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Abstract: Durability in terms of life is intended as a significant factor in developing advanced 
materials. The enrichment in corrosion resistance of the produced progressive material can be the 
solution. In the current study, a nanocomposite of aluminum 6061 and cerium oxide was prepared 
with a stir casting route reinforced in the range of 1-3 wt.%. The corrosion and microstructural 
behavior were observed under parametric conditions. The exposure time (36-180 hours), 
temperatures (room temperature, 45 ºC, and 75 ºC), and 2.5 wt.% of Sodium chloride (NaCl) and 
Sulphuric acid (H2So4) solutions were chosen as parameters for examining the corrosion rate using 
the immersion test method. The lower corrosion resistance was noticed in aluminum metal matrix 
nanocomposites (AlMMNCs) reinforced with 3 wt.% of CeO2. The SEM analysis concluded voids, 
holes, clustering of particles, and debris kind of defects were observed in stir casting of AlMMNCs 
samples. The Pitting, fretting, and grain boundary corrosions were the primary degradation factors 
for corrosion behavior as evaluated from microstructural characteristics. The 0.116 has been 
observed as a significant corrosion rate in mm potential per year after 180 hours as exposure time at 
75ºC in 2.5 wt.% NaCl solution.  

Keywords: Al-6061, cerium oxide, stir casting, immersion test, morphology, corrosion. 

1. Introduction

The use of aluminum and alloys has been considered
the primary material for military and civilian aircraft 
construction of body structures since the Second World 
War. Other uses for aluminum-based materials are found 
in the automotive, aerospace, and transportation sectors 1). 
The lower density, combined with the higher strength and 
stiffness, is a major reason for choosing aluminum as the 
working material over monolithic materials. Nowadays, 
this aluminum and alloys are being replaced by metal 
matrix composites (MMCs). In an MMC, a brace or two 
is added to an aluminum matrix, creating a new material 
that has greater strength, stiffness, lower density, and 
higher corrosion resistance2). The composite with one 
nano-reinforcement is called aluminum metal matrix 
nano-composites (AlMMNCs), while the composite with 
two or more reinforcements added to the aluminum as the 
matrix material is called hybrid aluminum metal matrix 
nano-composites (HAlMMNCs)3). The lightweight 
structures and automotive components were the uses of 
such advanced aluminum-based composites in different 
corroding environments. The corrosion investigation is a 
significant parameter for accessing potential applications 
of hybrid composites to structural and component 
manufacturing in various industries4). 

A lot of research was carried out on the physical, 
mechanical, and tribological behavior of AlMMNCs, 
however, the study of corrosion behavior as metallurgical 
characteristics has to be explored so far. The corrosion 
may be accelerated due to the interaction of reinforcement 
particles with matrix material in physical, chemical, and 
electrochemical forms5–7). The galvanic interaction of 
reinforcement and matrix also causes to increase in 
material loss and corrosion of the composite. The rapid 
penetration of reinforcement and matrix caused 
preferential corrosion along the interfacial region in 
MMCs. These difficulties can be prevented in AlMMNCs 
compared to monolithic alloys and enhance the corrosion 
resistance of fabricated AlMMNCs8). The cracks, pit holes, 
and inhomogeneities can be arises in the composites, 
which tends to result in a decrement in load-bearing 
capacity and catastrophic failure of the material. These 
defects present in composites limits the application in a 
corrosive environment under the existence of stress9). 

The previous findings focused on pitting potential and 
excavation morphology when performing corrosion tests 
in exposure to Nacl solution10). Authors also observed 
crater and holes initiates due to reinforcements in the 
matrix and this could be the reason for pits generation in 
the composites compared to monolithic alloys11). Baig 
et.al. concluded that the low volume fraction of Al2O3 as 
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reinforcement increases the corrosion resistance of 
MMCs12). The di-anodic reaction method was used for the 
improvement of corrosion resistance by Anaee et al13). The 
corrosion occurred at two regions of the composite 
materials; a region next to the intermetallic area and a 
dendritic structure around the pitting region. There was no 
galvanic corrosion happens between the SiC and Al-
matrix. Further pitting potential was not affected by 
reinforcement particulates in fabrication of AlMMCs 
using stir casting process14). The current study investigates 
the corrosion behavior of Al-cerium oxide (CeO2) MMCs 
immersed in (1 – 3.5 wt.%) NaCl and H2So4 solution at 
elevated and ambient temperatures. The composite of Al-
CeO2 was prepared using stir casting route reinforced with 
(1-3 wt.%) of CeO2 as rare earth particulates (REPs). The 
influence of REPs nano size and weight percentage on the 
corrosion characteristics was broadly examined.  

 
2. Material and methods 

The aluminum alloy 6061 was used as raw material 
reinforced with nano CeO2 in 1, 2, and 3 weight 
percentage thru stir casting technique. The Al-6061 was 
received plate form having size of 150 mm x 50 mm x 10 
mm and this was converted into 30 mm x 20 mm x 10 mm. 
The composition was tested and constituents were 
mentioned in table1. The CeO2 nanoparticle was used as 
reinforcement with 99.9 % purity level and 2 to 4 nm in 
size as provided by NRL (Nano Research laboratory) 
Jamshedpur-INDIA. The 3670 ºC and 2.3 g/cm3 were the 
melting temperature and density of the REPs, respectively.  

The monolithic alloy was prepared into ingots 30 mm x 
20 mm x 10 mm using power hacksaw and then 
superheated in an electric furnace at 820 °C. To remove 
the moisture contents from the nano CeO2, the nano-filler 
was preheated at 300 °C. The Al-6061 alloy was converted 
into molten metal at superheating temperature and then 
furnace temperature was maintained at 750 °C. The vortex 
was created with help of diamond coated stirrer. After 
obtaining the appropriate vortex, the reinforcement 
percentage was added in the liquid pool and stirring action 
was done at 300 rpm for 10 minutes. To ensure proper 
dispersion, the stirring speed was increased and decreased 
between 300 to 200 rpm respectively for 10 minutes. To 
enhance the wettability, 2 % magnesium powder was 
added in the molten metal. After proper mixing of 
reinforcement and magnesium in the liquid pool then 
pouring was done in steel mould and allowed to cool at 
room temperature. The casted samples were withdrawn 
from the steel mould carefully and prepare the samples for 
testing. The metallurgical behavior of the casted and 
corroded specimens was examined with the help of 
scanning electron microscopy (SEM) present in IIC 
Centre (Physics department), NIT, Kurukshetra.  

 

 

Figure 1: Graphical form of Stir cast Al-CeO2 nano-

composite process 

 

3. Characterization and testing 

3.1  Density 

Before testing the density of the specimens, they were 
grounded on abrasive rotating discs of grit size up to 1500 
underwater. Then the polishing was done with 2 µm Al2O3 
paste and after that, the specimens were cleaned using 
acetone15). The Archimedes principle was used to 
calculate the density of the prepared specimens. The 
ASTM B311-08 standard was followed to investigate the 
density of AlMMNCs16). The rule of the mixture was 
utilized for calculating the theoretical densities of the 
AlMMNCs specimens. The round-shaped specimens were 
weighed one by one in the air (wa), then submerged under 
de-ionized water and weighed again (wd). The 
experimental density was calculated using the equation 
(1): 

 
𝜌𝜌𝑒𝑒 =  

𝑤𝑤𝑎𝑎
(𝑤𝑤𝑎𝑎 −  𝑤𝑤𝑑𝑑)𝘹𝘹 𝜌𝜌𝑑𝑑 (1) 

Where experimental density was denoted by ρe, wa and 
wd are the weights of specimens in air and under de-
ionized water in grams. The density of the de-ionized 
water was denoted by ρd. The digital weighing machine 
with an accuracy of 10-4 grams was used for the weight 
measurement of the specimens.  

 
3.2 Corrosion test 

The corrosion test was carried out at three temperatures, 
characteristically, ambient temperatures, 45, and 75 ºC 
under static conditions. The mass loss was observed to 
measure the corrosion rate of stir-cast Al-CeO2 nano-
composite using the digital weighing machine. The 
specimens were weighed before and after immersion in 
NaCl and H2So4 solutions. Three replicates for each 
sample were used for each corrosion test to get the mean 
value of corrosion rate. The total duration of the 
specimen’s immersion in solutions is 180 hours. The 
weight of the specimen after immersion was measured 
after a time interval of 36 hours, for example (the 
immersed weight of the specimen after drying later on at 
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36, 72, 108, 144, and 180 hours respectively). The mass 
loss of the specimens was then transformed into corrosion 
rate which was stated in terms of mm penetration per year. 
The SEM analysis was done of the corroded AlMMNCs 
surfaces. The 2.5 wt.% static aqueous solutions of NaCl 
and H2So4 were used for corrosion tests. In order to 
prevent crevice corrosion, a plastic string was wound on 
the AlMMNCs specimen and then immersed in the 
solutions. The ASTM G31 standard was followed to 
evaluate the corrosion rate by use of mass loss 
measurement. The 20 x 20 x 5 mm specimen size was 
prepared for corrosion test. The Al-CeO2 nano-composite 
specimens were ground to 1500 grits on abrasive discs and 
then cleaned with de-ionized water and methanol, dried 
afterward, and then immersed in the aqueous solutions of 
NaCl and H2So4. 

The electric heater was used to prepare the NaCl and 
H2So4 solution for the accelerated test or to obtain the 
elevated temperature of the solutions for corrosion tests. 
The aqueous solutions were heated to 45 ± 5 ºC and 75 ± 
5 ºC after that the specimens were immersed in the heated 
solutions and covered the vessel with glass to avoid 
evaporation. From the mass loss, the corrosion rate (COR) 
was examined with the use of equation (2) as mentioned 
below:  
 

COR = 𝑄𝑄 𝘹𝘹 𝑀𝑀
𝑎𝑎 𝘹𝘹 𝜌𝜌 𝘹𝘹 𝐸𝐸𝑡𝑡

 (2) 

Where corrosion rate is denoted by COR in (mm/year), Q 
is constant (8.766 x 104), M as mass loss in (mg), a is the 
area of the specimen in cm2, the ρ is the density of the 
specimen in (g/cm3), and Et is exposure time in (hours) to 
the nearest value of 0.01 hours. 
 
4. Results and discussion 

4.1. Density of AlMMNCs 

Figure 2 shows the experimental values of densities of 
fabricated AlMMNCs with different weight percentages 
of nano-size REPs. The lower densities were observed in 
the AlMMNCs compared to Al-6061 alloy. The 
AlMMNCs revealed experimental densities of about 98-
99% of the theoretical densities. The 2.704, 2.698, and 
2.695 g/cm3 were noticed as densities of Al-CeO2 nano-
composite reinforced in 1, 2, and 3 wt. %, respectively. 
The as-casted Al-6061 alloy has a density of 2.71 g/cm3. 
The increase of CeO2 % weight decreases the density of 
the AlMMNCs samples. The results indicate that a 

reduction of densities is observed at a rate of strengthening 
of AlMMNCs. The effective density 2.5304 g/cm3 was 
observed in as-cast Al-8090 alloys, while a lower value 
2.5120 g/cm3 of density was found in the Al-8090/2-
percent SiC/6-percent B4C alloys in HAMMCs17). 

 

  

Figure 2: Shows the densities AlMMNCs reinforced with 

different wt.% 

 
The increasing percentage weights from the grain-

refiners and modification in the LM25 alloy increased the 
density of composite materials 18). Jatinder Kumar et.al 
produced the stir cast AMCs reinforced with silicon 
carbide (SiC) and molybdenum (Mo). The results revealed 
that the densities of the fabricated samples were enhanced 
with volume percent of the reinforcements in the AMCs 
samples 19).  Following the trends of previous findings, 
the higher densities of reinforcement results in the 
increment of densities for fabricated MMCs19s–21). 
However, the cerium oxide has low density compared to 
Al-6061 alloy, so the fabricated AlMMNCs samples 
possess low densities compared to monolithic alloy.  

 
4.2 Microstructural characteristics of stir-casted 

AlMMNCs 

Figure 3 (a-d) shows the SEM analysis of AlMMNCs 
with CeO2 at 0, 1, 2, and 3 wt.%. some defects were 
observed after the stir casting in the composite material. 
The presence of CeO2 was shown as white region in figure 
3 (b-d). Figure 3 (a) shows deformation on the surface of 
as-casted Al-6061 alloy. Figure 3 (b) represents some 
voids and inhomogeneities of the REPs in Al-6061 alloy. 
Some  
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Figure 3 (a-d): SEM analysis of AlMMNCs with CeO2 at (0-3) wt.% 

 
dentritics structures and clustreing of particles were 

noticed in figure (c). The proper mixing of reinforcement 
in the matrix material and fine grain refinement were 
observed in figure 3(d). The nano reinforcement enhances 
the densities of the AlMMNCs samples. The uniform 
dispersion led to enhancing the mechanical and 
metallurgical properties of the fabricated samples. The 
enhancement in the mechanical was directly proportional 
to the increment in the weight fraction of the prepared 
specimens 23,24). Shuvho et al. observed the microstructure 
behavior of the aluminum hybrid metal matrix composites 
with Al2O3, TiO2, and SiC as reinforcement. The casting 
defects such as; voids, cracks, agglomeration of 
reinforcement particles and porosity were observed in the 
microstructure images25,26).  

The microstructural investigation of AMMCs 
reinforced with carbon nanotubes (CNT), Al2O3, and SiO2 

in Al-matrix was done. The nearly identical grain size of 
the Al2O3 and CNT reinforced composite were observed 
from SEM images. The AMMC sample with pure 
aluminum gave the effective particle grain size fabricated 
with spark plasma sintering. The coarser SiO2 particles 
present in AMMCs possess less grain refinement as 
compared to other composites reinforced with CNT and 
Al2O3. The addition of ceramic particles below the 
particular dimension of particles results in enhancement 
of grain refinement. The mean grain refinement size of 14 
and 10 μm were measure in Al2O3 and CNT 
reinforcements, respectively, however the 34 μm mean 
grain refinement size was observed with SiO2 reinforced 

in fabricated composites. In addition to the grain 
refinement, the vibrant bi-modal structure arises with 
coarse grainsize of SiO2 and supplementary equiangular 
microstructure was produced due to Al2O3 and CNT 
reinforcements in AMMCs27). Daly et al. fabricated the 
Al-Sic MMC using stir casting method. The evaluation of 
microstructural characteristics was done with SEM 
images. The development of good interface between the 
matrix and reinforced material was observed after the 
SEM analysis. There is no porosity was found in the 
fabricated composite when we analysis up to nano-scaled 
level. The author also confirms the proper wettability and 
uniform distribution of particles in the composites due to 
finest size of the crystals of aluminum and silicon carbide 
in AMMCs. The mechanical properties were also 
enhanced in the fabricated composites, which confirms 
the strong interface developed in the AMMCs 
samples28,29). The homogenous dispersion was noticed 
with Sic particles in aluminum matrix composite. The 
excellent and uniform dispersion of reinforcement 
particles also enhanced the mechanical and physical 
properties of the composite. The higher the weight 
percentage of Sic nanofiller in aluminum displays the 
improved dispersion of matrix and reinforcement particles 
without agglomeration of the particles in fabricated Al-
SiC composites30). 

 
4.3. Corrosion behavior of AlMMNCs  

Figure 4 (a and b) represent the variation in the 
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corrosion rate of AlMMNCs samples under 2.5 wt.% 
NaCl and H2So4 solutions at ambient temperature with 
exposure time. The AMMCs reinforced with wt.% of 
CeO2 exhibited better corrosion resistance compared to 
monolithic Al-6061 alloy during the immersion test for 
both the aqueous solutions. So, it has been noticed that the 
corrosion resistance was enhanced with an increment in 
the weight percentage of the reinforcements. The nano-
size of the reinforcement was also found significant in 
reducing the corrosion rate of the AlMMNCs. However, it 
has also been observed during the corrosion test of the Al-
6061 alloy that the corrosion resistance decreased with the 
increment in exposure time. Now the phenomenon of 
decrement in corrosion resistance with an increase in 
exposure time has been changed in AMMCs specimen 
which indicates the anodic stabilization of AlMMNCs. 
The corrosion behavior of Al-B4C metal matrix composite 
was carried out in 3.15 wt.% of NaCl solution. The study 
concluded that after the immersion test, some defects were 
created on subsurface of the composite specimen. The 
lower oxidation rate was observed in Al-B4C specimens 
compared to aluminum alloy8). Similarly, the polarization 
behavior of Al- B4C was evaluated in 0.5 M Na2SO4 
solution. The B4C reinforced AMMCs samples found 10% 
higher corrosion resistance compared to monolithic Al-
alloy8). Liaqat Ali Shah et al. analyze the corrosion 
resistance of Al-based MMCs reinforced with TiB2 
particles using Tafel polarization in 3.5 wt.% NaCl 
solution. The increment in corrosion resistance was 
recorded as the reinforcement wt.% is increased in 
AMMCs 31). The comparative analysis of corrosion in Al-
Al2O3 and Al-SiC MMCs using anodization and 
immersion test in cerium oxide32). The surface treatment 

enhanced the corrosion resistance in both the MMCs, but 
Al2O3 particles achieved better corrosion resistance 
compared to SiC particles. However, the low pitting 
corrosion was also observed in Al-Al2O3 samples 
compared to Al-SiC MMCs33). Singh et. al. fabricated the 
MMC of Al-Cr using stir casting technique and analyzed 
the corrosion behavior on fabricated AMMCs samples. 
The electrochemical impedance spectroscopy technique 
had utilized in the presence of 0.5M H2SO4 solution for 
corrosion characteristics of the developed MMCs. The 
corrosion rate was enhanced by reinforcing the Cr particle 
to the pure Al-alloy. Further, corrosion resistance 
comparison had also made between MMCs reinforced 
with nano and micro-Cr particle to Al matrix. The anti-
corrosion potential quality of Cr particles in matrix 
material enhances the corrosion resistance characteristic 
in the fabricated composites34). The MMCs with nano-
particle filler shows the better corrosion resistance 
compared to micro-filler particles. In general terms, the Cr 
with nano-filler has advanced shielding phenomenon 
under corroded environment compared to monolithic Al-
alloys as well as micro -filler reinforcement MMCs35). 
Following the same trends, the current study observed the 
intermetallic due to reaction results of Al-6061 and CeO2 
particulates. Thus, an optimistic advantage can be seen in 
the corrosion resistance of the prepared composite due to 
the discontinuity of aluminum matrix alloy or the addition 
of nano CeO2 in the matrix material in the stir casting 
process. Furthermore, the decrement was recorded in mass 
loss of the ALMMNCs in static 2.5 wt.% of NaCl and 
H2So4 solutions with a decrement in particle size or nano 
-size. 

 

 

Figure 4 (a and b): COR of AlMMNCs samples at room temperature in aqueous solutions 
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Figure 5 (a and b): COR of AlMMNCs samples at 45 °C in aqueous solutions 

 
Figure 6 (a and b): COR of AlMMNCs samples at 75°C in aqueous solutions 

 
Figures 5 (a and b) and 6 (a and b) show the corrosion rate 
variation of AlMMNCs specimens after exposure of 36 to 
180 hours, immersed in 2.5 wt.% of NaCl and H2So4 
solutions, at 45 and 75 °C respectively. The results of the 
immersion test at room and elevated temperature show 
that a higher corrosion rate was achieved with H2So4 
solutions compared to NaCl. However, results compared 
to the matrix material, a lower corrosion rate was observed 
in AlMMNCs compared to monolithic alloy. The 
decrement in the corrosion rate was noted with an 
increment in the weight percentage of the CeO2 
particulates in prepared AlMMNCs.  A linear increment 
was noticed in the corrosion rate as exposure time and the 
temperatures were increased during immersion testing of 
fabricated composites.  
 
4.4 Morphology of corroded AlMMNCs surface 

The corroded surfaces of Al-6061 alloy and AlMMNCs 
reinforced with 1-3 wt.% of Cerium oxide were 
represented in figure 7 (a, b, c, and d) after SEM analysis. 
The immersion test was performed under 2.5 wt.% of 
NaCl and H2So4 solutions after 36 h, 72h, and 180h as 
exposure time at room temperature, 45°C, and 75°C. 
Severe damage was found on Al-6061 and AlMMNCs 
surfaces. The large pitting defects in the NaCl medium 
were produced on the Al-6061 surface as shown in figure 
7(a) and were seen by physical examination also. 
However, Al-CeO2 composite with 3 wt.% of 
reinforcement exhibits a reduced amount of damage under 
NaCl solution compared to the monolithic matrix material 
as shown in figure 7(b).  The cracks and pitting corrosion 

behavior was noticed in AlMMNCs specimen under NaCl 
solution at room temperature after 72 hours of exposure 
time. Figure 7(c) represents the severe degradation on the 
surfaces of AlMMNCs specimen reinforced with 3 wt.% 
in an H2So4 medium at room temperature after 72 hours 
of exposure time. After 72 hours of exposure time the 
corrosion behavior was noticed as cracks, voids and 
dimples in the AlMMNCs specimen as confirmed by SEM 
analysis. The clustering of reinforcement particles was 
seen in AlMMNCs specimens in H2So4 solution at 75°C 
after 72 hours of exposure time as represented in figure 
7(d). This is because of disturbed grain boundaries and 
results in microstructural changes as the corrosion effect.  
In addition to clustering, pitting defects also occurred due 
to the non-uniform distribution of reinforcement particles. 
Magnified SEM micrographs also confirm the pitting 
behavior in the agglomerated region of the fabricated 
AlMMNCs. The corrosion rate was more affected by 
H2So4 solution compared to NaCl at elevated temperature 
of 75°C. The CeO2 as rare earth oxide remains slugged 
into matrix material during immersion in NaCl solution 
and being less anodic, was the reason for being more 
corrosion resistive than immersed in H2So4 medium. 
Although, fewer pits were observed with increment in the 
addition of nano-sized REPs in the Al-6061 alloy. The 
investigation also confirms the formation of grain 
boundary corrosion in fabricated nanocomposite as shown 
in figure 7(d). The reinforcement particles restrain this 
behavior to a certain limit with increment in addition of 
CeO2 particulates but cannot be able to eliminate. 

Figures (4, 5, and 6) also shows that the surface 
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degradation is higher with heated aqueous solutions for 
both pure Al-6061 alloy and nano AlMMCs. However, 
AlMMNCs possess higher corrosion resistance compared 
to the monolithic matrix alloy with an increase in the 
exposure period. The size and number of pits in per unit 
area were observed for incremented temperature and 
immersion in 2.5 wt.% of NaCl and H2So4 solutions. The 
corrosion behavior of AlMMNCs influenced by several 
aspects; processing methods; kind and characteristics of 
matrix materials; shape, size, weight / volume percentage 
of reinforcements; type of corrosive solutions, and 
environmental circumstances36). Dogan Semsek 
performed the corrosion test in NaCl and H2So4 solution 
for AMCs reinforced with ZrO2 and graphite. The pitting 
and fretting corrosion were observed as main degradation 
effect on the surfaces during tests. The NaCl solution was 
found to be better corrosion resistance compared to H2So4 

solution37). The influence of corrosion in Al-SiC MMCs 
led to development of interphases between aluminum and 
silicon carbide, which causes voids and cracks on the 
MMCs surface3). Sunday Aribo et. al. prepared stir cast 
composite of Al6063 reinforced with SiC and snail-shell-

Ash (SSA) and performed the corrosion tests. The results 
revealed that increment in the reinforcement percentage 
increases the hardness of the MMCs. The higher the 
hardness of the MMCs led to enhancement in corrosive 
resistance of the hybrid MMC samples38). Bodunrin et. al. 
investigated the influence of corrosion behavior of Al-
6063/SiCp MMCs in 0.3M H2So4 and 2.5 wt.% of NaCl 
solutions. The SiCp presence in the aluminum alloy gives 
the superior corrosion resistance in NaCl solution 
compared to H2So4. Furthermore, the corrosion resistance 
was significantly enhanced with thermomechanical 
treatment of the MMCs in H2So4 solution39). In current 
study, the interfacing of matrix and reinforcements plays 
the vital role in fabrication of AlMMNCs samples. 
Stronger the interfacial bonding, higher the corrosion 
resistance capability of the produced hybrid 
nanocomposite. The improvement corrosive resistance 
was noticed in Al-6061-3wt.% CeO2 HMMCs which is 
the consequence of strong interfacial bonding and uniform 
distribution of matrix and reinforcement particulates in the 
AlMMNCs.  

 
 

 

Figure 7 (a-d): (a) Corroded surfaces of Al-6061 alloy immersed in NaCl solution at room temperature,  

(b) Corroded surfaces of Al-6061/3wt.% CeO2 immersed in NaCl solution at room temperature after 72 h exposure time, (c) 

Corroded surfaces of Al-6061/3wt.% CeO2 immersed in H2So4 solution at room temperature after 72 h exposure time, (d) Corroded 

surfaces of Al-6061/3wt.% CeO2 immersed in H2So4 solution at 75°C after 72 h exposure time. 
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4.5 Mechanism controlling the corrosion Behavior  

The primary factor for the occurrence of corrosion in 
the material is in the form of pitting corrosion. Initiation, 
propagation, and perforation are the three stages in pitting 
corrosion which ultimately led to formation of dimples, 
cracks, and voids in the composite surfaces37). The second 
factor was fretting corrosion, which produces the corroded 
surfaces and material loss in the MMCs40). The pitting and 
fretting corrosion can be prevented by adopting good 
design of the component. Reinforcement particles like 
SiO2, Al2O3, SiC and CeO2 decreases corrosion rates in 
AlMMCs, but corrosion rates are increased in high 
temperatures as compared with monolithic alloys41–43). 
However, the improvement of corrosion resistance was 
observed in AlMMNCs when the addition of nano-sized 
reinforcement particles was made to the monolithic alloy 
44–46). The sample should have less stress concentration 
under controlled environmental condition47). The less 
bends and tensile stress in the sample reduces stress 
concentration in the component and avoiding chloride 
solution gives better and healthy environment and thus 
reduces the corrosion rate of the AlMMCs48). Another 
behavior of corrosion was in the form of erosion of the 
material, which causes due to electrochemical action of 
the aqueous solution49). The erosion can be prevented by 
making the material erosion resistant. The easy draining 
and cleaning of the components can make the material 
more erosion resistant50). The energy activation of matrix 
and reinforcement particulates also leads to corrosion 
which causes due to immersion in heated aqueous solution. 
The corrosion was occurring in the form of thermal 
softening and melting of the material51). Higher the energy 
activation, higher will be the corrosion rate in the 
AlMMNCs52). The electroplating and coating mechanism 
on composite surface with non-corrosive material reduces 
the chance of energy activation in the presence of heated 
aqueous solutions53). This can be concluded that these 
mechanisms can minimize and prevent the corrosion rate 
up to an extent but could not eliminate completely in the 
AlMMNCs surface under serve environmental conditions. 
 
5. Conclusions 

The following conclusions are drawn after analyzing 
the results as mentioned below: 
• The as-cast and nanocomposite samples has 

been fabricated with (1 to 3) wt.% of CeO2 using the stir 
casting technique. 
• The corrosion behavior of Al-6061 alloy 

(unreinforced) and AlMMNCs (reinforced with CeO2) has 
been observed at different temperatures (room 
temperature, 45ºC, and 75ºC) and exposure time (36-180 
hours) in 2.5 wt.% of NaCl and H2So4 solutions. 
• The lower corrosion resistance was observed in 

fabricated AlMMNCs samples compared to monolithic 
alloy (Al-6061) under all parametric conditions. 

• The increment in the reinforcement increases 
the corrosion resistance of the prepared nanocomposites. 
The nano-sized reinforcement particulates in addition to 
increment in exposure time and temperature of the 
aqueous solutions also decreases the corrosion rate of the 
AlMMNCs.    
• The 0.116 has been observed as significant 

corrosion rate in mm potential per year after 180 hours as 
exposure time at 75ºC in 2.5 wt.% NaCl solution. The 
intermetallic bonding of the reinforcement with matrix 
material is the reason for this enhancement of corrosivity 
of the prepared aluminum nanocomposites with 3 wt.% 
CeO2. 
• The electroplating and coating of anti-corrosive 

materials, less energy activation and anodic reaction were 
the controlling mechanism for the prevention of corrosion 
behavior in AlMMNCs.  
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