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ABSTRACT 
In the recent times, there have been immense research in the fields of composites particularly Aluminum based Composites owing 

to its good physical and mechanical properties. Since the discovery of Carbon nanotubes (CNTs) in 1991, the Aluminum metal 

matrix composites with carbon nanotubes as the second phase particles are one such area which have generated quite a lot of 

interest around the world due to its utility in the field of aerospace and automobile industry. Carbon nanotubes with 

characteristics such as light weight, smaller dimensions, and unique mechanical properties could be a suitable second phase 

material compared to the conventional composites and give a sense of confidence for the future prospects. The multiwall carbon 

nanotubes (MWCNT) nanoparticles have been produced by Simple Arc Discharge Method. The reinforcement or filler was added 

to the matrix by Stir Casting route in order to obtain enhanced properties. The characterization techniques like Raman 

Spectroscopy have been employed to confirm the MWCNT nanoparticles. The various tests such as tensile test, density test, optical 

microscopy, hardness test were performed. The results from the tests showed that there has been an increase in properties like 

yield strength by 3%, macro hardness by 3% and ductility by 15% when compared to the AA713.0 base metal. The density value 

has shown a decrement by 3% whereas the Ultimate tensile strength decreased by 24% when compared to the AA713.0 base 

metal.Also from the various corrosion tests performed it was observed that there was an increase in corrosion rate of the 

AA713.0/MWCNT by 51.9% compared to the 713.0 base metal which may be due to the addition of MWCNT.The wear test showed 

that the wear rate of the AA713.0/MWCNT was reduced by 60.714% compared to the AA713.0 base metal which was again 

attributed to the presence of MWCNT. 

 

 

KEYWORDS:A. nanocomposites; B. multiwall carbon nanotube; C. arc discharge method D. Raman spectroscopy; E. 

destructive testing; 
 

INTRODUCTION 
 

A nanocomposite material is a mixture of two or more separate phases, matrix, and reinforcements 
(Nanoparticles), which have been intimately bound together. [1] The aim of developing Nanocomposites is to 
combine the mechanical properties of its individual components to meet various industrial requirements. [2] 
Industries like aerospace and automobile require material with properties such as low density and good 
mechanical properties such as high damping, strength, wear & corrosion and stiffness. [3,4] Metal matrix 
composites (MMCs) as the composite materials in which the basic constituent (the matrix) contribute at least 50 
% by volume is a metal and the reinforcements whether one element or more could be a metal, ceramic or an 
organic compound. [5] The materials used as a matrix in these composites are usually Al, magnesium, copper, 
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titanium, Al-lithium, and super alloys. Al-based (MMC) are used widely by several industries due to their 
relatively high specific stiffness, low density, and wear resistance. [6,7] investigated CNTs are singly dispersed 
in composites, much finer grain size obtained. The yield strength of 1 wt.% and 3 wt.%CNT/Al composites 
increased by 23.9% and 45.0%, respectively. [8] The discovery of carbon nanotubes, with light weight, smaller 
dimensions, and unique mechanical properties could fulfill further goals of higher damping capacity and better 
mechanical properties, compared to the conventional composites. Carbon nanotubes are seamless cylinders of 
rolled up graphenesheets as shown in figure 1.[9]Experiments and simulations showed that CNTs have 
extraordinary mechanical properties over carbon fibers e.g. strength of the order of 100 GPa, stiffness up to 
1000 GPa, and thermal conductivity of up to 6000 W/mK as reported.CNTs can exist as a single wall or multi-
wall cylinders as shown in figure 1 (a,b).[10] The improvement in UTS and elongation % of nanocomposite 
occurred by 50 % and 280 % respectively along with some increase in hardness. [11] SEM analysis showed a 
uniform dispersion of MWCNTs with good interfacial bonding between the matrix and the MWCNTs. Also, 
UTS and elongation increased by 34% & 250%.[12]The accumulative roll-bonding (ARB) process helped in 
improving wettability of MWCNT with matrix, and the hardness, shear strength and shear elongation were 
improved by 38%, 20%, and 46.6%, respectively. 

 

 
(a)         (b) 
 

Fig. 1:Structure of carbon nanotubes: (a) single wall carbon nanotube; (b) multiwall carbon nanotube. 
 
[13] [14] out of the various methods available to produce MWCNT such arc-discharge, laser ablation and 

catalytic CVD, The arc discharge has been chosen for our study owing to its simplicity and low cost. [15] 
Improved the strength of the Aluminum composite using CNTs as reinforcement.The aim of the present 
research is to develop a high strength Aluminum matrix reinforced with novel nanoparticle called carbon 
nanotubes incorporated in Aluminum 713.0 cast alloy to get enhanced mechanical, thermal and corrosion 
behavior of the composites. Aluminum MMCs can be produced by two major routes: melt route and powder 
metallurgy. Keeping in mind the economy and also the properties, we have employed the stir casting route to 
produce the MMC Carbon nanotubes in multi-wall nature have been taken as reinforcement. Multi-walled 
carbon nanotubes (MWNTs) were synthesized by simplified electric arc discharge method using two graphite 
electrodes. The synthesized MWNTs were purified by multistep physical and chemical treatments. Our 
experimental investigation is focused on to understand the structural evolution during synthesis of composites 
through stir casting route. Optimized parameters are used to study the aluminum casting consolidation and 
reinforcement distribution, the influence of reinforcement and crystal structure on hardness and strength. It's 
evaluated by several experimental tests such as mechanical (destructive testing), Tribological and Corrosion 
tests. 

 
1. Experimental: 
1.1. Materials: 

Aluminum ingots, Metal Powders as mentioned in the table 1, Arc Discharge experimental setup to produce 
MWCNTetc 

 
1.2. Methodologies: 

The experimental investigation involves synthesis of MWCNTs reinforced AA 713.0 composites, which is 
obtained in three steps. Step one deal with synthesis of MWCNTs, the second step gives the details of synthesis 
of nanocomposites along with the samples of commercially pure (CP) Aluminum & the AA713.0 alloy and in 
the third stepwe correlate and compare the properties of nanocomposites (AA713.0/MWCNT) with the other 
two samples. Figure 2 shows the methodologies and experimental flow chart of nanocomposites. 
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Fig. 2: The methodologies and experimental flow chart of nanocomposites. 
 

1.3. Synthesisof MWCNTs: 
A manual metal arc discharge machine (ESAB SYNCHRO 300, AC/DC with current range 20–360 Amps) 

was used in this experimental setup. Out of the two graphite electrode Anode is movable one, whereas cathode 
is stationary one. The electrode used as anode was a cylindrical graphite rod (150 mm length with 10 mm 
diameter) whereas the electrode used as cathode was a graphite plate of rectangular dimensions (size: 150 × 100 
× 10 mm) as shown in fig 4 (a). The graphite electrodes used were of 98.5 % purity,the arc was generated with a 
current and voltage of 150A and 40V respectively and the arc gap between the electrodes was maintained 
constant at 1–3 mm. The current and voltage being maintained constant throughout the process.The schematic 
diagram of the modified arc discharge set up and the soot produced are as shown in Figure 3.Due the low 
current density of the cathode the soot was deposited on the cathode. Figure 4 (b) shows  soot deposited on the 
graphite plate (Cathode)which were scrapped and ground into fine powder using the Ball mill setup. The 
synthesized CNTs thus obtained contains carbonaceous impurities which includes the amorphous carbon, 
fullerenes and carbon nanoparticles.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3:The schematic diagram of the modified arc discharge set up. 
 

1.4. Purification of synthesized CNTs: 
The purification treatment consists of four stages.The crushed soot powder was first heated in a closed 

muffle furnace at a temperature of 650˚ C for 1 hour, thus removing all the amorphous carbon materials 
[16].The CNTs were then washed in demineralized water and treated with toluene for a time period of 5 hours, 
thus removing the fullerenes and the soluble impurities. The sample was then dried in air at 100˚C. The sample 
in this stage was subjected to liquid phase oxidation with 20 % hydrogen peroxide for 2 hours [16]. Large 
amount of amorphous carbon was removed after this step. Thesample was washed with the dimeneralised water 
and dried in the air at 100˚ C [16]. The purification in liquid phase oxidation leads to surface modification of 
carbon. Figure 4 (c,d) shows the sample being then ultrasonicatedin acetone for 30 minutes so as to avoid the 
agglomeration of CNTs and subsequently dried in air, which causes an increase in the isolation of MWCNTs. In 
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this technique, the CNT particles are separated due to ultrasonic vibrations. Agglomerates of different 
nanoparticles were forced to vibrate and become more uniformly dispersed. Thus the multi-walled carbon 
nanotubes have been synthesized and stored in a vacuum dessicator. 

 
 
 
 
 
 
 
 
 
(a)  (b)                                          (c)                                  (d) 

 
Fig. 4: Showing various steps showing the preparation and purification of MWCNT: (a) Graphite electrode: (b) 

Raw soot particles: (c) Ultra-sonication: (d) Purification process. 
 

1.5. Fabrication Of AA713.0-Mwcnt Composites Through Casting Route: 
The matrix material used in this investigation is AA 713.0 alloy, which was prepared from casting of 

elemental powders of Zn, Cu, Mg, Si, Fe, Mn, Mg, Cr, Ni, Ti and Aluminum.The composition of the AA713.0 
matrix alloy is shown in Table 1. The reinforcement used in theinvestigation is multi walled carbon nanotubes. 
MWCNTs have been synthesized by the modified arc discharge method [17-21]. General Procedure adopted for 
Casting with MWCNT incorporated:The required amount of aluminum was cut using BOSCH cutting machine. 
Next, keeping aluminum as fixed the amount of other elements required was calculated.The aluminum ingot 
was further cut into smaller pieces to help in the melting process while the other metal powders were wrapped 
inside the aluminum foil.The furnace was switched on and set to 850 ˚C. After the furnace reached 200˚C, the 
elemental powders in the foils (except Zinc and magnesium) were preheated as shown in figure 5 (a) along with 
the small aluminum ingot pieces were introduced at the bottom of the furnace. Meanwhile the die was kept in 
the preheated condition.After the melt reached sufficient temperature (700 ˚C) the zinc and magnesium powders 
were introduced in the melt and the stirrer was used to stir and uniformly mix the elements in the melt to avoid 
any segregation.Figure 5 (b) shows the melt being stirred in the aluminum stir casting furnace.After reaching 
the desired set temperature the melt was allowed to flow into the die. After cooling the cast samples were taken 
out. Thus we now have three samples with us, Commercially Pure Aluminum, AA713.0 and 
AA713.0/MWCNT (1.5 wt%). The results of which are studied and compared. 

 
 

 
 
 
 
 
 
 
(a)     (b) 

Fig. 5: Fabrication Of AA713.0-Mwcnt Composites through Casting Route (a) Pre heating of elemental 
powders (b) stir casting furnace. 

 
Table 1: The composition of the AA713.0 matrix alloy 

Element Composition(%) 

Si 
Fe 
Cu 
Mn 
Mg 
Cr 
Ni 
Zn 
Ti 

0.25 
1.1 
0.7 
0.6 
0.35 
0.35 
0.15 
7.5 
0.25 

 
1.6. Characterization: 

Nanocrystalline nature of the ball milled powders is studied by using Philips CM 12 transmission electron 
microscope (TEM). The microstructure of ball milled powders and sintered nanocomposites are characterized 
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byusing FEI Quanta 200 Scanning electron microscope (SEM) in secondary electron mode.
surface and the corroded surface of composites are also analyzed by using SEM.
(MWNTs) prepared by the carbon arc method are th
concentric nanotubes. The Dmodeat 1350 cm
induced bydisorder. In carbon nanotub
shifts at a rate between 38 and 60 cm
D-mode frequency of graphite and its intensity isquite large as compared to G
These two characteristics(frequency and line width) ensure that the sample is nanotube and not graphite
observation of large D band peaks compared with the G peak intensity inMW
presence of amorphous carbon [24].
gives a signatureof carbon nanotubes. Unlike graphite (tangential mode at 1582 cm
MWNTs gives rise to a multipeak feature, also named the G
our spectra but with a difference in the peak positions.The BWF
characteristic of metallic type, is absent in thespectra. This, in turn, reinforces our suggestion that the grown 
nanotubes are ofsemiconducting type and not metallic. In MW
1corresponding again to the high-energy graphite like mode; the low energy RBM mode is
confirms the nanotubes are in multi wallednature.

 

 
In this section, the synthesized (arc discharge method) multi

XRD, SEM, TEM and TGA. Various mechanical, corrosion and tribology tests have been performed on the 
samples and the results are discussed. 

 
1.7. Analysis of Raman Spectroscopy

Multi-walled carbon nanotubes (MWNTs) prepared by the carbon
of a coaxial arrangement of concentric nanotubes. The Raman spectra shown in 
experimental evidence for the coaxial structure.

Fig. 6: Raman spectra of MWNTs 
 
The observation of characteristic multi

nanotube [23-28] 
 

1.8. Micro Structural Characterization Of A
Figure 7 (a–c) shows the optical micrographs of commercially pure, AA 713.0, AA 713.0/MWNTs 

composites with 1.5 wt. % of MWNTs. With optical microscopy it is not possible to 
presence of MWCNTs in matrix 
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byusing FEI Quanta 200 Scanning electron microscope (SEM) in secondary electron mode.
surface and the corroded surface of composites are also analyzed by using SEM. Multi-walled carbon nanotubes 
(MWNTs) prepared by the carbon arc method are thought to be composed of a coaxial arrangement of 
concentric nanotubes. The Dmodeat 1350 cm–1 has been known in graphite for over a few decades and this is 
induced bydisorder. In carbon nanotubes, this D-mode is observed at smaller frequency thanin graphite

cm–1/eV with laser excitation energy[22].The D-mode is usually lower than 
mode frequency of graphite and its intensity isquite large as compared to G-band. The bandwidth is 40 cm

ncy and line width) ensure that the sample is nanotube and not graphite
observation of large D band peaks compared with the G peak intensity inMWCNTs bundles indicates t
presence of amorphous carbon [24].The observation of characteristic multi-peak features around 1580 cm

a signatureof carbon nanotubes. Unlike graphite (tangential mode at 1582 cm–1), the tangential G
MWNTs gives rise to a multipeak feature, also named the G-band [25, 26]. Where the spectral profile resembles 
our spectra but with a difference in the peak positions.The BWF [27,28] line at 1540 cm
characteristic of metallic type, is absent in thespectra. This, in turn, reinforces our suggestion that the grown 

tubes are ofsemiconducting type and not metallic. In MWCNT, there is a single peak at 1589 cm
energy graphite like mode; the low energy RBM mode is

confirms the nanotubes are in multi wallednature. 

RESULTS ANDDISCUSSION 

, the synthesized (arc discharge method) multi-walled carbon nanotubes are characterized by 
Various mechanical, corrosion and tribology tests have been performed on the 

iscussed.  

Analysis of Raman Spectroscopy: 
walled carbon nanotubes (MWNTs) prepared by the carbon arc method are thought to be composed 

of a coaxial arrangement of concentric nanotubes. The Raman spectra shown in figure 6
idence for the coaxial structure. 

The observation of characteristic multi-peak features around 1580 cm–1 provides 

Micro Structural Characterization Of AA 713.0/Mwcnt Composites: 
c) shows the optical micrographs of commercially pure, AA 713.0, AA 713.0/MWNTs 

composites with 1.5 wt. % of MWNTs. With optical microscopy it is not possible to confirm
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walled carbon nanotubes 

ought to be composed of a coaxial arrangement of 
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frequency thanin graphite and 
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ncy and line width) ensure that the sample is nanotube and not graphite[23].The 

NTs bundles indicates the 
peak features around 1580 cm–1 

1), the tangential G-modein 
ere the spectral profile resembles 
line at 1540 cm–1 which is the 

characteristic of metallic type, is absent in thespectra. This, in turn, reinforces our suggestion that the grown 
NT, there is a single peak at 1589 cm–

energy graphite like mode; the low energy RBM mode isgenerally not seen.It 

walled carbon nanotubes are characterized by 
Various mechanical, corrosion and tribology tests have been performed on the 

method are thought to be composed 
figure 6 might provide 

 

 a signature of carbon 

c) shows the optical micrographs of commercially pure, AA 713.0, AA 713.0/MWNTs 
confirm the phases and 
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Fig. 7:Microstructures of (a) commercially pure; (b) AA713; (c) AA 713 /MWCNT 
 
1.9. Micro hardness measurements Of AA713.0 Mwcnt composites: 

Table 2 shows the micro hardness values for commercially pure, AA713.0 and AA713.0/MWCNT. The 
specimens were prepared using belt grinder, emery papers and polishing unit. Total of 15 readings were taken 
and average of them was taken as mean value. The experiment was performed on Vickers micro hardness 
testing machine with load 300 g and dwell time of 15 s. 
 
Table 2: Hardness values of the various alloys 

Alloys Hardness Value (Hv) 
Commercially Pure 
AA713.0 
AA713.0/MWCNT 

24.45 
34.78 
32.50 

 
From the table 2 we can see that the micro-hardness values show a small dip in the hardness by 6% with the 

addition of MWCNT which may be due to the relatively softer phase being tested. 
 

1.10. Density Test: 
Density test was performed on the samples using the density testing machine. The specimens for density 

test were prepared using cutting machine. 
 
Table 3: Density of the various samples 

Alloys Density(g/cc) 
Commercially pure 
AA713.0 
AA713.0/MWCNT 

2.6894 
2.7819 
2.6900 

 
From the table3 we can observe that there is a significant decrement in density by 3% when we added 

MWCNT. 
 
1.11. Rockwell Hardness Test: 

Rockwell hardness test or the macro hardness was performed on the specimens which were prepared by 
using belt grinder. The scale chosen for the test was B scale with 1/16 inches diameter hardened steel ball. Total 
of five readings were taken and average was shown in the table 4. 

 
Table 4: Rockwell hardness of various samples 

Alloys 
Rockwell hardness 
B scale 

Commercially Pure 
AA713.0 
AA713.0/MWCNT 

33.16 
35.86 
36.8 

 
From the table 4 we can observed that there is gradual increase in the macro-hardness by 3% when we add 

MWCNT particles in the alloy. 
 
 

1.12. Tension Test: 
The tension test was conducted in automatic universal tension machine. The specimens were prepared in 

dog-bone shape by using lathe machine as shown in figure 8 (a).the sample 1 denoted commercially pure 
aluminum (CP), sample 2 denoted AA713.0 and sample 3 denoted AA713.0/Mwcnt.Strain rate: 1s-1: Initial 
gauge length: 26 mm: Initial diameter: 6.2 mm. 

(a) (b) (c) 
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(a)                                                                          
 
Fig. 8: Comparison of the mechanical properties (Yield stress, Ultimate stress and % elongation)

shaped specimens (b) bar chart for the specimens 
 
From the 8 (b) plot it can be seen that there is a sharp increase in the percent elongation by 15%, also there 

is a slight increase in the yield stress value by 3% whereas there is a decrement in ultimate tensile strength by 
24%. 

 
1.13. XRD Analysis: 

XRD analysis was done on the AA713.0/MWCNT composite to check the phases formed in the 
in different planes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9: XRD image showing different phases at different planes
Different phases at different planes: 
At plane (137) - Fe11.68 Zn38.479  
At plane (002) - Al0.985 Cu0.005 Mg
At plane (022) - Al0.985 Cu0.005 Mg
At plane (113) - Al0.985 Cu0.005 Mg
 

1.14. Immersion Test: 
For immersion test 3.5% NaCl solution was prepared in laboratory and the samples were suspended in 

solution and examined periodically i.e. every 24 hours. 
aluminum (CP), figure 10 (b) shows s
AA713/MWCNT. 
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                                                                        (b) 

Comparison of the mechanical properties (Yield stress, Ultimate stress and % elongation)
shaped specimens (b) bar chart for the specimens  

plot it can be seen that there is a sharp increase in the percent elongation by 15%, also there 
is a slight increase in the yield stress value by 3% whereas there is a decrement in ultimate tensile strength by 

XRD analysis was done on the AA713.0/MWCNT composite to check the phases formed in the 

XRD image showing different phases at different planes 
Different phases at different planes:  

 
Mg0.01 
Mg0.01 
Mg0.01 

For immersion test 3.5% NaCl solution was prepared in laboratory and the samples were suspended in 
solution and examined periodically i.e. every 24 hours. Figure 10 (a) shows Sample no. 1 

(CP), figure 10 (b) shows sample no. 2 – AA713, figure 10 (c) shows sample no. 3 

, Pages: 222-234 

 

Comparison of the mechanical properties (Yield stress, Ultimate stress and % elongation) (a) Dog bone 

plot it can be seen that there is a sharp increase in the percent elongation by 15%, also there 
is a slight increase in the yield stress value by 3% whereas there is a decrement in ultimate tensile strength by 

XRD analysis was done on the AA713.0/MWCNT composite to check the phases formed in the composites 

For immersion test 3.5% NaCl solution was prepared in laboratory and the samples were suspended in 
Sample no. 1 – Commercially pure 

, figure 10 (c) shows sample no. 3 – 
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(a)                                   (b)                                   (c) 

 
Fig. 10: Immersion test being carried out: (a) commercially pure (CP) (b) AA713.0: (c) AA713/MWCNT 

 
The samples were kept in the solution for 21 days and periodically the solution was changed to maintain 

the pH value of the solution. After every 24 hours samples were weighted and loss in mass has been noted down 
and shown in the table 5. 
 
Table 5: Observation table for immersion test 

SAMPLE1(CP) 
(every 3 days) 

SAMPLE2(AA713.0) 
(every 3 days) 

SAMPLE3(AA713.0/MWCNT) 
(every 3 days) 

1.1154 g 
1.1152 g 
1.1147 g 
1.1144 g 
1.1143 g 
1.1140 g 
1.1139 g 

0.9768 g 
0.9766 g 
0.9762 g 
0.9761 g 
0.9759 g 
0.9758 g 
0.9756 g 

1.1200 g 
1.1194 g 
1.1194 g 
1.1190 g 
1.1189 g 
1.1183 g 
1.1179 g 

 
From the above observations we can find out corrosion rate for all the samples Corrosion Rate calculated 

using equation (1). 
 
C.R. = 534w / (DAT)          (1) 

 
Where, w= weight loss in gm, D= density in g/cc, A = Surface area in inches sq, T = time of immersion in 

hrs, The corrosion rates has been calculated for all the samples and the results along with other specifications as 
shown in table 6 
 
Table 6: Calculation of corrosion rates 

Detail Test I Test II Test III 
Sample No C.P. AA713.0 AA713.0/MWCNT 
Corrosion Medium NaCl 3.5% NaCl 3.5% NaCl 3.5% 
Test Temperature RT RT RT 
Initial Weight(g) 1.1154 0.9766 1.1200 
Final Weight(g) 1.1152 0.9762 1.1194 
Weight Loss(g) 0.002 0.004 0.006 
Exposed time in hrs 72 72 72 
Total exposed area(inches sq) 0.86 0.8075 0.8246 
Density(g/cc) 2.6894 2.7819 2.6900 
Corrosion rate mpy 6.411 x 10-4 1.3205 x 10-3 2.0061 x 10-3 

 
Fig. 11: Comparison of corrosion rates 
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From the figure 11 we can see that there is an increase in corrosion rate in the samples AA713.0 and 
AA713.0/MWCNT which is clearly due to the decrease in resistance to corrosion with increase in % of alloying 
elements. 

 
1.15. Dry Sliding Wear: 

The cylindrical sample specimens for the test were prepared using lathe machine. The diameter of the 
specimen is 10mm as shown in figure 12 (a). Also the discs used as tracks were made up of mild steel of 
circular shape having diameter equal to 8cm as shown in figure 12 (b).Figure 12 (c) wear test setup rig used for 
the experiment. 

 
 
 
 
 
 
 

 
(a)                                                (b)                                                 (c) 

Fig. 12:Dry Sliding Wear test (a) Sample specimen (b) wear disc (c) wear test setup rig. 
 
Wear parameters to be varied during the wear test are: Normal Load and Sliding Distance. The sliding 

distance was kept constant at 1000m and the normal load was varied between 5N, 10N and 15N.  

 
Fig. 13: Plot of mass loss vs sliding distance for CP at different loads 

 
From the figure 13, we can observe that with the increase in load from 5N to 10N the mass loss has 

increased but at higher normal load of 15N the mass loss was seen to have decreased which may be due to the 
excessive strain hardening of the metal. The figure 14, showsthe variation of mass loss with distance for 
AA713.0 at constant distance of 1000m and at different loads of 5N, 10N and 15N. 

 
Fig. 14: Plot of mass loss vs. sliding distance for AA713.0 at different loads 
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From the figure 14, we can observe that with increase in load from 5N to 10N the mass loss has increased 
but at higher normal load of 15N the mass loss was seen to have decreased which may be attributed to the strain 
hardening of the metal. The figure 15, shows the variation of mass loss with distance for AA713.0/MWCNT at 
constant distance of 1000m and at different loads of 5N, 10N and 15N. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15: Plot of mass loss vs sliding distance for AA713.0/MWCNT 
 
The Figure 15, shows the mass loss vssliding distance for AA713.0/MWCNT at different loads. From the 

figure 15, we can observe that as the load increases from 5N to 10N, the mass loss decreases which may be due 
to strain hardening and then increase a bit at 15N.Next we plot the graph of different samples at a particular 
given load and compare the results as shown in the figure 16 (a,b& c),which showsmass vs sliding distance at 
5N, 10N and 15N. 

 

 
Fig. 16:(a) Plot of mass loss vs sliding distance for different samples at 5N: (b)Plot of mass loss vs sliding 

distance for different samples at 10N: (c) Plot of mass loss vs sliding distance for different samples at 
15N.From the figure 16 (a, b,& c) we can observe that the mass loss and hence wear rate has decreased 
as we add MWCNT to the Aluminum alloy. 

a b 

c 
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1.16. Potentiodynamic polarization measurements (PDP): 
The figure 17 and 18 shows the samples of the required dimensions were polished and finished upto 400 

μm and the results obtained. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 17: Samples for PDPFig. 18: Tafel Curve 
 

Table 7: Observation table for PDP test 

SAMPLES 
ẞa 
(mV/dec) 

ẞc 
(mV/dec) 

Ecorr 
(mV) 

Icorr 
(mA/cm2) 

Corrosion Rate 
(mpy) 

CP 141.32 93067 -900.56 0.0431 0.01879 
AA713.0 72.75 70.897 -1201.9 0.02344 0.01064 
AA713.0/MWCNT 106.22 76.129 -1291 0.0437 0.02123 

 
The table 7 readings were ploted and its shown in figure 19. 
 

 
 

Fig. 19: Comparison of Corrosion rates 
 
The table 7 and figure 19 shows that comparison rates of three different sample and the AA 

713.0/MWCNT corrosion rate was high compared to other two samples, which due to the addition of MWCNT. 
 
Conclusions: 

The main objective of this research work is to develop composites using AA 713.0 as matrix element and 
Multi-walled carbon nanotubes as reinforcement by usual casting route and to study the influence of 
reinforcement and crystalline nature of the composites on the mechanical, wear and corrosion properties. Multi-
walled carbon nanotubes were synthesized by simplified arc discharge method using two graphite electrodes. 
The MWNTs were purified by both physical and chemical methods. Composites contain 1.5 % MWNTs were 
processed.Multi-walled carbon nanotubes are successfully retained and dispersed uniformly in the composites 
as confirmed by the characterization techniques.The density of the 713.0/MWCNT saw a decrement of 3% 
when compared to the 713.0 base metal because of very low density of MWCNT particles. The macro hardness 
values of the alloy were seen to be increased by 3% with the incorporation of MWCNT compared to the 713.0 
base metal which may be due to the formation of Al0.985 Cu0.005 Mg0.01. There was an increment seen in the 
ductility by 15% and yield strength by 3% in the MWCNT incorporated alloy compared to the 713.0 base metal 
which may be due to the presence of Fe11.68 Zn39.32. The ultimate tensile strength of the AA713.0/MWCNT 
reduced by 24% compared to the 713.0 base metal which may again be due to the presence of Fe11.68 Zn39.32. The 
corrosion rate of the AA713.0/MWCNT increased by 51.9% compared to the 713.0 base metal which may be 
due to the addition of MWCNT. The wear rate of the AA713.0/MWCNT reduced by 60.714% compared to the 
AA713.0 base metal which may be due to the presence of MWCNT. 
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