
 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 52, Issue 5,  May : 2023 
[ 

 

UGC CARE Group-1,                                                                                                                 663 

TRIBOLOGICAL CHARACTERISTIC STUDY OF ALUMINIUM 5220 ALLOY WITH 

GRAPHITE  

AKASH MOHANDAS  19CEME001   Final year B.E Mechanical Engineering SNS College of                                                                                                                                                                               

Engineering Coimbatore 

GODWIN SAJAN         19CEME014  Final year B.E Mechanical Engineering SNS College of                                                                                                                                                                               

Engineering Coimbatore 

HAREESWARAN C     19CEME015  Final year B.E Mechanical Engineering SNS College of                                                                                                                                                                               

Engineering Coimbatore 

TARUN R                       19CEME045  Final year B.E Mechanical Engineering SNS College of                                                                                                                                                                               

Engineering Coimbatore 

 

Abstract 

Automotive sector is taking a massive turnaround in the production of vehicles using electric power only 

as a part of an initiative to reduce carbon emission. Since the number of automobiles are growing 

drastically the carbon emissions are also increasing resulting in Global Warming. There are several other 

Dangers in automotive industry namely Build quality which is an issue overshadowed and not properly 

addressed by the manufacturers. While high end cars use superior quality materials for their products other 

budget automobile manufactures compromise in build quality by using low quality materials as a part of 

the cost cutting process. This results in endangerment of lives and total destruction of the vehicles due to 

this trend. Our focus is to create and test the properties of a new alloy consisting of aluminium and 

Graphite. 
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1. Introduction  

              Automotive sector is taking a massive turnaround in the production of vehicles using electric 

power only as a part of an initiative to reduce carbon emission. Since the number of automobiles are 

growing drastically the carbon emissions are also increasi9ng resulting in Global Warming. There are 

several other Dangers in automotive industry namely Build quality which is an issue overshadowed and 

not properly addressed by the manufacturers. While high end cars use superior quality materials for their 

products other budget automobile manufactures compromise in build quality by using low quality 

materials as a part of the cost cutting process. This results in endangerment of lives and total destruction 

of the vehicles due to this trend. Our focus is to create and test the properties of a new alloy consisting of 

aluminium and Graphite. 

              Most of the high end cars use materials like carbon fibre, AL-MG alloys etc which are strong as 

well as light weight at the same time which plays a major role in fuel efficiency, aerodynamics, centre of 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 52, Issue 5,  May : 2023 
 

UGC CARE Group-1,                                                                                                                 664 

gravity, weight distribution, stability etc which contributes in the better performance of the automobile. 

These come at a price which most people can’t afford. 

              In the case of budget cars or family cars for the middle class manufacture use low end materials 

like aluminium sheet, hard plastics, soft plastics as a process of cost cutting which are brittle and easily 

breakable under any collision. Some manufacturers use iron and steel in their product which leads to high 

levels of weight gain which reduces and efficiency and engine life which also leads to high expense. Our 

goal is to create an alloy which is budget friendly but also has the performance of high end materials. 

Hence, the literature with respect to those aspects is significantly less in number. Journals that are relevant 

to materials used in automobiles from three different printers are taken for discussion.  

II Literature survey: 

 This article is devoted to systematization information on the introduction and application of modern 

materials in the automotive industry. Given both domestic and foreign sources of information, it follows 

that car manufacturers are constantly pushing to create the lightest cars possible to increase speed and 

power. [1] Carbon fiber and aluminum has a tendency to be a lighter material when contrasted with 

different metals like steel and has a more extensive scope of utilization in the automotive field.[2] . 

Applying high strength materials – beside high strength steels like DP1000, TRIP780 recently aluminium 

alloys, e.g., AA7021 or AA7075 – have a positive response for many of the requirements: increasing 

strength results in the application of thinner sheets together with significant mass reduction, leading to 

lower consumption with increased environment protection[3] The effect of different thermal treatment 

temperatures (from 472 to 783 K) on the characteristics of serrated yielding of three commercial aluminum 

alloys, AA5052, AA5754 and AA5182, was investigated. In the high temperature treatment range, the 

stress drop (Δσ) decreases with increasing thermal treatment temperature.[4] Aluminium metal matrix 

composites have been shown to make significant contributions to the area of new materials and have 

become widely accepted in high-tech structural and functional applications such as those in the aircraft, 

automobile, marine, mineral, defence, transportation, thermal management, automotive, and sports and 

recreation fields.[5] For this reason, our attention is mainly directed toward the electronic structure change 

with alloying elements in Al and Mg. A new alloying parameter, s-orbital energy level, Mk, is calculated 

and used for the quantitative prediction of the mechanical properties of Al alloys and Mg alloys.[6] The 

first marine applications of aluminium date back to the early 1890s. Naval architects had perceived the 

advantages of this metal for shipbuilding . Among the first vessels were the Mignon, a yacht 12 m long 

and purchased by Alfred Nobel in 1902 , and several military vessels, including two 18-m-long 

torpedoboats, Le Foudre and Le Lansquenet, ordered in 1895 by the French Admiralty from the British 

shipyard Yarrow[7] As long as galvanic contact with more noble metals is avoided, most structural alloys, 

such as those in the AA1000 (commercially pure), 3000 (AlMn), 5000 (AlMg), and 6000 (AlMgSi) series, 

are resistant to corrosion in seawater, especially the so-called seawater-resistant alloys in the 5000-

series[8] This chapter gives an overview of the joining technologies applicable in the design and 

manufacturing of lightweight automobile bodies. It covers liquid-phase welding, solid-phase welding, 

mechanical joining, and adhesive bonding for steels, aluminum alloys, and magnesium alloys. The 

process parameters and their effects on joint performance for each process are described[9] This chapter 

deals with the process of work hardening in aluminium and a number of its alloys. The approach taken is 

to develop a simple one parameter model based on dislocation density and modify this to try and describe 

https://www.sciencedirect.com/topics/materials-science/adhesive-bonding
https://www.sciencedirect.com/topics/engineering/aluminum-alloys
https://www.sciencedirect.com/topics/engineering/magnesium-alloys
https://www.sciencedirect.com/topics/engineering/joints-structural-components
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the essential behaviour of a range of solid solution and precipitation hardening alloys. Attention is also 

given to large strain behaviour and its description[10] 

 

2. Materials and Methods 

Aluminium: 

       Natural an aluminum alloy (or aluminum alloy) is an alloy in which aluminium (Al) is the 

predominant metal. The typical elements which are mixed with Al are copper, magnesium, manganese, 

silicon, tin, nickel and zinc. There are two principal classifications, namely casting alloys and wrought 

alloys, both of which are further subdivided into the categories heat-treatable and non-heat-treatable. 

About 85% of aluminium is used for wrought products, for example rolled plate, foils and extrusions. Cast 

aluminium alloys yield cost-effective products due to the low melting point, although they generally have 

lower tensile strengths than wrought alloys. The most important cast aluminium alloy system is Al–Si, 

where the high levels of silicon (4–13%) contribute to give good casting characteristics. Aluminium alloys 

are widely used in engineering structures and components where light weight or corrosion resistance is 

required  

 

       Aluminium–magnesium alloy, primarily alloyed with magnesium and chromium. 

The 5000 series of aluminum alloys are known for their excellent corrosion resistance and are used in a 

wide range of applications, including marine, automotive, and architectural industries. These alloys are 

also known as magnesium alloys because they are alloyed with magnesium to improve their strength and 

corrosion resistance. 

The most common alloy in the 5000 series is 5052, which contains approximately 2.5% magnesium and 

0.25% chromium. This alloy has excellent corrosion resistance, good formability, and is often used for 

sheet metal fabrication, marine and automotive parts, and cooking utensils. 

Other alloys in the 5000 series include 5083, 5086, and 5754, each of which has a slightly different 

composition and set of properties. For example, 5083 is known for its excellent strength and corrosion 

resistance in harsh marine environments, while 5754 has excellent formability and is often used in 

architectural applications. 

The 5000 series alloys have higher strength than the 3000 series alloys, but lower strength than the 2000 

or 6000 series alloys. However, their excellent corrosion resistance makes them an excellent choice for 

applications where corrosion is a concern, particularly in marine and automotive industries. 

Methodology 

DIFFUSION BONDING PROCESS: 

Diffusion, from an atomic perspective, is just the stepwise migration of atoms from lattice site to lattice 

site. In fact, the atoms in solid materials are in constant motion, rapidly changing positions. 

https://en.wikipedia.org/wiki/Aluminium%E2%80%93magnesium_alloys
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Chromium
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For an atom to make such a move, the following two conditions must be met: 

i)  There must be an empty adjacent site, 

ii) The atom must have sufficient energy to break bonds with its neighbor atoms and then cause some 

lattice distortion during the displacement. This energy is vibrational in nature. At a specific temperature 

some small fraction of the total number of atoms is capable of diffusive motion, by virtue of the 

magnitudes of their vibrational energies. This fraction increases with temperature. 

Diffusion is the process of mixing which involves the movement of atoms from area of higher to those of 

lower concentration or Diffusion is the shifting of atoms and molecules to new sites within a material 

resulting in the uniformity of composition as a result of thermal agitation. Movements in diffusion may 

be relatively short-range, as in allotropy, recrystallization and in precipitation. Diffusion is fundamental 

to phase changes and is important in heat treatments. Diffusion is basically, statistical in nature, and the 

term applies to macroscopic flow (not individual movements) resulting from innumerable random 

movements of individual atoms. The path of an individual atom is random, zig-zag, and unpredictable. 

Nonetheless, when large number of atoms make such movements, they can produce a systematic flow. 

Diffusive processes are irreversible and therefore, they increase entropy. At room temperature, diffusion 

occurs very slowly in most solids and is of little or no importance. Diffusion occurs more and more rapidly 

as the temperature rises and is the basis for most metallurgical processes. It is important in the annealing, 

recrystallization and grain growth of cold worked metal, in doping of semiconductors and in the formation 

of metallic bonds (soldering, welding, powder metallurgy). Diffusion, or lack of it, will determine the 

degree of homogeneity attained in solid crystals forming from a melt. The absence of homogeneity in a 

solidified casting is called “dendritic segregation” or “coring.” 

Sample: 
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Tests: 

Tensile Strength: 

Tensile testing is a destructive test process that provides information about the tensile strength, yield 

strength, and ductility of the metallic material. It measures the force required to break a composite or 

plastic specimen and the extent to which the specimen stretches or elongates to that breaking point. 

 

XRD Test: 

X-ray diffraction analysis (XRD) is a technique used in materials science to determine the crystallographic 

structure of a material. XRD works by irradiating a material with incident X-rays and then measuring the 

intensities and scattering angles of the X-rays that leave the material [1]. 

 

 
FESEM Test: 

Field emission scanning electron microscopy (FESEM) provides topographical and elemental information 

at magnifications of 10x to 300,000x, with virtually unlimited depth of field.  Compared with 

convention scanning electron microscopy (SEM), field emission SEM (FESEM) produces clearer, less 

electrostatically distorted images with spatial resolution down to 1 1/2 nanometers – three to six times 

better. 

 

https://photometrics.net/PhotoMetrics/scanning-electron-microscopy-sem/
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TENSILE AND XRD TEST: 
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RESULTS AND CONCLUSION: 

Thus, after few researches we have come to a decision:  

The test was conducted to determine if graphite can be used with Aluminium 5220 alloy to have better 

strength ,heat resistance and reduced weight. But after the tests the data gathered shows that graphite is 

not a suitable material for this process.  

Hence we infer and suggest different materials to experiment with.   
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