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Wear and corrosion analysis were performed on recycled aluminum alloy/rice
husk ash composites in this study. The composite was prepared by adding rice
husk ash (RHA) as reinforcement in percentages of 5, 10 and 15 to aluminum waste
cans, as the matrix. The corrosion investigations show that the RHA particles
influenced the corrosion characteristics of the composites. The susceptibility to
corrosion increases as the percentage addition of the RHA increases beyond 5%
wt. The corrosion was mitigated most at 5% wt. reinforcement, while the worst
corrosion attack occurred at the 15% wt. of RHA addition. The wear analysis
revealed that the RHA addition to the aluminum matrix improved the wear
resistance of the composites. The wear rate reduces as the percentage addition of
the RHA increases, resulting in the lowest wear rate at 15% wt. of RHA. The

improvement in the resistance to wear of the composites indicates an
enhancement in the composite’s hardness, highlighting the promising potential of
integrating RHA into aluminum alloy to promote hardness and resistance to wear.
The corrosion analysis, however, indicates that introducing RHA to the aluminum
matrix beyond 5% wt. may compromise the application of the composites in
corrosive environments unless countermeasures are incorporated.

© 2025 MIM Research Group. All rights reserved.

1. Introduction

Aluminum alloy is among the most widely used alloys for various engineering applications. Its
distinctive properties—such as a high strength-to-weight ratio, low melting point, resistance to
corrosion, recyclability, and availability—have made it highly valuable to engineers. [1-4].
However, drawbacks like warping at high temperatures, high cost, weldability issues, denting and
scratching, and machining challenges have prompted researchers to explore ways to modify
aluminum 's properties for specific applications. This has been achieved through reinforcements
with ceramic compounds like silicon carbide, boron carbide, titanium carbide, and silicon oxides
[5-7]. Some researchers have also investigated nanoparticles [8-10]. These reinforcements are
incorporated into the aluminum matrix to form aluminum matrix composites (AMCs). The
simplicity, cost-effectiveness, sustainability, and uniform properties of AMCs have attracted
considerable research interest. Studies have shown that AMCs often exhibit superior mechanical,
thermal, and wear properties compared to pure aluminum. Additional characteristics such as a low
thermal expansion coefficient, high-temperature resistance, and good corrosion resistance have
also been reported [6, 11-13]. These qualities are highly relevant for engineering applications.
Agricultural wastes are increasingly being used as reinforcements in aluminum matrices. Among
these are coconut shell ash, palm kernel shell ash, bagasse, bamboo leaf ash, melon shell ash,
groundnut shell ash, and rice husk ash [14-16]. Researchers have documented improvements in
the mechanical behavior of AMCs reinforced with agricultural wastes [16-18]. Reports on their
corrosion and wear behavior—though fewer—have also been published. Rice husk ash (RHA) is
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one of the most prominent agro-wastes gaining attention as a reinforcement for AMCs recently,
owing to its composition, which is known to enhance strength in aluminum matrices [19, 20].
Beyond mechanical properties, the wear and corrosion behavior of RHA-reinforced AMCs have also
been investigated. Notably, Alaneme et al [11] examined composites with an Al-Mg-Si matrix
reinforced with hybrids of SiC and RHA, which revealed inconsistencies in corrosion performance
at different reinforcement levels. Kanayo and Olubambi [21] found that the corrosion rate
increased as the percentage of RHA increased in Al-Mg-Si matrices. Similarly, Ononiwu et al [22]
reported that adding eggshell and fly ash reinforcements could improve corrosion resistance at a
5% reinforcement level. Gouda et al. [23] demonstrated enhanced corrosion resistance in
magnesium alloys with a 5% weight addition of eggshells. Despite these reports of improved
corrosion resistance at 5% additions of fly ash and eggshells, other findings suggest that
reinforcement addition can dismantle the protective oxide layer (Al.O3) on the surface of AMCs,
making them more susceptible to corrosion attack [22, 24-26]. The formation of intermetallic such
as manganese and iron significantly influence the electromechanical performance of AMCs, due to
their higher electrode potentials compared to aluminum [24, 27]. Variations in these potentials are
known to initiate pitting corrosion in alkaline environments. Additionally, manufacturing
processes—including machining, powder metallurgy, and stir casting—have been shown to affect
the rate of corrosion [27-29].

Efforts have been made to collect data on material properties for agro-waste-reinforced AMC, and
arelatively consistent pattern in mechanical performance has been observed. However, the results
concerning corrosion behavior are inconsistent, unlike those for mechanical properties. The
conflicting reports on the corrosion behavior of various agro-wastes reinforced AMCs make it
difficult to understand and predict their corrosion mechanisms. Therefore, further electrochemical
analysis on more agro-waste-reinforced AMCs is necessary, as it will help fulfil some essential
assessments to evaluate their performance and suitability in different environments.

The wear assessment of AMCs is very significant for tribological applications. Some researchers
have made various attempts to investigate the wear behavior of some agro-waste reinforced
composites. Kanayo and Olubambi [21] reported an increase in the wear rate of the Al-Mg-Si matrix
reinforced with RHA as the weight additions of the rice husk ash increased. The authors equally
reported a blend of adhesive and abrasive wear mechanisms in the composites as the RHA wt.%
increases. Alaneme et al [11] in a similar study on a hybrid composite using Al-Mg-Si matrix, Silicon
carbide and RHA reinforcements revealed a comparable wear resistance between the matrix and
the composite reinforced with only SiC. Another study by Abdulwahab et al [30] shows an
enhancement in the wear resistance of melon shell ash reinforced Al-7%Si-0.3%Mg composite as
the percentage of melon shell ash addition increases. In another study, Alaneme and Sanusi [31]
reinforced an aluminum matrix with graphite, alumina and rice husk ash. They reported that the
composites with graphite addition were more resistant to wear although the resistance to wear
declined as the graphite addition increased from 0.5% to 1.5%. Mishra et al [32] also reported an
enhancement in the wear resistance of aluminum alloy (LM6) reinforced with rice husk ash. Oke et
al [33] in a related study also revealed similar findings of wear resistance improvement in an AL-
Cu-based alloy reinforced with rice husk ash. Another report from Mustafa et al [34] shows that SiC
addition to aluminum matrix improved the resistance to wear and the hardness of the composite
significantly, while the RHA addition improves the wear resistance marginally compared to the
unreinforced alloy.

The reports available, as reviewed above, on the wear characteristics of AMCs are not sufficient to
determine a consistent tribological trend. Therefore, this research effort focuses on the
electromechanical behavior of a composite made from recycled aluminum alloy matrix reinforced
with rice husk ash. The production of the composite from waste aluminum cans and rice husk ash
emanated from the disposal problems these wastes constitute to the environment. The wastes are
often discarded indiscriminately and sometimes burned in the air as a means of disposal, thereby
polluting the environment and posing health hazards to humans and animals. The conversion of
these wastes to lightweight composites would find applications in automobiles for building body
panels, structures and interior components and in marine for the construction of Boat hulls,
superstructures, propeller blades and interiors. Other areas of applications include sports (Tennis
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rackets, helmets and bicycle frames), energy (wind turbine blades), and the military (armour
carriers and drones). These applications will ameliorate the problem of managing these wastes and
make the environment safer.

The tribological and electrochemical study on the composite will further improve the knowledge
base of agro-waste-reinforced AMCs and their applications in marine environments and other
environments susceptible to corrosion and mechanical degradation. This study would also guide
the selection of the appropriate reinforcement level to enhance the lifespan and reliability of the
composites.

2. Materials and Methods
2.1 Preparation of Rice Husk Ash and Aluminum Cans

The waste cans were acquired from dumpsites at different locations in Nigeria (Fig. 1 a). They were
thoroughly washed and manually crushed. The rice husk was acquired from a local rice mill,
washed to getrid of the dirt and impurities, sun-dried and then burnt in a ceramic container placed
in a furnace at 600 °C for 10 hours. The obtained ash was sieved with a 38 um sieve to obtain the
reinforcement (Fig. 1 b). The chemical composition analysis carried out on the waste cans is
presented in Table 1[35] while the X-ray fluorescent (XRF) investigation on the rice husk ash is
given in Table 2 [36].

Fig. 1. (a) Aluminum waste cans, (b) rice husk ash

Table 1. Compositional analysis of the Aluminum waste cans

Element Fe Mn Ti K Si Cu Zn Mg Cr Al Others

% Wt 0.431 0.388 0.006 0.013 0.59 0.074 0.194 2.143 0.008 96.043 0.11

Table 2. Composition of the RHA
Oxides Al 03 Si0; MgO Na;0 CaO K;20  MnO TiO; P,0s
Weight % 0.80 75.81 3.74 1.58 1.39 252 0.01 0.05 11.29

Oxides Fe;03 S Cl Zno TiO CuO Zr0; BaO ThO;
Weight % 0.87 0.56 0.23 0.05 0.03 0.01 0.01 0.11 0.01

2.2 Composite Preparation

The compressed Aluminum waste cans were loaded in a crucible and fed into a pre-heated furnace
at 500 °C. The furnace temperature was raised to 720° C and the waste cans were soaked at that
temperature for about 45 minutes for complete melting. The crucible was brought out of the
furnace, and the slags and impurities were removed from the molten aluminum. The rice husk ash
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was introduced into the molten aluminum alloy in percentages of 0%, 5%, 10%, and 15% and
reheated for 15 minutes in the furnace before pouring it into the prepared mould. The 0% is the
unreinforced (control) sample.

2.3 Wear Test

Three samples for each wear test were cut from the composites into 10mm x 30mm. They were
mounted, grinded and polished to obtain a mirror surface, after which they were weighed before
commencing the wear tests. A tribometer (RTEC Multifunctional) furnished with MFT17 software
and an alloy steel ball of diameter 6.30mm was utilized for the testing. A 20N load at a sliding speed
and distance of 3 mm/s and 3 mm, respectively, were applied for 360 seconds on the samples at
ambient temperature following the ASTM G99-95 standard. The wear surfaces were examined with
a scanning electron microscope (SEM).

2.4 Corrosion test

The samples, measured 12 mm x 4 mm each, were cut from the composites for the corrosion tests.
The samples were mounted, grinded and polished to mirror surfaces. The samples were coated
with paint, leaving about 1.00 cm? exposed to the electrolyte. The corrosive medium is a 3.5% wt.
sodium chloride at ambient temperature. Three conventional electrode cell arrangements were
used for the electrochemical measurement. The counter electrode is a platinum wire, while the
reference electrode is a non-aqueous Ag/AgCl. The potentials of the composite were determined
using a PGSTAT302N potentiostat equipped with NOVA software version 1.8. The samples were
immersed in the electrolyte for an hour to achieve a stable open-circuit potential (OCP). The
potentiodynamic potential range of -50 to +50 mV at a scan rate of 0.125 mV/s was selected for the
test. Three samples were tested for the corrosion.

3. Results and Discussion
3.1 Corrosion Analysis

3.1.1. Potentiodynamic polarization analysis

The resulting potentiodynamic polarization curve from the corrosion test is shown in Fig. 2. The
curves show distinct features at each percentage weight addition of the reinforcement. The
potentiodynamic polarization curves for the four samples gave the data presented in Table 3.

Potential (VW vs AgiCl)

Fig. 2. Potentiodynamic polarization curves of the composites

The information obtained from the polarization analysis, as shown in Table 3, revealed that adding
RHA to recycled aluminum altered the corrosion properties of the composites. The corrosion
current (Icorr), shown in Fig. 3, decreased slightly at 5% addition but rose marginally at 10% wt
and increased further at 15% wt. This indicates that higher RHA particle content leads to increased
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corrosion. The electrochemical corrosion potential (Ecorr) of pure aluminum, i.e., 0% wt, suggests
a moderate corrosion tendency, typical of aluminum alloys. The Ecorr became more negative with
5% wt addition, indicating reduced electrochemical activity on the surface of the composite.
However, at 10% wtand 15% wt, the Ecorr increased again, showing a stronger corrosion tendency
at higher reinforcement levels. The corrosion rate (mm/year), which measures material loss
caused by corrosion over time, was 1.3207 x 10™® mm/year for unreinforced aluminum. It
decreased to 1.2170 x 107* mm/year at 5% addition, then rose to 1.5068 x 10~* mm/year at 10%,
and further to 1.7180 x 107> mm/year at 15% wt, representing the highest corrosion rate observed,
as shown in Fig. 4. The corrosion rate increases as RHA addition exceeds 5% wt. Similar findings
were reported by Kanayo and Olubambi [21] and Ononiwu et al. [22].

Table 3. Potentiodynamic polarization data

%Wrt. leorr (LA/cm?) Ecorr (V) Ret (ohms) Corrosion Rate
(mm/year) x 10-3

0 1.1366 -0.78706 22854 1.3207
5 1.0473 -0.72526 30219 1.2170
10 1.2967 -0.80864 18498 1.5068
15 1.6500 -0.81905 17719 1.7180

The observed trend in corrosion behavior could be linked to variations in RHA particle content in
the aluminum matrix. Corrosion was most effectively mitigated at 5% wt, possibly due to the even
distribution of RHA particles within the matrix, which acts as a barrier to corrosion and promotes
the formation of passive oxide layers on the composite surface. At 5%, the evenly distributed RHA
might also reduce the active surface area exposed to the corrosive medium, lowering susceptibility
to corrosion and stabilizing passive oxide layers. Higher corrosion attack at 10% and 15% wt could
be due to the larger quantities of reinforcement, leading to uneven distribution, agglomeration,
interfacial defects, and porosity [14, 36]. These factors create micro-galvanic sites and crack
initiation points, disrupting the formation of passive layers and making the composites more
vulnerable to corrosion [37, 38]. Another possible reason for the increased corrosion rates at these
higher RHA percentages is the metallic content of the RHA itself. This can promote the formation
of intermetallic compounds that inhibit the protective actions of the passive layer [23, 39].

lpomn (Micro Aicm?)

0 3 10 15
% Weight additon of rice huskash

Fig. 3. Corrosion current at different weight additions of RHA

These intermetallic are often thought to form from the combination of aluminum with elements
such as Cu, Fe, Mg, Mn, Zn, and Si present in the RHA and incorporated into the aluminum matrix
during casting. Although the precise characteristics of the phases—including size, composition,
distribution, and electrochemical properties—have not been quantitatively detailed in this study,
previous research shows that they significantly influence the corrosion mechanisms of aluminum
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composites [40]. It is plausible that they act as cathodes or anodes relative to the aluminum matrix
to form micro-galvanic coupling and initiate pits and localized corrosion. Additionally, chloride ions
may preferentially concentrate near the intermetallic, potentially disrupting the uniformity of the
passive oxide film and accelerating localized attack [41, 42]. The electrochemical difference
between the aluminum matrix and the intermetallic could sustain the growth of pits once formed
[39, 40].
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Fig. 4. The corrosion rate at different weight additions of RHA

3.1.2. Scanning Electron Microscope (SEM) Examination of The Corroded Surfaces

The SEM examinations carried out on the corrosion-tested samples are presented in Fig. 5. The
surfaces demonstrate clusters of localized pitting corrosion that could be attributed to the
occurrence of localized variations in the electrochemical potentials of the composites. There were
pit formations on the surfaces of the samples, indicating that the passive film (Al203) on the
composites was insufficient to mitigate the influence of halide ions (Cl) [22, 23, 41]. There was little
pitting corrosion attack in Figs. 5 a and b, representing 0% wt. and 5% wt. respectively. There was
no evidence of major pits or deep cavities in the 5% wt (Fig. 5b) owing to strong interfacial bonding
of the RHA and the matrix, which reduces crevices and galvanic corrosion. However, more pits
could be observed in Fig. 5c and d, representing 10% wt. and 15% wt. of RHA, with signs of
aggressive attack in some areas. The pitting corrosion attack could be attributed to poor
distribution and agglomeration of RHA particles, which might have led to micro-galvanic cells
formation between the matrix and the RHA. This results in more corrosion attacks suffered by the
composites at those reinforcement additions. As revealed by the EDS, the presence of elements such
as iron, manganese, and silicon, which are known for their corrosive aggressiveness and possess a
higher electrode potential than aluminum, creates galvanic sites to initiate corrosion. The EDS of
the corroded samples also revealed the occurrence of Chlorine (Cl), Manganese (Mn), Oxygen (0),
Iron (Fe) and other elements. These elements create intermetallic compounds known to advance
corrosion attack in aluminum composites [43]. The EDS elemental mappings as shown in Fig. 5b at
the 5% wt. revealed the highest aluminum retention of 55.3 % and the lowest percentages of Cl (0.8
%) and O (1.2 %). This is an indication that the sample suffered the least corrosion attack when
compared to the other samples. The sample at the 15% wt. (Fig. 5d) has the lowest aluminum
retention of 52.9 % and the highest O and Cl content of (6.7 %) and (1.8 %) respectively. The
reduced presence of the Al suggests surface corrosion and loss of Al to form part of the corrosion
products through oxidation and pitting. The high chloride ion breaks the oxide film on the
composite’s surface, causing localized disintegration and pitting corrosion [44-46]. This sample
experienced the highest corrosion attack, as evidenced in the corrosion rates of all the samples
presented in Fig. 4. Other elements such as Fe, Si and Mn observed in the EDS spectra emanate from
the composition of the RHA. However, Na suggested residual salt deposits from NaCl. Sodium ions
predominantly aggregate in corrosion pits or on the oxide layer following the evaporation of the
electrolyte [47, 48].



Abolusoro et al. / Research on Engineering Structures & Materials x(x) (XXxx) Xx-xx

. Spectrum 7

Al
Fe

SEM WV 200 W L | T
SEM MAG: 300 L o " - = — —

. Spectrum 1
Wi% o
04
0.2

WM Y 200 WY WO 140 - :
MM MAD. 00 & [ r—e . - - - — =

. Spectrum 6
Wik o
547 05
0.2

. Spectrum 19
Wi% o
5 14

Fig. 5. SEM and EDS images of the corroded surfaces showing pitting corrosion sites, oxide
formation and the elemental compositions. (a) Sample at 0% Wt. of RHA (b) Sample at 5% Wt.
of RHA (c) Sample at 10% Wt. of RHA (d) Sample at 15% Wt. of RHA
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3.2 Wear Characteristics

The coefficient of friction and wear depth were generated by the MFTI7 software of the tribometer,
while the wear rate was calculated using equation (1) [49].

Wear volume
Wear rate (mm3/Nm) = , —— x 100 (1)
Applied force x Sliding distance

3.2.1 Coefficient of Friction and Wear

The coefficient of friction (COF) responses of the samples is shown in Fig. 6, while the average COF
of the samples is depicted in Fig. 7, and the wear rate is illustrated in Fig. 8. The responses of the
samples as presented in Fig. 6 revealed that the RHA impact the wear behavior of the composites,
especially at higher additions of reinforcements.

The average COF, as shown in Fig. 7, shows a systematic and significant decrease as the
reinforcement additions increase from the initial 5% to 15%. A drastic reduction in the COF was
noticed at 10% and 15% rice husk ash additions, representing 74% and 76% respectively, lower
than the COF of the control samples. The implication of this is that the rice husk addition behaves
as a solid lubricant, helping to lower the metal-to-metal contact, thereby decreasing friction. Rice
husk ash, as shown in Table 2, is rich in silica, which is inherently hard and could also help in
lowering the metal-to-metal contacts, resulting to wear reduction.

Table 4. Summary of the mechanical properties of the composites at different reinforcement
levels [36]

Weight % Tensile (MPa) Hardness (BHN) Impact Energy (])
0 93.0 47.0 75.0
5 101.3 52.5 77.0
10 121.6 55.5 81.5
15 111.6 70.2 96.0

The wear rate (Fig. 8) also follows the same trend as the COF. The wear rate decreases as the
percentage weight additions increase. The rice husk ash reduces the wear rate of the composite
from 5.6 x 10-* mm3Nm-! of the unreinforced alloy to 2.3 x 10-* mm3Nm-?, representing a 59%
reduction at the 15% RHA addition. This behavior could be linked to the presence of known hard
compounds in the RHA, which include MgO, Al203, CaO, TiOz, Fe;03, and SiO,. These compounds
impact the hardness of the matrix, promoting its resistance to localized plastic deformation,
thereby lowering the wear rate [33, 36]. Reduction in wear rate is usually correlated with
improvement in hardness. The wear rate reduction of the composites agreed with the earlier
reports on the enhancement of hardness and other mechanical properties of the composites, as
presented in Table 4. The inclusion of the RHA improves the surface hardness of the composites,
leading to a reduction in the real contact area and a resulting decrease in frictional force. This
translates to less adhesion and deformation during the sliding. The low wear rate obtained at
higher reinforcement addition could also be due to the reduction in adhesion and ploughing friction
of the composites. Pure aluminum alloy usually demonstrates adhesive wear and high COF as a
result of material transfer and sticking [50, 51]. The adhesion becomes minimized with the addition
of the RHA to the alloy. The RHA interrupt the matrix continuity, lowering the frictional drag and
welding, thereby reducing the wear rate [52, 53]. The RHA addition to the matrix, especially at 10%
and 15% contributed to the development of protective tribo-layers from wear debris. These layers
could serve as third-body lubricants, reducing direct asperity contact, leading to a lowering of the
COF and the wear rate.
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3.2.2 SEM and Wear Tracks Analysis

The wear tracks of the samples were studied with SEM and presented in Fig. 9. A wide range of
abrasion marks could be noticed on the surfaces of all the samples, suggesting that the material
removal processes comprise micro-cutting and microchipping. The unreinforced sample, i.e 0% wt.
shown in Fig. 9a exhibits severely scratched, fairly long and ploughing trenches resulting in a high
material removal rate, as earlier reported in section 3.2.1 and a larger plastic deformation owing
to the softer a-Al matrix. At the 5% RHA addition (Fig. 9b), the wear tracks are a little narrower
with a slight drop-in material removal rate. This indicates lower adhesive wear and a slight
enhancement in load-bearing capacity of the composite at that RHA addition. At 10% RHA addition
(Fig. 9c), fewer cracks with narrower and smoother wear tracks are noticeable. A similar scenario
could be observed at the 15% wt. in Fig. 9d, where the wear tracks remain narrower with
minimized material removal rate.

SEM HV: 200 kV

SEM MAG: 400 x

Fig. 9. SEM analysis of the wear samples showing the wear tracks and debris. (a) Sample at 0%
Wt. of RHA (b) Sample at 5% Wt. of RHA (c) Sample at 10% Wt. of RHA (d) Sample at 15% Wt.
of RHA

The morphological observation of the wear tracks generally indicates that more material removal
occurs in the unreinforced alloy than in the composites. The RHA advanced the intermetallic
particulate bonding of the composites, thereby narrowing the wear grooves along the lines of
deformation. The groove edges of the composites show little plastic deformation with shallow cuts
compared to the pure alloy. Abdulwahab et al [30] and Shanmughasundaram and Subramanian
[54] reported a similar finding.

10
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3.3 Statistical Analysis of The Corrosion and Wear Data
3.3.1. Statistical Summary

A brief statistical analysis of the corrosion and wear studies is shown in Table 5. The average
corrosion current and corrosion rate are slightly higher than those of the unreinforced alloy, while
the average COF and wear rates were found to be lower than those of the unreinforced aluminum.
These confirmed the influence of RHA on the corrosion susceptibility and wear resistance of the
composites. The standard deviations indicate low variability across the various reinforcement
levels, suggesting that the RHA influences the rate of degradation of the composites. The low
standard deviation across the measured values also demonstrates the predictability and reliability
of the performance. The small error bars indicate that the sample data are closely clustered around
the mean, suggesting good measurement reliability.

Table 5. Statistical summary of the wear and corrosion studies

Mean Standard deviation Error bar
Corrosion current 1.283 0.266 0.133
Corrosion rate 1.441 0.220 0.110
Coefficient of friction 0.323 0.212 0.111
Wear rate 3.800 1.460 0.803

3.3.2 ANOVA

Analysis of variance was used to assess the statistical significance of the mean corrosion and wear
rates for the four reinforcement levels of the RHA. The wear and corrosion rates obtained for each
reinforcement level are shown in Table 6.

Table 6. Corrosion and wear rates at different percentages of reinforcement

Wt. % 0 0 0 5 5 5
Corrosion rate
x1073 1.4011 1.3100 1.2510 1.2211 1.3020 1.1340
(mm/year)
Wear ratex1074
(mm3 Nm-1) 5.8 6.3 4.9 5.3 3.9 4.9
Wt. % 10 10 10 15 15 15
Corrosion rate
x1073 1.5067 1.4459 1.5680 1.8032 1.7142 1.6336
(mm/year)
Wear ratex1074
(mm3Nm-1) 2.8 3.1 1.8 2.6 2.2 2.1

Table 7. ANOVA for corrosion rate

Sum of squares

(SS) df MS F- Values P-Values F Critical
Between group 920.2762 1 220.2762 1290634 0.00162 4.30095
Within group 375.4802 22 17.06728
Total 595.7564 23

The ANOVA for the corrosion rate is presented in Table 7. The null hypothesis states that there is
no difference between the means of the groups, while the alternative hypothesis suggests that a
difference exists. The variance (F) between the groups is 12.90634, which exceeds 4.30095, the
critical variance (F critical), leading to the rejection of the null hypothesis. The P value is 0.000162,
which is less than 0.05, the significance level. This also indicates the rejection of the null hypothesis
and confirms that at a 95% confidence level, there is a significant difference in the corrosion rate

11
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among the various RHA reinforcement additions. This demonstrates that the RHA percentage
addition significantly influenced the corrosion properties of the composites.

The analysis of variance for the wear rate is shown in Table 8. The F value exceeds the F critical
value indicating the null hypothesis should be rejected. The probability (P) value is less than
the significant level, demonstrating that at a 95% confidence level, there is a significant
difference in the wear rate among the different RHA reinforcement additions. This further
suggests that the percentage weight additions of RHA equally influence the wear behavior of
the composites significantly.

Table 8. ANOVA for wear rate

Sum of
squares (SS)
Between group 81.77042 1 81.77042 4.471559 0.046027 4.30095
Within group 402.3092 22 18.28678
Total 484.0796 23

df MS F- Values P-Values F Critical

3.4 Wear vs Corrosion Performance

The improvement in wear resistance of the composite highlights the importance of incorporating
RHA into the aluminum matrix. However, the decrease in corrosion performance of the composites
at higher RHA additions could limit their suitability in corrosive environments. The 5% wt. addition
of RHA enhances both wear and corrosion resistance and could be the ideal choice for applications
requiring significant resistance to electromechanical degradation. Introducing RHA into the
aluminum matrix beyond 5% wt. would improve mechanical properties and wear resistance, but
where corrosion attack becomes a concern, measures such as inhibitors and coatings can be added
to achieve a balance.

3.5 Sustainability and economic impact

The utilization of RHA as reinforcement on recycled aluminum alloys to produce composites offers
notable environmental and economic benefits. The aluminum waste cans employed in this study
are considerably cheaper than primary aluminum, owing to the lesser energy required for
remelting. The rice husk is an abundant and cheaper agro-industrial by-product requiring minimal
processing. Reinforcing an aluminum matrix with 5-15 wt.% of RHA can proportionally reduce
material costs, thereby saving a significant amount of money in large-scale production and possibly
offering incentives for waste diversion. Environmental impact is significantly reduced because
recycling aluminum requires less processing energy. Moreover, the demand for rice husk ash in
this process prevents the waste from being burnt or landfilled, thereby encouraging circular
resource use and reducing methane and other harmful particulate emissions into the atmosphere.
The availability and low cost of these materials make their use sustainable.

3.6. Limitations and Future Perspectives

The potentiodynamic test used in this study provides short-term accelerated corrosion data with a
simulated electrolyte. The results may not fully represent the real-world corrosion performance of
the composites. Also, the study could not include phase analysis of the corroded surfaces through
XRD. The wear test used a simplified contact geometry and controlled loading in a dry and non-
representative environment, overlooking complex wear modes, debris effects, lubrication and
corrosion.

Future research should examine a long-term corrosion assessment of the composites. Fatigue
corrosion interaction and phase analysis using XRD could also be explored for a better
understanding of the durability of the RHA-reinforced composites. Tribocorrosion study of the
composite in future research would better reveal the electromechanical degradation mechanism.
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4. Conclusion

The study of the corrosion and wear characteristics of the composite made from recycled aluminum
alloy matrix with RHA as reinforcement gave the following conclusion.

e The composites demonstrate higher corrosion rates than the unreinforced alloy, except at
5% RHA addition, where the least corrosion rate of 1.2170 x10™3 mm/year occurred. The
corrosion attack was more severe at higher RHA additions, with the 10% additions having a
corrosion rate of 1.5068 x10~* mm/year while the 15% addition had 1.7180 x103 mm /year.
The improvement in corrosion at 5% RHA addition could be due to the evenly dispersed RHA
in the matrix, which acts as a barrier to corrosion attack. The RHA reduces the active surface
area of the composites exposed to the corrosive medium, thereby lowering the corrosion
susceptibility. It also enhances the formation and stabilization of the passive oxide layers,
which inhibit corrosion attack. However, at 10% and 15% RHA additions, inhomogeneous
spread of the RHA particle, agglomeration, interfacial defects, and porosity might have
occurred. These create micro-galvanic sites and initiate crack points, which disrupt the
formation of passive layers on the composite's surfaces, making them more susceptible to
corrosion attack. The increase in elements such as iron, magnesium, and silicon in the
composites occasioned by high volume addition of the RHA could also advance corrosion
attack. These elements inhibit the protective passive layer covering the composites due to
their higher electrochemical potential than the pure aluminum. The SEM analysis generally
revealed localized pitting corrosion attack, while the EDS of the samples shows the
occurrence of Iron, Oxygen and Chlorine, among others, which are known elements
accountable for corrosion attack in composites of Aluminum.

o The corrosion rates observed for the composites are relatively low in absolute terms;
however, they are substantial enough to influence their suitability for certain industrial
applications, particularly in environments that demand durability. Introducing RHA into the
aluminum matrix beyond 5% wt. may reduce the utility of the composites in corrosive
environments unless measures such as inhibitors and coatings are employed as
countermeasures.

e The introduction of the RHA particles to the aluminum matrix improves the wear resistance
considerably, as the COF and wear rates were found to be lower than those of the pure alloy.
The wear rate decreases as the percentage addition of the RHA to the matrix increases. This
leads to the lowest wear rate of 2.3 x 10-4 mm3/ Nm occurring at the 15% wt. whereas the
highest wear rate of 5.6 x 10-* mm3/ Nm was obtained at the unreinforced alloy. The hard
metallic contents of the RHA promote interfacial bonding with the matrix, leading to better
hardness and more resistance to plastic deformation and wear. The RHA contributed to the
development of protective tribo-layers from wear debris. These layers could act as third-
body lubricants, reducing direct asperity contact, thereby lowering the COF and the wear
rate.

o The better resistance to wear demonstrated by the composites over the unreinforced alloy
highlights the great prospect of incorporating RHA into aluminum alloys to improve
hardness and resistance to mechanical degradation.

o The statistical analysis of the wear and corrosion rates demonstrates that the RHA additions
to the matrix significantly influence the electromechanical behavior of the composites.

e The outcome of this study could help establish the optimal additive concentrations of RHA in
aluminum alloys, which would enhance the durability, safety, and performance of the
composites. The corrosion and wear data obtained could support further experimental and
computational investigations.
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