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Effect of Mechanical and Tribological properties on
Aluminium - Graphene reinforced composites

Abstract  :  In recent years, the utilization of Metal Matrix Composites has increased in various areas of science 

and technology, due to their special physical, mechanical, and wear properties. Of all the Metal Matrix Composites, 

aluminium-based composites particularly are finding a lot of scope, due to their excellent high strength to weight 

ratio, high stiffness, higher thermal conductivity as well as corrosion, and wear resistance properties. Therefore, 

aluminium based composites have the potential to replace the conventional materials in the field of automobile, 

aerospace, construction, house-hold appliances, and food packaging industries. In the past decades, various 

materials have been used as reinforcements to fabricate aluminium composites, such as alumina oxide, silicon 

carbide, titanium carbide, Graphene, Red mud, tungsten carbide, and titanium di boride, etc.,.

The main objective of this study is to develop Graphene reinforced aluminium composites using Stir casting, Squeeze 

casting and the Powder metallurgy process.

The aluminium of 2024 selected as a metal matrix composite with graphene as reinforced material. 0.25%, 0.5%, 

0.75%, 1% of graphene will be added to the metal to form composite was synthesized to investigate the effects of 

graphene dispersion by Stir casting / Squeeze casting technique.

This AMMC's can be fabricated in Stir casting/Squeeze casting set up with little effort and at low cost. The prepared 

composites are characterized by the mechanical properties, structural properties and tribological properties on 

graphene.

Keywords : Aluminium alloy, Nano Graphene, Ultimate Tensile Strength, Yield Strength, Hardness, Stir casting, 

wear rate.

INTRODUCTION

Composite materials are playing vital and major role in research and development of various engineering and 

aeronautical sectors. In the past three decades composite materials are replaced most of the traditional materials 

because of obtaining superior properties such as higher specific strength, high hardness, high wear resistance, high 

thermal resistance and low density. For obtaining best result of mechanical properties specifically aluminium metal 

matrix composites have preferred in aeronautics, marine and automotive industries. Composite materials are 

manufactured through solid and liquid method. In the liquid metallurgy route following methods are preferred such 

as stir casting method, electromagnetic stir casting method, centrifugal cast and in-situ method.
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Composite materials are classified into based on matrix material such as if matrix material is polymer it is called as 

polymer matrix composite (PMC), if matrix material is metal it is called as metal matrix composite (MMC) and if the 

matrix material is ceramic it is called as ceramic matrix composite (CMC).

Aluminium alloys are common lightweight materials that are known to have good thermal conductivity. However, 

the thermal conductivity of aluminium alloys may not be high enough for use in the manufacture of compact heat 

exchangers for specific applications including fuel cells. One method to enhance the thermal conductivity of 

aluminium alloys while maintaining their light weight is fabricating metal matrix composites (MMC) using 

materials with extremely high thermal conductivity as reinforcement.

Composite materials are gaining wide spread acceptance, due to their characteristic behaviour and high strength-to 

weight ratio. Of these Aluminium metal matrix composites are finding increased applications, because of their 

improved mechanical and Tribological properties. The fabrication techniques of MMC's play a major role in the 

improvement of the mechanical and Tribological properties.

Metal matrix may be aluminium and its alloys, Copper and its alloys, titanium and its alloys, magnesium and its 

alloys and Nickel based super alloys etc. They're appropriate where the working temperatures are very harsh or high.

Aluminium2024 Metal matrix composites(MMC's) have seen significant research by reinforcing various ceramic 

material ,heat treatment and various manufacturing processes ,various process parameters for improving the 

mechanical, thermal and corrosion related properties. Aluminium 2024 MMC's utilize ceramics like Al2O3, TiB2, 

TiO2,SiC, Tic, B4C,Graphite powder ,Carbon Nano particles ,E-glass fibres, Fly ash ,Red mud with individual and 

multiple particulate reinforcements like Hybrid Metal matrix composites Al2024 MMC's reinforced in various Wt. 

% and various particle size.

Al2024 metal matrix composites shows various benefits over monolithic materials including high strength to weight 

ratio, higher specific strength, and corrosion resistance, good wear resistance, higher thermal conductivity, lower 

coefficient of thermal expansion. Al 2024 reinforced composite finding increased applications in aerospace, 

automobile, space, underwater, and transportation applications.

The particle that is the particulate was reinforced with injection process into liquid matrix through liquid metallurgy 

route by die casting process. Die casting process is preferred because of less expensive and fit for mass production 

process. Among the entire liquid state production processes, stir casting is the simple and economical one.

To overcome this issue of metal can be alloyed with other metals to obtaining superior mechanical and thermal 

properties. Most of the aluminium available in the market, manufacturers has been alloyed with at least one other 

element. The typical alloying elements are copper manganese, magnesium, tin and zinc. There are two principal 

classifications, namely casting alloys and wrought alloys, both of which are further sub divided into the categories 

heat treatable and non-heat-treatable.
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Graphene, which was experimentally demonstrated in 2004, is a basic building block for various graphitic materials 

including zero dimensional fullerenes (C60), one-dimensional carbon nanotubes (CNT), and three-dimensional 

graphite. Graphene shows excellent thermal conductivity (~5.30×103 W/mK),2 charge carrier mobility (~2×105 

cm2/ Vs), 3 intrinsic strength (~130 GPa), Young's modulus (~1.0 TPa),4 and surface area (~ 2600 m2/g).5 Due to its 

excellent thermal conductivity, graphene is a good candidate for the reinforcement of an aluminium matrix to 

enhance the thermal conductivity.

This paper guides the engineers towards proper selection of materials by their properties in the relevant field and 

different techniques involved in manufacturing of metal matrix composites, particularly Liquid metallurgy 

technique like Stir casting processes, Preparation of AMC using aluminium 2024 as matrix form and Graphene as 

reinforcements by varying proportion.

Various manufacturing methods, mostly based on casting or powder metallurgy are available to fabricate Nano-size 

(or micro-size) particle/metal composites. However, uniform dispersion of Nano-size particles in molten metal can 

be extremely difficult. Also, micro-level porosity, a common casting defect, can be detrimental to fabrication of 

micro-level geometry, for example, micro-channels in a heat exchanger. While techniques based on powder 

metallurgy are effective for successful fabrication of MMC, the fabrication process is generally quite time-

consuming and may not be cost-effective for fabrication of bulk composites.

Among the available casting techniques, stir casting has the following major advantages:

(i)     The parts produced are without gas porosity or shrinkage porosity;

(ii)    Feeders or risers are not required, and therefore no metal wastage occurs;

(iii)   Alloy fluidity (cast ability) is not critical in stir casting, as both common casting alloys and wrought 
alloys can be squeeze cast to finished shape with the aid of pressure, and

(iv)  Stir castings can have mechanical properties as good as wrought products of the same composition

Stir casting is an attractive processing method for producing Aluminium MMC's as they exhibit better mechanical 

properties due to the presence of fewer common defects such as porosity and shrinking cavities, and the elimination 

of segregation of the reinforcement. Stir casting employs low die filling velocity, with minimum turbulence and 

high-applied pressure, to produce good quality products. There are two different forms of stir casting, i.e., direct SC 

and indirect SC. In the direct stir casting process, the pressure is applied on the entire surface of the liquid metal 

during solidification by a punch, which produces castings of full density.

In the indirect stir casting process, the metal is injected into the die cavity by a small diameter piston. In the casting of 

metal matrix composites, the dispersion of the reinforcement particles within the matrix plays an important role in 

achieving the desired properties in the material. The wettability of the reinforcement particles in molten metal is 

improved by applying high pressures during casting.
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In the present study, graphene/Al MMC is fabricated by Stir casting in order to take advantage of the extremely high 

thermal conductivity of graphene while maintaining a lightweight aluminium matrix. It involves the mechanical and 

tribological properties of stir cast aluminium matrix composites containing single and multiple reinforcement. The 

thermal conductivity and the mechanical property under quasi-static tensile loads of the graphene/Al MMC are 

evaluated. Addition of a graphene to aluminium has shown an increase in its mechanical and Tribological properties.

OBJECTIVES

1.   To prepare the metal matrix composite by varying reinforcement particles (0.25%, 0.5%, 0.75%, 1%) by using 

liquid metallurgy technique.

2.   To characterize the structural properties of the prepared composites by SEM technique.

3.   To characterize the prepared composite for their mechanical properties such as tensile test, hardness test and 

impact strength as per ASTM standards.

4.   To characterize the tribological properties of the prepared composite by using Pin on disc wear test equipment.

PREVIOUS WORK

Chi  Hoon Jeon,  Et  Al  ,  “Material  properties  of  graphene/aluminium  metal  matrix composites fabricated by 

friction stir processing”, Volume:15, 5th June-2015, has done that Graphene/aluminium metal matrix composites 

with enhanced thermal conductivity fabricated by friction stir processing. In fabrication of the MMC, graphene 

reinforcement is applied in the form of a graphene oxide (GO)/water colloid for safer and simpler processing. The 

thermal conductivity of the graphene/ aluminium MMC is measured to increase by more than 15% in comparison 

with that of the aluminium matrix. FSP and graphene reinforcement both improve the ductility of the fabricated 

MMC.

B.Sai Jagadish, Et Al, “Synthesis and characterization of aluminium2024 and graphene metal matrix composites by 

powder metallurgy”, Volume: 2, 7thJuly -2015? , involve the development of metal matrix composite materials by 

combining the desirable attributes of metals and reinforcements. Here aluminium of 2024 issued as metal matrix 

composite with graphene as reinforced material. 0.25%, 0.5%, 0.75%, 1% of graphene are added to the metal to form 

composite.

Pulkit Garg, Pallav Gupta, Devendra Kumar And Om Prakash, et al “Structural and mechanical properties of 

graphene reinforced aluminium matrix composites”, 20-feb-2016 studied that effect of sintering temperature on 

structural and mechanical properties of graphene reinforced aluminium matrix composites has been investigated. 

Addition of graphene as reinforcement in aluminium matrix increases the strength of aluminium. 

Strength of the composite increases with increase in the percentage of graphene. The aim of this paper is to study 

effect of sintering temperature on density, phase, microstructure, hardness and compressive strength of graphene 

reinforced aluminium matrix composites containing 0.1 wt. %, 0.3 wt. % and 0.5 wt. % of graphene respectively.
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A Baradeswaran & A. Elaya Perumalhor,et al, “Effect of graphite on Tribological and mechanical properties of al 

7075 composites”,18-aug -2014, has shown that the materials were fabricated by a liquid casting technique. 

Composites with 5–20 wt. % graphite particles were processed. The hardness of the composites is measured using a 

Brinell hardness tester and their tensile strength is measured using a universal testing machine.

Lokesh K S,ChethanIc, Naveen Kumar Kr, Vinayaka Kannantha, et al, “Determination of compressive strength of 

graphene reinforced with aluminium-7075 metal matrix composites”, Volume: 9, 1- Jan -2018? , has concluded that 

the Graphene is added to aluminium matrix with 0.5%, 1%, 1.5%, and 2.0% by weight of the matrix. The aluminium 

powder used here is 7075 grade which the aluminium powder used here is meant for aerospace structure to retain as 

better matrix material.

T.W. Clyne and P.J. Withers et al., “An Introduction to Metal Matrix Composites”, Volume 4, Issue 9, September-

2013 Structurally, MMCs consist of continuous or discontinuous fibers, whiskers, or particles in an alloy matrix 

which reinforce the matrix or provide it with requisite properties not achievable in monolithic alloy.

S.V. Prasad and R. Asthana et al “Aluminium Metal-Matrix Composites for Automotive Applications: Tribological 

Considerations”, Volume 4, Issue 9, September-2013, has explained the quest for improved performance has 

resulted in a number of developments in the area of MMC fabrication technology .These includes both the 

preparation of the reinforcing phases and the development of fabrication techniques. A number of composite 

fabrication techniques have been developed that can be placed into four broad categories. These are powder 

metallurgical techniques, liquid metallurgy. The liquid metallurgy techniques include unidirectional solidifications 

to produce directionally aligned MMCs, suspension of reinforcement in melts followed by solidification, compo 

casting, squeeze casting, spray casting, and pressure infiltration. The liquid metallurgy techniques are the least 

expensive of all, and the multi-step diffusion bonding techniques may be the most expensive.

B.C.Pai, P.K.Rohatgi, S.Venkatesh et al “Wear resistance of cast graphitic aluminium alloys” has shown that that the 

Wear rates of several cast aluminium base alloys have been measured for lubricated rubbing against a rotating 

hardened steel disk. Wear rates of cast graphitic aluminium-silicon-nickel alloys were lower than those of pure Al, 

Al-Si and Al-Si-Ni alloys especially above pressures of 0.02 kg/mm2. The high wear resistance is attributed to the 

presence of graphite particles in the matrix which act as a solid lubricant. Additions of nickel alone to Al-Si alloys 

decrease the wear resistance. Graphitic aluminium-silicon-nickel alloys containing above 2% graphite can be mated 

unlubricated against the rotating steel disk after a one minute lubricated run-in period.
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CURRENT WORK

BASE METAL

The base metal used in this project work is aluminium 2024. 2024 aluminium alloy is an aluminium alloy, with zinc 

as the primary alloying element. It is strong, with strength comparable to many steels, and has good fatigue strength 

and average machinability. It has lower resistance to corrosion than many other aluminium alloys, but has 

significantly better corrosion resistance than the 2000 alloys. Its relatively high cost limits its use.

2024 aluminium alloy's composition roughly includes 0.25% zinc, 1.2–1.8% magnesium, 3.8–4.9% copper, and less 

than a half percent of silicon, iron, manganese, titanium, chromium, and other metals. It is produced in many 

tempers, some of which are 2024-0, 2024-T6, 2024-T651.

Aluminium 2024 is the major alloy in 2000 Series and Zinc is the major alloying element in this series. Aluminium 

2024 possesses high static strength and is used in airframe structures and for highly stressed parts. Aluminium 2024 

is available in several types of tempers such as T6, T651, T73, T7351 and T76.

The materials used in the present study were Aluminium alloy 2024 (Al2024) which served as matrix and graphene 

powder which was used as reinforcement. The composition of Al 2024 is shown in table.

REINFORCEMENT

Graphene Nano-Powder is the reinforcement used. Generally metal matrix composites use three types of 

reinforcements: particulate, fibrous, and continuous. Particulate reinforcements consist of powders such as silicon 

carbide that are used in metal matrices. Fibrous reinforcements include silicon carbide fibres dispersed in an 

aluminium alloy matrix. Continuous reinforcements include filament-wound, carbon fibre, magnesium composites, 

or woven carbon fibre cloth reinforced aluminium alloys. Here this reinforcement comes under particulate 

reinforcement.

   
·  Graphene is an allotrope of carbon that exists as a two-dimensional planar sheet.
   

·  One way to think of graphene is as a single atomic graphite layer
   

·  Graphene is technically a non-metal but is often referred to as a quasi-metal due to its properties being like that of 

a semi-conducting metal.

Graphene is selected because of its unique property i.e., this is the only form of carbon (or solid material) where every 

atom is available for chemical reaction from two sides thus resulting in ease of combining with it matrix and also in 

general improvement of mechanical tensile strength.

ELEMENTS
 

Zn  Cu  Mn  Mg  Fe  Cr  Si  Ti
Wt %

 

0.25  3.8-4.9  0.3-0.9  1.2-1.8  0.50  0.10  0.50 0.15
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PROPERTIES OF GRAPHENE

Important physical & Mechanical properties of Graphene are:

Table : Properties of Graphene

The carbon–carbon bond length in graphene is about 0.142 nanometer. Graphene is the strongest material ever 

tested, with an intrinsic tensile strength of 130.5GPa and a Young's modulus of 1 TPa (150000000 psi).The Nobel 

announcement gave the strength as 42 N/m; the mass of 1 m2 as 0.77 mg, and the electrical resistance of a square as 

31 Ù.

Despite its strength, graphene is also relatively brittle, with a fracture toughness of about 4 MPa√m. This indicates 

that imperfect graphene is likely to crack in a brittle manner like ceramic materials, as opposed to many metallic 

materials that have fracture toughness's in the range of 15–50 MPa√m.

METHODOLOGY

Property Graphene  Ref  
   

Electron Mobility
 

1500 cm2 V-1 s-1
 

14
 

  Resistivity 10-6Ù-cm

 
14

 
  

Thermal conductivity

 

5.3

 

×103 Wm-1K-1

 

14

 
  

Transmittance

 

>95% for 2nm thick film

 

15

 

>70% for 10nm thick film

  
  

Elastic modulus

 

0.5 ?

 

1 Tpa

 

15

 
  

Coefficient of thermal expansion

 

-6×10-4/K

 

15

 
  

Specific surface area 2630m2 g-1 16

Tensile strength 130 GPa 16
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Selection of base metal (Aluminium 2024alloy)

Aluminium alloys have strong corrosion resistance. At sub-zero temperatures, their strength increases, thus making 

them a useful low- temperature alloy. Their strength decreases if they are subjected to very high temperatures. The 

aluminium 2024 alloy has high strength. Aluminium 2024 alloy can be machined in the annealed condition. Oil 

lubricants are used for performing machining operations. An aluminium 2024 alloy is forged at 372 to 483°C (700 to 

900°F).

Aluminium 2024 alloy can be cold worked using conventional methods in soft and annealed condition Aluminium 

2024 alloy is annealed at 413°C (775°F) for 3h followed by controlled cooling at 10 to 260° C (50 to 500°F) per hour, 

and cooling in air Aluminum 2024 alloy can be aged at 122°C (250°F) for 24 h to obtain the T 6 temper. The T 73 

temper can be heated at 108°C (225°F) for 8h and at 163°C (325°F) for 24h followed by air cooling. Aluminum 2024 

alloy can be hardened by precipitation heat treatment. Aluminum 2024 alloy is mainly used in manufacturing 

aircraft and other aerospace application.

Selection of reinforcement with proper % (Graphene)

Graphene powder, flakes, ribbons, and sheets, Graphene research involves the study of several different physical 

forms of the material: powders, flakes, ribbons, and sheets and others not yet named or imagined. Within those 

forms, graphene can include a single layer, two layers, or ≤10 sheets of sp² carbon atoms. They made graphene by 

using pieces of sticky tape to pull off flakes of graphite, then folding the tape and pulling it apart to cleave the 

graphite into even smaller layers.
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Graphene is the strongest material known to man. It is over 200 times stronger than steel. The strength of graphene 

could be used in composites and coatings for applications in areas such as aerospace and automotive industries. 

Potential graphene applications include lightweight, thin, flexible, yet durable display screens, electric/photonics 

circuits, solar cells, and various medical, chemical and industrial processes enhanced or enabled by the use of new 

graphene materials.

Preparation of MMC's Via Liquid Metallurgy Route

To prepare the metal matrix composite by varying reinforcement particles (0.25%, 0.5%, 0.75%, 1%) by using liquid 

metallurgy technique. A solution containing metal ions loaded with reinforcing particles is co-deposited forming a 

composite material. Discontinuous reinforcement is stirred into molten metal, which is allowed to solidify. 

Discontinuous reinforcement is stirred into molten metal, which is allowed to solidify. A chemical reaction occurs, 

with one of the reactants forming the matrix and the other the reinforcement. The aluminium of 2024 selected as a 

metal matrix composite with graphene as reinforced material. 0.25%, 0.5%, 0.75%, 1% of graphene will be added to 

the metal to form composite was synthesized to investigate the effects of graphene dispersion by Stir casting.

This AMMC's can be fabricated in stir casting or squeeze casting set up with little effort and at low cost. The prepared 

composites are characterized by the mechanical properties, structural properties. A solution containing metal ions 

loaded with reinforcing particles is co-deposited forming a composite material. Discontinuous reinforcement is 

stirred into molten metal, which is allowed to solidify. Discontinuous reinforcement is stirred into molten metal, 

which is allowed to solidify. This AMMC's can be fabricated in stir casting or squeeze casting set up with little effort 

and at low cost.

Table : Composition of specimens

Specimen
 

Al2024 (gm ) Graphene (gm ) Graphene (Wt. %)  
    

A 1500
 

0 0  
B 1500

 
3.75

 
0.25

  C 1500
 

7.5
 

0.50
  D 1500

 
11.25
 

0.75
  E 1500 15 1.0

Casting part of Aluminium-Graphene reinforced composites
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Characterization of MMC's

MMC's is characterized in two ways.

1.   Structural characterization.

2.   Mechanical characterization.

3.   Tribological characterization.

VARIOUS TESTS CONDUCTED

The following tests were conducted to assess the properties of the composites produced:
 

·  Microstructure test-Scanning Electron Microscopic Test
 

·  Tensile test- to determine tensile strength
 

·  Hardness test-to determines the hardness of the prepared specimen by using Brinell' hardness test.
 

·  Impact test- to determine the strength of the specimen by using IZOD test.
 

·  Wear test- to determine wear on the prepared specimens by using pin on disc wearing test machine.

icro structural characterization studies were conducted on unreinforced and reinforced samples. This is �

accomplished by using scanning electron microscope. The composite samples were metallographic ally polished 

prior to examination. Characterization is dne in etched conditions. Etching was accomplished using Keller=s 

reagent. The SEM micrographs of composite and wear debris were obtained using the scanning electron microscope.

The images were taken in both secondary electron (SE) and back scattered electron (BSE) mode according to 

requirement. Microscopic studies to examine the morphology, particle size and micro structure were done by a 

scanning electron microscope (SEM). Micrographs are taken at suitable accelerating voltages for the best possible 

resolution using the secondary electron imaging.

SCANNING ELECTRON MICROSCOPY (SEM)

Scanning Electron Microscope (SEM) also known as SEM analysis or SEM microscope is effectively used in 

microstructure analysis of composite materials. Scanning electron microscope carried out at high magnifications 

which generates high-pixel images and accurately measures very small features. Sample preparation plays an 

important and vital role in getting accurate results for the microscope analysis. For analyzing microstructure, the 

specimens were polished using emery papers with different grit sizes. Grit paper of 200 -1500 grit is used for 

finishing the specimen surface followed by polishing and etched with Keller's reagent. SEM is carried out using field 

emission scanning electron microscope brand name as ZEISS. The scanning electron microscope (SEM) is used to 

view at particular place and check the microstructure of the prepared sample.

MICRO STRUCTURAL CHARACTERIZATION
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SEM produces the image when electrons in microscope contact with the surface of the sample it collides with the 

atoms and that contains the surface topography and composition. The electron beam is generally scanned in a raster 

scan pattern and the beam's position is combined with the detected signal to produce an image. SEM can achieve 

better resolution. SEM analysis will be carried out for three different samples Fig.5.1 to 5.4shows the 

microstructures of fabricated Al2024 alloy matrix as well as Al2024 alloy matrix reinforced graphene with various 

weight fractions.

Microstructure of cast Al2024 alloy matrix presented in different figures which reveals that the formation of a 

aluminum dendritic network structure which is formed due to the super cooling of composite during solidification. 

The surfaces of the composites specimens are examined directly by scanning electron microscope. The specimens 

sample are well cleaned thoroughly using acetone prior to observed under SEM. Samples are mounted on stubs are 

examined. The favorable sites for graphene particle incorporation were identified by SEM method.

The above figures clearly show a morphological change in the microstructure of the specimen. In the base matrix 

sample the microstructure is dendritic whereas in the other stir cast samples the primary dendrites are fragmented 

due to mechanical stirring and graphene weight fractions. However, with the continued stirring the plastic strains 

within the fragmented grains would be considerably less and the process of coarsening will generate. Since the 

coarsening is driven by interfacial energy, the process will lead to a reduction in the surface area and eventually 

spheroidal morphology was obtained. The microstructure observations well support the results of the mechanical 

properties of the alloys reinforced with nano particles using mechanical stirring.
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Figure : Scanning Electron Microscope Image of
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Figure : Scanning Electron Microscope Image of
A1-2024+1%graphene

Figure : Scanning Electron Microscope Image of
A1-2024+0.5%graphene



MECHANICAL CHARACTERIZATION

TENSILE TEST

The tensile test is one of the most widely used of the mechanical tests. The tensile tests were carried out according to 

the ASTM E8 standard by universal testing machine to determine the amount of tensile strength to withstand during 

fracture. A tensile test of a material is performed on ductile materials to determine tensile properties such as:

· Initial diameter  in mm  

· Diameter at fracture  in mm  

·
 

Initial area of cross section
 
in mm2

·
 

Final area of cross section
 

in mm2
 

·
 

Initial length
 

in mm
  

·

 

Final length

 
in mm

  
·

 

% elongation = (

 

)/ x 100

 ·

 

% reduction = (

 

)/

 

x 100

 
 

·

· 

 

Yield strength -

 

YS= YP/ Ao

 
 

Ultimate tensile strength UTS= UL/Ao.

Specification of a tensile specimen for machining

1)   Limit of proportionality

2)   Yield point

3)   Maximum tensile strength

4)   Breaking strength

5)   Percentage elongation

6)   Percentage reduction in area

Specimen calculations : -

54 ANUSANDHANA - Journal of Science, Engineering and Management, Vol-07, Issue - 01, June 2019



Tensile specimen before fracture Tensile specimen after fracture

The following are the tensile test values for aluminium 2024 reinforced with graphene

Comparison of ultimate Tensile strength to Yield strength

Composition  UTS in MPa  YTS in MPa  %Elongation 
   

 

Al+0%gpn  179.443  157.075  1.94  
    

Al+0.25%gpn
 

183.392
 

161.337
 

1.98
    

    Al+0.5%gpn

 
187.404

 
167.662

 
2.10

 
    Al+0.75%gpn

 

191.721

 
173.206

 
2.50

 
   

    

Al+1%gpn 196.340 179.343 2.74

Ultimate tensile strength with different variations of graphene reinforced

From the above figure we can conclude that ultimate tensile strength is increased with 1.0% graphene reinforced with 

Aluminium 2024. So it is a better composition for improvement in the mechanical properties referred from the table.

HARDNESS TEST

The hardness tests were conducted by Brinell hardness tester in accordance to the ASTM E8standard with the ball 

indenter diameter 10mm, load applied 500 kg and 30 seconds. The test were carried out in the room temperature 

atmosphere in the range of 30 to 32°C and measurements of hardness were obtained from five different places on 

each sample then considered as average hardness value.
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Specimens for Hardness test Indent Specimens

Graph showing the Hardness value of BHN for different % of graphene reinforced with Al2024

From the calculation and graphs, it is clear that there is increases in the hardness of the aluminium – graphene metal 

matrix composites. So, as the percentage of graphene reinforcement increases the hardness of the composites also 

increases and this is useful for aerospace application and automobile industries.

WEAR TEST

For the pin-on-disk wear test, two specimens are required. One, a pin with a radius used tip, is positioned 

perpendicular to the other, usually a flat circular disk. A ball, rigidly held, is often used as the pin specimen. The test 

machine causes either the disk specimen or the pin specimen to revolve about the disk centre. In either case, the 

sliding path is a circle on the disk surface. The plane of the disk may be oriented either horizontally or vertically.
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Length on pin on disc= 30 mm

Diameter on pin on disc= 8mm

Weight loss = Initial weight – Final weight

Wear rate = weight loss / sliding distance

Sliding distance = ðDNT / 1000

Specimens before wear test

Graph showing the Hardness value of wear for different % of graphene reinforce with Al2024.
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Impact Test

Impact tests are used in studying the toughness of material. A material's toughness is a factor of its ability to absorb 

energy during plastic deformation. Brittle materials have low toughness as a result of the small amount of plastic 

deformation that they can endure. The impact value of a material can also change with temperature. Generally, at 

lower temperatures, the impact energy of a material is decreased. The size of the specimen may also affect the value 

of the Izod impact test because it may allow a different number of imperfections in the material, which can act as 

stress risers and lower the impact energy.

Izod impact test as per ASTM standard method of determining the impact resistance of materials. A pivoting arm is 

raised to a specific height (constant potential energy) and then released. The arm swings down hitting a notched 

sample, breaking the specimen. The energy absorbed by the sample is calculated from the height the arm swings to 

after hitting the sample. A notched sample is generally used to determine impact energy and notch sensitivity.

Breadth of Specimen = 10mm

Depth of Specimen = 8.4mm

Length of Specimen = 100mm

Table 6.9: Tabular column of Impact Test    

Breadth
 

Depth C/s Area Initial Final
 

Energy 
Impact  

 
Graphene(%) below

 
of Notch

 
reading

 
reading
 

absorbed
 

 
(mm)

 
strength

 
 Notch(mm)

 

D*d(mm)

 

(R1)

 

(R2)

 

(joules)

 
 

         0% 10

 
8.4

 
84

 
3

 
1

 
2

 
0.02380

  
       

0.25% 10

 

8.4

 

84

 

2.5

 

1

 

1.5

 

0.01785

  
       

0.5% 10

 

8.4

 

84

 

2.4

 

1

 

1.4

 

0.01666

  
       

0.75% 10 8.4 84 2.1 1 1.2 0.01428

0.1% 10 8.4 84 1.8 1 1 0.01190

Impact test Specimen
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Graph showing the Impact values for different % of graphene reinforcement

CONCLUSION

From this project work, the following results were obtained quantitatively.

1.   Defect free aluminium metal matrix reinforced with graphene was produced by stir casting method. No 
porosity noticed in the samples.

2. The SEM micrographs revealed that the presence of graphene weight fraction obtained homogeneous 
dispersion.

3. The reinforcement of graphene particles made the tensile strength of aluminium matrix composites from 
270.14 to 329.34MPa. It means that it increased 60% of base material.

4. Graphene 1.0% reinforced with Al2024 composites hardness value maintaining optimum value.

5. The wear loss of the Al/Gr composite decreases and the worn surfaces look smoother with increasing the 
graphite particle size.

6. The wear rate of Al/Gr composites initially decrease slightly by increasing sliding speed and after a critical 
speed, wear rate changes dramatically.
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