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Abstract
Aluminium-based metal matrix nanocomposites (MMNCs) are a variety of brand-new designed items. They serve a broad 
range of applications in the automobile, aerospace, biotechnology, electronic and defence markets. MMNCs are included 
in non-aluminium matrices such as nano-Al2O3 (20–30 nm), Nano-SiC (50 nm), etc., which provide beneficial architectural 
features for base metal (AL) alloys. These include improved dimensional stability, creep resistance, abrasion resistance, and 
also excellent heat capacity. The present paper is a study on the corrosion characteristics of a MMNC and an unreinforced 
alloy (Al 7075). MMNCs have been used with nano-silicon carbide (SiC) and nano-aluminium oxide (Al2O3). The Al 7075 
series alloy is used to develop a composite with different portions of SiC (1.0, 2.0, 3.0, and 4.0%), and a hybrid composite 
with an equivalent quantity of Al2O3 and SiC has been prepared by a liquid phase technique using a stir-casting method. 
In the present work, the weight-loss approach has been carried out by immersing the sample for 96 h in various corrosion 
media, such as sulfuric acid (H2SO4), hydrochloric acid (HCl), and 3.5% sodium chloride (Nacl). The results recommend 
that hybrid demonstrates extra resistance to corrosion.
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1  Introduction

Lightweight aluminium composites are employed for many 
engineering applications because of their exceptional com-
bination of properties such as thermal conductivity, excel-
lent corrosion resistance, high toughness to volume propor-
tion, and high elasticity. Abdul-Jameel et al. [1] revealed 
the evaluation of the corrosion rate of an Al6061/zircon 
metal matrix composite in sea water. Aluminium 7075 
alloys are usually utilised in fabricating aircraft as well as 
automobile parts due to their high strength to volume ratio 
so as to produce lightweight components that conserve 
energy consumption. Al-Baaji et al. [2] carried out a test 
on the corrosion behaviour of an aluminium alloy matrix 
reinforced with alumina nanocomposite products in an 
association of two or more metals. Nunes et al. [3] studied 

the corrosion behaviour of alumina–aluminum and silicon 
carbide (SiC)–aluminum metal matrix composites. A metal 
matrix nanocomposite (MMNC) contains two elements, a 
metal matrix and a non-metallic or reinforcement material. 
Bienas et al. [4] revealed the corrosion characteristics of an 
aluminium matrix composite reinforced with SiC particles. 
During the manufacturing of the nanocomposite, the rein-
forcement and the matrix metal are combined. Liu et al. [5] 
studied the corrosion behaviour of an Al/AlNp composite 
in an alkaline solution. SiC has been used as reinforcement 
particles in the shape of fibers, particulates, and whiskers to 
enhance the commercial properties of composites [6]. The 
present study includes research work on the corrosion behav-
iour of Al 7075 matrix metal enhanced by nano-Al2O3 and 
nano-SiC [7, 8]. MMNCs are generated by using an electric 
stir-casting technique [9, 10]. Pitting deterioration tests have 
been carried out to determine the corrosion resistance of 
Al2O3 and SiC nano-reinforced Al 7075 composites in HCl, 
H2SO4 and NaCl [11, 12].
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2 � Material Selection

In the present research, Al-7075 as the matrix metal and nano-
SiC average size particles of 50 nm have been used as a rein-
forcement material. The chemical composition of the Al 7075 
Alloy is revealed in Table 1.

3 � Fabrication of Nanocomposites

Aluminium 7075 matrix selections were in the form of ignots. 
The ignots were melted using a heating system, and a mechani-
cal stirrer was placed into the liquefied metal and turned to 
produce a vortex. Nano-Al2O3 and nano-SiC powders were 
included and combined into the vortex which was mixed with 
the heating system and poured into metal moulds through 
cylindrical models to obtain 1, 2, 3 and 4%. Hybrid compos-
ites can be achieved by incorporating equal quantities of nano-
Al2O3 and nano-SiC into a graphite crucible. Pure Al 7075 is 
made from a mixture of Al2O3/SiC without having to be in a 
crucible.

4 � Specimen Preparation

The composite samples were prepared from bar castings with 
a cylindrical dimension of 20 mm × 20 mm, and the samples 
were thoroughly rubbed with different quality emery papers. 
Lastly, they were cleaned with acetone and dried.

5 � Corrosion Test

Corrosion tests were conducted at room temperature using 
a fixed weight loss method. The cylindrical-shaped samples 
were initially weighed using a digital weight balance and 
immersed in three different solutions of 0.1 mm hydrochloric 
acid (HCl), 0.1 mm sulfuric acid (H2SO4), and 3.5% sodium 
chloride (NaCl). An oven was thoroughly cleaned for 10 min 
by water with added acetone. The weight of version 4 has been 
used to determine the decimal equilibrium. The exact proce-
dure lasted for 7 days. Weight loss was determined and the 
exchanged corrosion rate expressed in mils of infiltration per 
year (mmpy). The corrosion rate was estimated using the equa-
tion: corrosion rate = 534 W/DAT, in which D is the density of 
the sampling in g/ml; A is the area of the sample (inch2),and T 
is the exposure time in hours.

5.1 � Corrosive Wear Mechanism

Corrosive wear mechanism additionally called as Oxida-
tive or chemical wear mechanism are those where chemi-
cal reactions on one or both the get in touch with a surface 
area are the controlling aspect. In this sort of system, the 
oxide layer based on the surface area as a result of chemi-
cal reaction throughout the sliding which could take place 
because of a increase in temperature level of the sliding 
surface area and also the development of the oxide layer 
is managing consider identifying the quantity loss from 
the contact surface area. Nevertheless, the product gets 
rid of from the surface area could be due on the contor-
tion devices. The contortion might take place on the oxide 
layer or in between the layers or perhaps at the unreacted 
product.

6 � Results and Discussion

Figures 1, 2, 3, 4, 5, 6 and 7 reveals the corrosion rate 
of ceramic composites with various weight portion of 
SiC composites reinforced with nano-SiC and nao-Al2O3 
particulates.

Figures 1, 2 and 3 indicate that the hybrid composite 
shows more corrosion resistance towards deterioration in 
HCl, H2SO4 and NaCl.

Figures 4, 5, 6 and 7 show that Al 7075 alloy, 2, 4% 
and (nano-Al2O3 + nano-SiC) hybrid composites are much 
more corroded by acid sulfate agent (H2SO4).

Table 1   Chemical composition 
of the Al 7075 alloy

Al7075 Zn Mg Cu Fe Cr Mn Si Ti Others Al

% Composition 5.9 2.1 1.4 0.2 0.195 0.055 0.052 0.047 0.025 Remainder
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Fig. 1   Corrosion rate of Al 7075 alloy and its nanocomposites in 
H2SO4
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6.1 � Potentiodynamic Polarization

The potentiodynamic polarization of the base matrix and 
the composites acquired in a 3.5% sodium chloride solu-
tion concerning corrosion potential (Ecorr), corrosion cur-
rent density (Icorr) and corrosion rate (mm/year) is given 
in Table 2.

6.1.1 � Potential Measurement

It is clear from Fig. 8 that, with the increases in the weight 
per cent of various reinforcement fragments, the capacity 
of the various composites with different weight portions 
of the reinforcement decreases. The preliminary decline in 
the possibility is due to the deterioration procedure which 
takes place on the surface of the compounds. It is also 
clear that the percentage variation of the SiC as reinforce-
ment causes the decline in the potential.
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Fig. 2   Corrosion rate of Al 7075 alloy and its nanocomposites in HCl
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Fig. 3   The corrosion rate of Al 7075 alloy and its nanocomposites in 
NaCl
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Fig. 4   Corrosion rate of pure Al 7075 alloy
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Fig. 5   Corrosion rate of Al 7075 + 2% nano-SiC composite
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Fig. 6   Corrosion rate of Al 7075 + 4% nano-SiC composite
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Fig. 7   Corrosion rate of Al 7075 + 4% SiC + 4% Al2O3
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6.1.2 � Corrosion Current Density (Icorr)

It is clear from Fig. 9 that the per cent variation of the SiC as 
reinforcement brings about the decrease in corrosion current 
density. It can furthermore be seen that the ceramic particles 
function as an insulator and remain inert in the deterioration 
medium throughout the examination. Consequently, the cor-
rosion current density lowers with a rise in the portion of the 
numerous reinforcement fragments.

6.1.3 � Corrosion Rate

It is clear from Fig. 10 that the corrosion rate decreases with 
a rise in the per cent of different reinforcement components. 
Much less direct exposure of the MMNCs to devastating 
atmospheres in corrosion testing created minimal match-
ing along with deterioration compared to that of the matrix 
alloy. Taking into consideration that the MMNCs provide a 
minimal surface compared to the matrix alloy, the corrosion 
rate is lower.

SiC as the ceramic product remains inert as well as being 
barely affected by the deterioration medium throughout the 
examination and is not expected to change the regeneration 
system of the substances. The results show that there is an 
improvement in deterioration resistance as the per cent of 
SiC particulates is increased in the composite, which reveals 
that the SiC particulates directly or indirectly impact the rust 
property of the compounds. SiC copes with physical chal-
lenges to the initiation along with the development of rust 
pits, as well as transforms the microstructure of the matrix 
item along with thus reducing the corrosion rate in addition 
to the potential.

From the figures, it can be seen that the ceramic reinforce-
ment parts function as an insulator along with remaining inert 
in the deterioration medium throughout the examination. There-
fore, the corrosion rate and the corrosion existing density are 
reduced with the rise in SiC intert material in the MMNCs. The 
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Fig. 8   Potential measurement for various wt% of SiC
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Fig. 9   Corrosion current density for various wt% of SiC
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Fig. 10   Corrosion rate for different wt% of SiC

Table 2   3.5% Sodium chloride 
assessed by potentio dynamic 
polarization studies

S.No Wt% of reinforce-
ment

Corrosion potential, Ecorr 
(mV vs. SCE)

Corrosion current density, 
Icorr (A/cm2)

Corrosion 
rate (mm/
year)

1 Al 7075 − 732.58 3.1325 56.22
2 1% SiC − 765.76 2.7774 50.431
3 2% SiC − 898.87 2.6324 46.982
4 3% SiC − 997.26 2.5879 45.784
5 4% SiC − 1020.9 2.4853 44.642



Journal of Bio- and Tribo-Corrosion (2018) 4:62	

1 3

Page 5 of 6  62

Fig. 11   a Pure Al 7075, b 1% SiC + 1% Mg, c 2% SiC + 1% Mg, d 3% SiC + 1% Mg, e 4% SiC + 1% Mg
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pits on the matrix alloy were many more when compared with 
those of the MMNCs. This may be as the result of the direct 
exposure of much less matrix alloy area in the MMNCs com-
pared to the matrix alloy by the improvement of reinforcement.

7 � SEM Composites After Corrosion

SEM analysis provides valuable details for metallurgical 
examination, micro-evaluation and failure assessment. Scan-
ning electron microscopy is performed at extremely high 
magnification, generating high-resolution images.

Figure  11a–e reveals the scanning electron micro-
graphs of the composite after the corrosion testing. It can 
be observed that the particles are consistently dispersed 
throughout the matrix. Pits in some areas are noticeable. 
They were smaller-sized and shallower compared to those 
on the unreinforced alloy. The presence of entrapped air, 
as well as wetness in the reinforcement particles, results in 
porosity after casting.

8 � Effect of Exposure Time

In static weight-loss deterioration examinations, Figs. 1, 2, 
3, 4, 5, 6 and 7, it can be seen that the MMNCs and the 
matrix show a decrease in corrosion rates with the increase 
in the test period at all concentrations of NaCl. It is clear 
from the figures that the corrosion resistance of the nano-
composites is greater when compared to that of the matrix 
in all three media.

8.1 � Effect of Nano‑Silicon Carbide Content

Nano-SiC reinforcement in Al 7075 alloys performs an 
important function during corrosion resistance of the prod-
uct. Increases in the weight percentage of the SiC content 
will certainly be favourable for decreasing the density as 
well as improving the strength of the composite, whereby 
the corrosion resistance is thus considerably increased. 
Aluminium-based metal matrix composites reinforced with 
nano-SiC powder can be effectively manufactured by using a 
stir-casting method. The corrosion rate of both the alloy and 
composites reduced with the increase in duration in all con-
centrations of hydrochloric acid (Hcl), sulfuric acid (H2SO4) 
and sodium chloride (Nacl) solutions. The rate of corrosion 
of the composites was much lower compared to the matrix 
alloy in all the three solutions.

9 � Conclusions

Aluminium-based 7075 MMNCs, when reinforced with 
nanoSiC weight percentages from 0 to 4% and hybrids, have 
been successfully fabricated by a liquid phase method. The 

reinforcement of nano-SiC in Al7075 alloys plays an essential 
function in the corrosion resistance of the material. The corro-
sion by weight reduction of the composite lowered with a rise 
in the weight portion of the nano-SiC reinforcement. The nor-
mality of NaCl plays a substantial function in the degeneration 
of MMNCs. The deterioration rate of the alloy, as well as the 
MMNCs, increased with a enhancement in the concentration 
of NaCl solution. The rate of corrosion of the alloy and the 
enhanced composite decreased in relation to the time period.
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