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Abstract- Aluminium metal matrix composites are widely used in many applications ranging from automobiles to aircraft 
industry. Due to the ability to tailor the properties depending upon the reinforcements, metal matrix composites are of 
considerable interest in today’s world. Graphene, a very unique member from the carbon family, is known for its lubricational 
and binding abilities. Several works about graphene reinforced metal composites were published in the past decade. Although 
monolayer graphene only have a single layer, and difficult to bind with the matrix, production of graphene in the form of 
ERGO(exfoliated reduced graphene oxide) surpasses these difficulties as ERGO has a few exfoliated layers and some oxide 
groups that readily attach with it. Current study focuses on the tribological aspects of graphene. Its role in reducing the wear 
rate and friction coefficient. 
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I. INTRODUCTION 
 
Aluminium matrix composites (AMCs) are 
aluminium centric material systems. AMCs are 
generally light weight , has high performance and 
used in a variety of industrial applications. The major 
types of reinforcement in AMCs consists of 
continuous/discontinuous fibres, whisker or 
particulates etc. The general  volume fractions ranges 
from a few percent to 70%.The biggest specialty of 
AMCs  is that we can modify the properties of AMCs 
to the demands of different industrial applications by 
suitable combinations of matrix reinforcement and by 
different processing routes. .  
 
Graphene, considered as the mother of all graphitic 
materials, has the perfect 2-D lattice consisting of SP2 
bonded carbon atoms. Due to its very distinguished 
properties like high Young’s modulus (1 TPa), high 
fracture strength (125 GPa) ,very high thermal 
conductivity(5000 W m-1 K-1) and electron mobility 
(200,000 cm2 V-1 s-1) ,it is of particular interest in 
tribology 
 
The wear mechanism in graphene is generally 
attributed to the breakage of in-plane bonds between 
carbon atoms and shearing at the interface of 
graphene layers. The friction on graphene surface is 
proposed to be due to Van Der Waal’s interactions. 
 
II. THEORETICAL FORMULATION OF 

FRICTION AND WEAR 
 
A. Friction Coefficient 
If F is the load applied and f is the frictional force 
obtained, 
 

Friction coefficient, µ=f/F          (1) 
B. Archards Law 
Archard’s law states that the total wear volume is 
proportional to the real contact area times the sliding 
distance  

               (2) 
  
where: 
V is the wear volume [m3]; K is the proportionality 
constant;  Ar is the real area of the contact [m2]; W is 
the load [N]; H is the hardness of the softer surface 
[Pa] and l is the sliding distance [m]. 
 
III. PREPARATION OF ERGO 
 
Graphite oxide was produced from Graphite flakes. in 
a graphite:NaNO3 mixture mixed in 2g:1g ratio,96ml 
H2SO4 was added, and was kept at an ice bath and 
subjected to stirring.6 g KMnO4 was added gradually 
.The mixture was stirred below 35 ◦C for 18 hours and 
150 ml Deionized water added. And solution was 
diluted by 240 ml Deionized water.5 ml of 30% H2O2 
was added to the mixture changing the solution to 
brilliant yellow. The resulting solution was washed 
with 250 ml,10% HCL and mixture was washed and 
filtered multiple times and finally dried to obtain 
Graphite Oxide. 
 
Thermal exfoliation of GO, was carried out at 450◦C 
in a muffle furnace, where 2 g of GO was put in a silica 
crucible, exfoliated Graphite oxide was obtained later. 
2g of E-GO was added to the 500 ml DI water, was 
ultra-sonicated for 30 mins, and 10 ml of hydrazine 
hydrate was added to the solution and was kept at 
soxhlet apparatus ,and the mixture was heated at  100 
°C for 24 h and the resultant mixture was washed 
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,filtered and dried to obtain Graphene. The UV 
spectral data with peak near 230 concludes that the 
sample contains reduced graphene oxide. For further 
analysis the raman spectroscopy image was taken, and 
it showed a sharp D band which confirmed that defects 
are present in the graphene.               
 

 
Fig.1: UV Spectrum of obtained ERGO 

 

 
Fig.2: Raman fingerprint of graphene 

 

 
Fig.3: SEM image of grapheme 

 
IV. PREPARATION OF ALUMINIUM 

GRAPHENE NANOCOMPOSITES 
 
Graphene corresponding to several wt% 
(.01wt%,.05wt%,.1wt%,.2wt%,.5wt%,1wt%,2wt%,5
wt%,10wt%,) of 8 g Aluminium was dispersed in 

acetone at 1g/10 ml.Graphene particles were 
efficiently dispersed in acetone as it was subjected to 
probe sonication for 1 hour . 
  
Aluminium powder was added along with sonication 
to ensure a smart dispersion of graphene particles 
inside the aluminium  MMC .The resultant mixture 
was dried  for 24 hours in an oven.  
   
The resultant blended powder was put in a mold and 
was compacted at 100 MPa ,using a  stainless steel die 
and kept for 15 minutes to ensure uniformity. The 
green specimen was ejected and  pins corresponding to 
the specified  wt% was prepared. The obtained 
specimens were of height 6 mm and diameter 12 mm. 
The obtained samples were subjected to sintering 
process at 640◦C for 5 hours in a muffle furnace. 
Continuous supply of nitrogen throughout the 
sintering process was ensured to prevent the formation 
of alumina, which hinders the sintering process in an 
adverse way. Sintering process bonds the particles and 
make it stronger. 
 
The obtained pellets were grinded and then polished 
in polishing machine using different grades of 
polishing papers ranging from p120-p1500.The 
pellets were attached to mild steel pins and the 
resultant test specimens had a diameter of 12 mm and 
height of 30 mm. The surface of pins were washed  
with acetone and cleaned with cotton to remove any 
sort of dust or particulate matter from the pin surface. 
 

 
Fig:4: Temperature profile of sintering process 

 
V. TRIBOLOGICAL ANALYSIS OF 

ALUMINIUM GRAPHENE 
NANOCOMPOSITES 

 
A. Wear and friction Analysis 
The  sintered aluminium graphene composite pellets  
were attached to mild steel pins and were tested on 
DUCOM POD tribomat against 98Cr6 stainless steel 
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disk,with  a load of 20 N , sliding distance of 1 Km and 
with a sliding velocity of 191 rpm. The frictional force 
and wear loss in grams were calculated . The attached 
pin-pellet structure had a standard length of 30 mm 
and diameter of 13 mm conforming to the ASME 
G99-9a  standards. 
 

 
Fig.5: Wear loss vs graphene concentration plot for the   tested 

specimens 
 
As per the wear analysis results, it is understandable 
that wear rates decreases up to an optimum 
concentration of 0.5 % and steeply increases for all 
higher concentrations.  
 
This may be either due to the insufficient strength of 
material caused due to agglomeration of graphene. 
Also the XRD and Raman spectroscopy analysis of 
graphene shows that it contains defects and it is 
proven that aluminium carbide formation will take 
place at defect sites which largely reduce the strength. 
So at higher concentrations, chances of formation of 
AlC is more compared to lesser concentrations. 
 
The friction values are normally shown on the pin on 
disk apparatus, and the values vary, depending on the 
nature and type of contact, area of contact etc. So the 
recurring possible values are noted and taken average, 
to analyse the friction coefficient. 
 

 
Fig.6: Coefficient of friction vs graphene concentration plot 

B. Rockwell hardness analysis 
 

 
Fig.7: Rockwell hardness vs graphene concentration plot 

 
We can see from the fig 7 that Rockwell hardness 
values also increases up to 0.5% wt concentration of 
graphene, and then shows a decreasing trend. This is 
in complete conformity with Archard’s  law. The more 
harder the material, there is less possibility for 
adhesive wear and abrasive wear. 
 
C. Density Measurement 
The density measurement of powder metallurgical 
materials is of considerable importance because of the 
property called porosity. Density was measured using 
a density meter. 
 
Density of AMCs increases up to 0.5% wt of graphene 
and after have a downward trend. This is due to the 
better dispersion achieved at low concentrations. The 
better dispersion of graphene fillers will provide a 
better binding, which will reduce the porosity and 
increase density. 
 

 
Fig.8: Density vs graphene concentration plot 

 
D. Surface Roughness 
The surface roughness value(Ra) was found using 
AFM. 
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Fig.9: Surface roughness Vs Graphene Concentration plot 

 
Surface roughness of the samples shows a decreasing 
trend. At higher concentrations of graphene, more 
surface area of contact happens to graphene. So 
graphene acts as a sacrificial layer between the 
mating, sliding surfaces. Also asperities in contact 
will be few, and so the sliding of surfaces produces 
relatively smooth surfaces, which is reflected in the 
plot shown in Fig 9. 
 
VI. CHARACTERIZATION OF WORN OUT 

SURFACE 
 
The worn out surface obtained from the test samples 
were subjected to SEM imaging, AFM And EDS 
characterization. 
  
For SEM imaging the worn out surface was cleaned 
first by acetone and cotton and images at 10 µm, 30 
µm, 50 µm was taken using a HITACHI 6606 
Scanning Electron Microscope. 
 
The EDS data of elemental distribution was done 
using an Electron Dispersion spectroscope attached to 
the SEM. Mapping of elements was also done for 
analyzing the distribution of the elements within the 
surface 
 
A. SEM Characterization 
From the SEM micrographs of the different worn out 
surfaces, it is quite evident that wear mechanism of the 
graphene aluminium Nano composite is mostly due to 
adhesive wear and abrasive wear.The pit formation, in 
the surface suggests the formation of microcrack, 
which is mainly due to adhesive wear. Abrasive wear 
is not so prominent up to  0.5% weight addition of 
carbon as the deep grooves, which are a characteristic 
of abrasive wear is mostly absent in the 
aforementioned range. However from 1% and higher 
weight addition deep grooves due to ploughing of 

harder steel occurs suggesting the reduction of 
hardness in those areas for the samples. 

 
Fig.10: SEM characterization of a) 0% b)0.01% c) 0.5% d) 1% 
e) 2% f) 5%  graphene  reinforced aluminium Nano composites 
 
B.AFM Characterization 
 

 
Fig.11: AFM Characterization of a) 0% b) 0.01% c) 1%  d) 2% 

e) 5% graphene reinforced aluminium MMCs. 
 
From the AFM imaging it is found that for higher 
additions of graphene (viz,1%,2%,5%) the asperities 
in contact will be high ,causing more wear . The more 
number of asperities are due to inefficient binding and 
less effective sintering. 
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C. EDS analysis 

 

 
 

 
Fig.12: EDS characterization of a) 0% b) 0.5% c) 2% graphene 

reinforced aluminium nanocomposites 
 
The EDS Characterization shows ferrite formation in 
the worn out surface. This is due to the transfer of 
ferrous oxide from the steel disc to the composite 
surface due to high temperature.  
 
As we can see the optimum concentration of 0.5% 
have the least wear profile, the ferrite presence as well 

as wear grooves are minimal. The small amount of 
ferrite presence shows that adhesive wear is 
successfully countered by the material. 
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