy and different proportions of graphene and SiC particles. 

On the samples, measurements of hardness were also taken..The hardness result demonstrates that as the 

weight % of SiC/ graphene particles enhance' hardness of samples.The objective of this scientific study is to 

examine the wear and friction behavior of hybrid composites treated with Al 6061 alloy and reinforced with 

graphite particles throughout a range of time periods.  
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In order to meet customer needs, more affordable 

and dependable engineering materials are in high 

demand as technology advances quickly in the 

engineering business. The aluminum 6061 alloy 

shows promise in the structural and functional 

domains due to its moderate strength to weight 

ratio, superior corrosion resistance, acceptable 

mechanical characteristics, and simplicity in heat 

treatment.. These days, a lot of researchers 

employ metal matrix composites to balance the 

corrosion, tribological, and mechanical behaviour 

of aluminium 6061 alloys under particular 

environmental circumstances. Higher engineering 

qualities inside the composites were made 

possible by the single, double, and hybrid 

reinforcements [1-3]. Depending on the type of 

reinforcement used, composites can reduce 

weight by 15–40% in addition to possessing other 

desirable qualities for applications of mechanical 

properties [4]. Although ductile metal alloys are 

the chosen matrix material, hard ceramic materials 

are used as reinforcing particles. 

A second phase in metal matrix composites 

(MMCs) acts as reinforcement for the metal matrix. 

Two typical forms of reinforcing phases are 

ceramic particles and fibres composed of various 

materials, including carbon, ceramics, and other 

metals. Copper, magnesium, titanium, and 

aluminium (Al, Mg) (Cu) among others that are 

accessible. Because of its exceptional properties—

such as its low melting point, superior toughness, 

strong strength-to-weight ratio, and affordability 

aluminium is one of the preferred matrix material 

currently available [5]. Due to its favorable 

properties, aluminium is used more often than 

other matrices in the fabrication of composite 

materials. These properties can be modified by 

carefully considering the matrix, reinforcements, 

and processing methods [6-10]. The automotive, 

aerospace, and defense industries commonly 

employ AMCs, a form of lightweight material, 

because of their many mechanical features.  

SiC is a commonly utilized ceramic particle within 

the carbide nature category..It exhibits remarkable 

resistance against thermal shock and damage. At 

high temperatures, its mechanical behaviour is 

satisfactory. SiC is widely used in mechanical seals 

because of its resilience to chemicals and wear. SiC 

is a chemically manufactured material that is 

notable for its extraordinarily excellent resistance 

to abrasion and toughness. Compressor seals, 

valve parts, and wear-intensive components like 

wheels and retainer for the printing industry are 

among their frequently used applications.. Several 

researchers have examined how the uniform 

dispersion of SiC microns or nanoparticles in the 

aluminium matrix enhances the mechanical, 

physical, and interfacial characteristics [11-13]. 

The outstanding qualities of graphene, including 

its high mechanical strength and modulus, 

electrical and thermal conductivity, and optical 

transmittance, have garnered significant interest 

in recent years. Graphene a hexagonal lattice of 

carbon atoms arranged in two dimensions is the 

basic constituent of various allotropic forms of 

carbon, including graphite, fullerenes, diamonds, 

and carbon nanotubes [14-16]. The thinnest 

substance is called graphene, which is composed 

of only one layer of carbon atoms joined by an 

overlapping sp2 hybrid bond as the backbone. The 
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unusual features of graphene originate from the 

2p orbitals, which created sheet of carbons that 

forms graphene. 

There are several methods for preparing Al-matrix 

composites, including fraction powder metallurgy, 

stir casting, and mechanical alloying [17-19]. 

Because of the uniform distribution and 

refinement of reinforcement particles between Al 

matrix grains, mechanical milling is a crucial 

approach to manufacture AMCs with critical 

mechanical properties .This process is dependent 

on a number of factors, including the kind of mill, 

length of time, mass ratio of the ball to powder, 

machine speed, and process medium. In this work, 

powdered Al/SiC/graphene nanocomposite with 

varying graphene percentages are created by 

powder metallurgy method.  

2. Experimental Procedure: 

SiC and graphene incorporated in different weight 

percentages using AA 6061 via ball milling process.  

The powder metallurgy method was used to 

process Sample 1 (AA 6061), Sample 2 (2.5 wt% SiC 

and 2 wt% Graphene),  and  Sample 3 (3.5 wt% SiC 

3.wt% Graphene). The different weight 

percentages of AA6061/SiC/Graphene Hybrid 

Composites were obtained as a 1.5 cm diameter 

and 3 cm length rod. AA6061 is a matrix alloy 

supplemented with varying proportions of 

graphene and SiC. Throughout the experiment, the 

reinforcement particles were supplied gradually to 

provide a homogeneous distribution. The mixes 

were compressed at 400 MPa and sintered for an 

hour at 200 oC. Finally, by extruding the composite 

materials through a hydraulic extrusion mold that 

had been preheated, at the same temperature, 

the materials took the shape of metal blocks. Heat 

treatment was done to the composite materials 

after extrusion. After dissolving the composite 

materials for an hour at 500oC, they were quickly 

cooled in water. Following chilling, the samples are 

heated at a rate of 10°C per minute for eight hours, 

to a temperature of 180°C. 

3. Result and Discussions 

The EDS spectra of pure AA 6061aluminum and graphene-based AA 6061aluminum samples are displayed in 

Fig1.Sample compositions listed in Table 1 show that every sample has a good metal composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. EDS spectra pure AA 6061 aluminum and SiC/graphene-based AA 6061 aluminum samples. 
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Table 1.Metal compossitions of pure AA 6061aluminum and SiC/graphene-based AA 6061 aluminum 

samples. 

 

Investigations into the microstructure of the 

composites were conducted at different 

magnifications using an electron gun scanning 

electron microscope (SEM).The AA6061 alloy  

images show that the Al has an irregular shape 

with an average particle size of 1–5 µm, while the 

SiC/graphene added the shape of microstructure 

enhance shown sample 2 in Fig 2(b). Further 

increased SiC/graphene the shape increased in 

sample 3 shown in Fig 2(c).The structure growth 

increased by adding composites and synthesis 

parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Morphology of pure AA 6061 aluminum and SiC/graphene-based AA 6061 aluminum samples.  

 

Table 2 shows the pure AA 6061aluminum and 

SiC/graphene-based AA 6061aluminum samples. It 

has been discovered that dopant addition 

increases the hardness of the matrix. The impact 

of SiC and graphene weight percentage on 

hardness variation in the AA6061 alloy is 

demonstrated in Fig 3. It has been noted that the 

hardness of the matrix increased with the weight % 

of SiC and graphene in the matrix. There is a 

hardness of 93 for sample 3. Previous research 

also observed that reinforcements increased the 

hardness of the base materials [20-21].This 

observation demonstrated that grain refinement; 

most likely as a result of dynamic recrystallization 

[22]. Higher hardness properties were ultimately 

the consequence of this greater grain 

improvement. Additionally, every reinforcement 

particle's intrinsic characteristic was important. 

Samples Cu Cr Fe Mg Mn Si Ti Zn C Al 

Sample1 0.15 0.1 0.5 0.9 0.3 0.1 0.6 0.5 ND Remains 

Sample2 0.03 0.07 0.43 ND 0.21 1.01 ND ND 12.48 Remains 

Sample3 ND 0.12 0.10 ND ND 1.37 0.07 ND 10.95 Remains 

b 
a b 
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The varying percentages of SiC/graphene have 

extremely high hardness values. As a result, the AA 

6061 matrix's inclusion and dispersion of these 

particles have made up for the unreinforced 

material's hardness loss. Sample 3 had the 

greatest increase in hardness out of the three 

samples. This was explained by the reinforcement 

particle's exceptional hardness and uniform 

particle distribution, which improved the 

aluminum matrix's grain refinement. 

 

 

Table 2.Mechanical properties of pure AA 6061aluminum and Sic/graphene-based AA 6061aluminum 

samples. 

 

 

Have a significant impact on how the wear 

mechanism of a material is determined by its wear 

response [23]. Figure 4 shows how the Al6061 

alloy and composite Al6061/SiC/graphene react 

over time to specific wear loss at a constant 

temperature. Additionally, the results 

demonstrate that composites made from hybrid 

materials have a lower particular wear rate as 

basic alloys, which may be explained by the higher 

hardness of the hard ceramic particles. Particle 

hardening and hardening provide higher resistance 

to material release [23-25].Furthermore, it is 

discovered that for all hybrid composite 

compositions based on hardness value, the wear 

rate is reduced as the true area of contact—which 

is defined as the ratio of applied load to pin 

material hardness—decreases with increasing 

hardness. When taking into account the influence 

of load, specific wear rate falls as with time. One 

crucial metric that is also taken into consideration 

for this inquiry is the coefficient of friction (COF). 

The change of COF for samples in Table 2. The 

results show that, for practically all operating 

situations and compositions, the coefficient of 

friction increases decreases with the adding of  

particle

.   

Sample Compression 
Strength (MPa) 

Hardness 
(Shore A) 

Coefficient of 
Friction 

Salt Spray Corrosion 

 
Sample1 

 
4.90 

 
55 

 
0.58 

The given samples are subjected to salt spray 
corrosion test for 24 hours, found free from 
red rust formation 

 
Sample2 

4.10 90 0.45 

The given samples are subjected to salt spray 
corrosion test for 24 hours, found free from 
red rust formation. 

Sample3 

4.34 93 0.43 

The given samples are subjected to salt spray 
corrosion test for 24 hours, found free from 
red rust formation. 
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Fig 4. Wear loss of pure AA 6061 aluminum and SiC/graphene-based AA 6061 aluminum samples. 

 

How does the frictional force variation change for 

pure AA 6061 aluminum and SiC/graphene-based 

AA 6061 aluminum samples at varying time. 

Frictional force varies in magnitude from 3.0 to 6.5 

N. For the composites observed  5 hours, the 

frictional force fluctuation reaches its maximum. 

Frictional force values for the composites at 5 to 

6.5 N. The fact that the frictional force was smaller 

suggests that the composites had less wear. The 

abrasion of particles with low values may be the 

cause of this. Delamination causes a greater 

amount of material wear when there is a strong 

force of friction among the disc area and the pin 

[26]. This conclusion is consistent with the findings 

of Sahin and Acilar [27], They noted that a rise in 

composite wear loss was correlated with a rise in 

the amount of friction that exists between the 

surfaces in contact.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Frictional force of pure AA 6061 aluminum and SiC/graphene-based AA 6061 aluminum samples. 
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4.Conclusions 

This investigation evaluated the impacts of composite weight percentage on wear behavior and friction using 

powder metallurgy techniques to create Al 6061 hybrid metal matrix composites. A higher concentration of 

SiC/graphene particles in the composites boosts their wear resistance and, over time, their hardness. 

Increasing reinforcement has the dual effects of lowering the coefficient of friction and increasing wear 

resistance in metal matrix composites. A longer endurance time decreases the wear of composites and un 

reinforced alloys.  

 

 References 

[1] M. Bala Chennaiah, G. Dilli Babu, M. Sumalatha, K. Dillip Kumar, T.Srinivasa Rao,Tribological and 

Mechanical Properties of Al 6061/SiC/GO Hybrid Composites Produced with Stir Casting,ournal of Mines, 

Metals and Fuels,71(2023) 1262-1270; . DOI: 10.18311/jmmf/2023/354. 

[2] R. Vijayakumar, J. S. Srikantamurthy, Shanawaz Patil, S. Rudresha,A. Manjunatha, T. Hemanth Raju, A. 

Haiter Lenin,Optimization of Wear Process Parameters of Al6061-Zircon Composites Using Taguchi 

Method,Advances in Materials Science and Engineering, 2023, (2023) 

9507757.https://doi.org/10.1155/2023/950775 

[3]      S Gopinath , M Prince, G R Raghav,Enhancing the mechanical, wear and corrosion behaviour of stircasted 

aluminium 6061 hybrid composites through theincorporation of boron nitride and aluminium oxide 

particles,Mater. Res. Express 7 (2020) 016582.DOI 10.1088/2053-1591/ab6c1d. 

[4]    Alam, Mohammad Azad, Ya, Hamdan B., Azeem, Mohammad, Mustapha, Mazli, Yusuf, Mohammad, 

Masood, Faisal, Marode, Roshan Vijay, Sapuan, Salit Mohd and Ansari, Akhter Husain. "Advancements in 

aluminum matrix composites reinforced with carbides and graphene: A comprehensive review" 

Nanotechnology Reviews, 12,(2023) 0111.. 

   [5]   Alam MA, Ya HH, Azeem M, Yusuf M, Soomro IA, Masood F, Artificial neural network modeling to predict 

the effect of milling time and TiC content on the crystallite size and lattice strain of Al7075-TiC 

Composites fabricated by powder metallurgy. Crystals.12 (2022):372.  

  [6]  Shubham Sharma, Vikas Patyal, P. Sudhakara, Jujhar Singh, Michal Petru,R. A. Ilyas,Mechanical, 

morphological, and fracture deformation behavior of MWCNTs-reinforced (Al–Cu–Mg–T351) alloy cast 

nanocomposites fabricated by optimized mechanical milling and powder metallurgy 

techniques,Nanotechnology Reviews  11 (2022) 65–85. 

[7]      R.Ikram , B.Mohamed Jan , PB.Nagy , T.Szabo. Recycling waste sources into nanocomposites of graphene 

materials: Overview from an energy-focused perspective. Nanotechnol Rev. 12 (2023) 0512. 

[8]    M.Yunus, T.Alamro. Evaluation of wear and corrosion properties of FSWed aluminum alloy plates of 

AA2020-T4 with heat treatment under different aging periods. Rev Adv Mater Sci.;61(2022):687–97.  

[9]     W.S. Barakat, I.A Mohamed, Habba , A. Ibrahim, A. Fathy,A.Omayma. Elkady, The effect of Cu coated 

Al2O3 particle content and densification methods on the microstructure and mechanical properties of Al 

matrix composites,The Journal of Materials Research and Technology,24 (2023) 6908-6922. 

[10]    Khatkar SK. Hybrid magnesium matrix composites: A review of reinforcement philosophies, mechanical 

and tribological characteristics. Rev Adv Mater Sci. ;62 (2023): 0294. 

[11]   Almotairy SM, Alharthi NH, Alharbi HF, Abdo HS. Superior mechanical performance of inductively 

sintered Al/SiC nanocomposites processed by novel milling route. Sci Rep. 10 (2020):1–13.  

[12]   M.Saud Almotairy, H.Nabeel Alharthi, S.Hany Abdo,Regulating Mechanical Properties of Al/SiC by 

Utilizing Different Ball Milling Speeds,Crystals, 10 (2020) 332. 

[13]   Abdul Kalam Azad, Mohamed Fayas Saffiudeen, Abdullah Syed,T.Fasil,Fabrication of Al-6061/SiC Nano 

Composite Material Through Ultrasonic Cavitation Technique and Its Analysis,Jordan Journal of 

Mechanical and Industrial Engineering,17 (2023) 319-326. 

[14]   W.Zhang, S Zhou, W.Ren, Y.Yang, L. Shi, Q.Zhou, M.Liu,  Uniformly dispersing GNPs for fabricating 

graphene-reinforced pure Ti matrix composites with enhanced strength and ductility. Journal of Alloys 

and Compounds,888 (2021)161527.  



 
 

372 

 

Journal of Harbin Engineering University 
ISSN: 1006-7043 

Vol 45 No. 11 
November 2024 

[15]   Xin Yang, Lian Yang, Dezhi Zhu, Hao Wang, Tao Chen, Chenliang Chu,Zhenfei Jiang,Effect of graphene 

sheet diameter on the microstructure and properties of copper-plated graphene-reinforced 6061-

aluminum matrix composites,Journal of Materials Research and Technology 28 (2024) 3286–3296. 

[16]   Tarun Kumar Kotteda, Manoj Kumar, Pramod Kumar, Ajay Gupta,Sita Rama Raju Kalidindi,Mechanical 

and Metallurgical behaviour of Aluminum/graphene nanocomposites in Fuselage applications, Cogent 

Engineering, 11(2024) 2324030. 

[17]   Safae Ramadan, Mohammed A. Taha , Wafaa M. El-Meligy , Heba A. Saudi, Mahmoud F. 

Zawrah,Influence of Graphene Content on Sinterability and Physico-Mechanical Characteristics of 

Al/Graphene Composites Prepared via Powder Metallurgy, 13,(2023) 192. 

[18] Soheil Kiani, Seyyed Ehsan Mirsaleh,Friction stir additive manufacturing of B4C and graphene reinforced 

aluminum matrix hybrid nanocomposites using consumable pins,Journal of Materials Research and 

Technology 28 (2024) 1094–1110.   

[19] Mohammed A. Taha, Rasha A. Youness, Medhat A. Ibrahim,Evolution of the Physical, Mechanical and 

Electrical Properties of SiC-Reinforced Al 6061 Composites Prepared by Stir Cast Method,11, (2021), 

8946 - 8956. 

[20] B. Prakash, S. Sivananthan. Vijayan, Investigation on mechanical properties of Al6061 alloy Multiwall 

carbon nanotubes reinforced composites by powder metallurgy route. Materials Today: Proceedings,  

37 (2021)336-340. 

[21] J.S. Chelladurai, R. Arthanari, Prediction of hardness of stir cast LM13 aluminum alloy-copper        

 coated short steel fiber reinforced composites using response surface methodology,  Materialwiss. 

Werkstofftech , 51 (2020)  221–229. 

[22] T.E. Abioye , H. Zuhailawati, A.S. Anasyida, S.A. Yahaya, B.K. Dhindaw,Investigation of the microstructure, 

mechanical and wear properties of AA6061-T6 friction stir weldments with different particulate 

reinforcements addition,j m a t e r  r e s  t e c h n o l . ;8 (2019):3917–3928.  

[23] V. Amigo, JL.Ortiz ,MD.Salvador,Microstructure and mechanical behavior of 6061Al reinforced with 

silicon nitride particles, processed by powder metallurgy. Scr Mater 42 (2000) :383–388. 

[24]  Rrn.Rao,S Das,  Effect of matrix alloy and inuence of SiC particle on the sliding wear characteristics of  

aluminum alloy composites. Mater Des 31, (2010) 1200–1207. 

[25] R.K.Arya,R.Kumar,A.Telang,Influence of Microstructure on Tribological Behaviors of Al6061 Metal Matrix 

Composite Reinforced with Silicon Nitride (Si3N4) and Silicon Carbide (SiC) Micro Particles.Silicon 15 

(2023)3987–4001.  

[26] C. Velmurugan, R. Subramanian, S. Thirugnanam, B. Anandavel, "Investigation of friction and 

wearbehavior of hybrid aluminium composites", Industrial Lubrication and Tribology,  64 (2012) 152 - 

163. 

[27] Y.Sahin, M. Acilar,“Production and properties of SiC p-reinforced aluminium alloy composites”, 

Composite A, 34,  (2003) 709-718 


