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Abstract:  

Aluminium Hybrid Metal Matrix Composite have been widely used as a substitute materials in automobiles, aerospace and structu ral 

applications because of their good tribological and mechanical properties. The present study deals with Aluminium Alloy 7075 

reinforced with Carbon-Nano Tubes (CNT) and E-Glass Fibers. Aluminium alloy 7075 is an alloy with zinc as primary alloying 

element. It is strong, with a strength comparable to many steels, and has good fatigue strength, but has less resistance to corrosion 

than many other Al alloys. E-glass fiber is an immensely versatile material which combines light-weight with inherent strength. 
Much research has been undertaken in utilizing CNTs as reinforcement for polymer matrix composites. However, CNT -reinforced 

MMCs have received the least attention. There are many techniques used to manufacture Metal Matrix Composites (MMCs), but 

Stir-Casting and Powder Metallurgy are extensively used to manufacture the composites. The powder metallu rgy technique is more 

cost effective than the casting methods, but it cannot be used for the production of complex shapes. Compared with Powder 

Metallurgy, Stir-Casting which involves stirring of the particles into melt has some advantages: better matrix bonding, easier control 

of matrix structure, low-cost, simplicity, a nearer net shape can be produced and there is a wide selection of materials that can be 

used in this method. In the work, the experimental study began with mixing of Alumin ium 7075 alloy, CNT and E-Glass Fibers using 

a Stir- Casting technique at different weight fractions, i.e. addition of CNT (0.5%, 1%, 2%) and E-Glass (1%, 5%). After production, 

the machin ing of the hybrid metal matrix composites is carried out as per ASTM standards. This review paper is aimed to summarize 

wear properties and to study the effect of reinforcements on Alumin ium 7075 alloy.   
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1. INTRODUCTION 

The regulations and norms related to environment requires less 

fuel consumption requirement in vehicles to reduce the pollution 

which ult imately requires lightweight materials. Light weight, 

high strength and wear resistant material are the need  for the 

automobile and aircraft industries. The light weight alloys like 

aluminum, titan ium, magnesium and copper can be used for 

automobile and aircraft parts.  

Aluminium alloys (AA) play a vital role in various engineering 

fields owing to their superiority in strength to weight ratio and 

other mechanical properties. However the difficulty of AA is that 

they exhibit low resistance to wear in tribological applications. 

Among the AA, AA 7075 exh ibits good mechanical properties 

so it is heavily used in many engineering applications. The Al -

7075 alloy has been selected as the matrix material due to its 

high strength and light weight property. It is also having good 

heat treatab le and age hardenable response compared to 6061 

and 2024 series alloys. The secondary process such as age 

hardening, solution is ing and precipitation hardening can be 

carried out on this type of composite materials which further 

enhances the wear resistance and strength. To improve their 

tribological properties, Aluminium Matrix Composites (AMCs) 

with CNT are being explored. Tribolog ical characterizat ion of 

the composite will be carried out to study the variation of the 

wear rate and its coefficient of frict ion. The wear is progressive 

loss of the material which alters the dimension and reduces the 

strength of the component. The coefficient of frict ion influences 

the noise, surface finish and vibration of the interacting parts. 

The automobile parts like d isc brake, cylinder liner, piston and 

drive shaft are the some of the parts which experiences severe 

wear during its functioning. The high wear resistant materials 

like steel, cast iron or metal matrix composite to be used for 

such parts. Here the lightweight material, A lumin ium 7075 is 

taken as matrix and multi walled carbon nanotubes along with 

E-glass are taken as reinforcement. Alumin ium 7075 is less 

wear resistant whereas MWCNTs are high ly wear resistant. So 

in order to increase the wear resistance of the alumin ium matrix, 

it is being reinforced with the MWCNTs. Aluminium 7075 is 

reinforced with different proportions as 0.5%, 1% and 2% 

MWCNTs and 1% and 5% E-glass using Stir Casting technique. 

And the specimens were tested for the wear properties using pin 

on disc arrangement. 

 

2. Experimental Details  

2.1 Material selection 

The aluminum alloy A l-7075 has been selected as the matrix 

material is more compat ible with the reinforcement and has 

good mechanical property and castability at the alloy level 

itself. The application of the alloy in automobile and aircraft  

application itself indicated that it is the proper selection. The 

material is also having good response to age hardening, heat 

treatment process and precipitation hardening. 

Table -1: Composition of A L -7 0 75  

Element Weight % 

Silicon  0.4 

Ferrous 0.5 

Manganese 0.3 

Magnesium 2.9 

Copper 2 

Zinc 6.1 

Titanium 0.2 

Aluminum 87.60 
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Table -2: Propert ies of A L- 70 7 5  

Mechanical properties Values  

Hardness –Rockwell-A  50 

Tensile yield strength 503MPa 

Elongation at beak 11% 

Modulus of Elasticity 71.7GPa 

Poiss on’ s Rat i o  0.33 

Machinability 70% 

Shear modulus 26.9GPa 

Shear strength 331Mpa 

 

 Multi-walled Nanotubes: MWCNTs are chosen as 

reinforcement material. MWCNTs have excellent properties and 

are being employed in a large number o f commercial 

applications. MWNTs include several tubes in concentric 

cylinders. The number o f these concentric walls may vary from 

6 to 25 or more. The diameter of MWNTs may be 30 nm when 

compared to 0.7–2.0 nm for typical SW NTs. 

 

Table -3: Propert ies of M WC N T  

Properties  Values  

Density 1.6-2 g/cm
3
 

Young’s modulus  1.7-2.4 TPa 

Thermal Conductivity >3000 W/m K 

Melting Point  35000
o
C 

 

Glass fiber has roughly comparable mechanical propert ies to 

other fibers such as polymers and carbon fiber. Although not 

as strong or as rigid as carbon fiber, it is much cheaper and 

significantly less brittle when used in composites. Glass fibers 

are therefore used as a reinforcing agent products to form a 

very strong and relatively lightweight Hybrid Composite. 

 

Aluminium 7075 is reinforced with different proportions as 

0.5%, 1% and 2% MWCNTs and 1% and 5% E-g lass using 

Stir Casting technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         Fig -1: Stir casting Furnace setup 

 

2.2 Sample Preparation 

 

For composite preparation, the simplest and cost effective route 

used to cast is stir casting method (liquid casting method). 

Aluminium metal matrix (AA 7075) is melted at 850°C in a 

graphite crucible. When the temperature of the melt is about 

30°C above the pouring temperature, the preheated stirrer is 

introduced in the melt. The agitation of the melt is started and 

the preheated CNT and E-g lass of respective wt. % is 

introduced. The stirring is continued to ensure a proper mixing 

and slurry. It is subsequently stirred at 300rpm, by using an 

impeller attached to the variable speed motor. The slurry of the 

composites is prepared and poured into the steel moulds to 

solidify to form AA 7075 Hybrid composite. 

The commercial OHNS stainless steel disc with 62HRc 

hardness was prepared to act as the counter body in the wear 

test. 

 

Table -4: Specimen  Composit ion fo r vary ing weight fract ion.  

 

Specimen 

Code  

Al-7075 CNT E-Glass 

Specimen-1 1000gms -Nil- -Nil- 

Specimen-2 985gms  05gms 

(0.5%) 

10gms 

(1%) 

Specimen -3 980gms  10gms 

(1%) 

10gms 

(1%) 

Specimen -4 975gms   15gms 

(1.5%) 

10gms 

(1%) 

Specimen -5 970gms 20gms 

(2%) 

10gms 

(1%) 

Specimen -6 945gms  05gms 

(0.5%) 

50gms 

(5%) 

Specimen -7 940gms 10gms 

(1%) 

50gms 

(5%) 

Specimen -8 935gms  15gms 

(1.5%) 

50gms 

(5%)  

Specimen -9 930gms  20gms 

(2%) 

50gms 

(5%) 

 

2.3 Experiment 

Wear Test: A pin on disc apparatus is used to investigate the 

dry sliding wear characteristics of the Aluminium Hybrid  

composites under different load conditions. The applied load is 

varied from 2 Kg and 4 Kg with respective sliding velocity and 

sliding distance. Wear specimens of 6mm diameter and 35mm 

height were machined from the cast samples and polished 

metallographically for the wear test. Before each test, the disc 

surface was polished with grade 220 SiC paper to a Central 

Line Average (CLA) value of 2µm. A digital weighing balance 

machine is used for determining the weight of the pins before 

and after the wear test and the corresponding Volume and Mass 

wear is calculated. 

 The wear rate is calculated from the equation. 

             
 

  
 

                        

 Fig -2: Pin on Disc Wear Test setup 

 

3.  Results and Discussion 

Wear Test: The effect of CNT and E-Glass fiber on the wear 

characteristics of Aluminium hybrid composites for different 

loads are shown in figures. Which is the representative graphs 

plotted based on wear rate results. The severe wear is a serious 

problem with practical importance because the catastrophic 
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nature of the wear in the post-transition region renders the tribo-

components like bearings and cylinder liners unfit for further 

use. However, sufficient is known about wear mechanism and 

their solutions to encourage greater application of the 

knowledge. The presence of the reinforcement has been reported 

to retard the mild to severe wear t ransition of the composites at 

higher loads. In the present case also, the loads at which the 

transition occur were found to be much higher. However, the 

beneficial effect of the reinforcement on the wear resistance of 

the composites is observed to be the best at low loads, which  

reduces with the increase in load applied. At low loads the 

composites derive their wear resistance from the reinforcement. 

At high loads however, as composites lose their ability to 

support the load the counter face comes in direct contact with 

the matrix alloy in which high strains are developed causing 

removal of the surface layers by delamination. 

Fig -

3: Worn Out Specimens 

                                       
Fig -4 : Comparison of Wear Rate at 2Kg load, 300rpm 

 
Fig -5 : Comparison of Wear Rate at 2Kg load, 400rpm  

 
 

Fig -6 : Comparison of Wear Rate at 2Kg load, 500rpm 

 

 
Fig -7 : Comparison of Wear Rate at 4Kg load, 400rpm 

 

  
Fig -8 : Comparison of Wear Rate at 4Kg load, 500rpm 
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Specimen Code  2 Kg, 300 rpm 2 Kg, 400 rpm 2 Kg, 500 rpm 4 kg, 400 rpm 4 Kg, 500 rpm 

Sample-1 11.47276 9.1811 8.48879 13.14118 12.9627 

Sample-2 5.737054 4.8774 5.27614 12.13627 12.2746 

Sample-3 5.352961 4.5905 4.81685 5.824253 6.53891 

Sample-4 6.499830 5.4512 5.50595 4.533879 5.50643 

Sample-5 10.70727 8.8942 8.02977 11.42029 11.3571 

Sample-6 3.059221 1.7214 2.75192 0.803329 0.91764 

Sample-7 3.824703 4.0160 3.21081 2.380756 2.98266 

Sample-8 4.206091 5.4512 4.12938 5.393383 5.73588 

Sample-9 11.08866 10.328 8.02887 17.01489 22.8289 

Table -5: Wear Rate of different specimens.  

 

                             
Fig -9 : Comparison graph of Wear Rate at different load and speed 

Observation: 

It is observed that with varying Percentage of CNT and E-

Glass wear property of Hybrid Composite decreases for the 

0.5% & 1% of CNT at 1% & 5% of E Glass and then wear 

rate  increases, with increase in CNT at 2% for the 1% & 5% 

of E-Glass. 

 

CONCLUS ION 

The attempt made to prepare the Aluminum 7075 Hybrid 

Composite for experimenting tribological properties was 

done using liquid casting technique. The AMCs were 

manufactured with AA 7075 and CNT / E-Glass Fibers with 

optimal level of wt. %. 

The wear test was conducted using pin -on-disc apparatus by 

varying applied load and sliding distance for. The results 

evidence that the wear rate increases with increasing applied 

load and increasing sliding velocity. At defin ite proportions 

the AMCs exhibits better wear resistance compared to base 

alloy. It is observed from the results that the wear rate of the 

composites is reduced with the increase in reinforcement 

content at certain level and also it is seen that as the load 

increases the wear rate also increases. Among AMCs, the 

AA 7075 with 0.5% CNT and 5%E-Glass composite 

exhibits the superior wear resistance. 
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