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ABSTRACT

Corrosion in aircraft materials, particularly in wing structures, poses significant challenges to maintenance, especially
in environments containing sea air. This study analyzes the corrosion rate on the upper wing of a Cessna 420, made of
Aluminum Alloy 2024-T3, using two corrosion inhibitors: sodium chromate (chemical) and lime peel extract (natural).
The experiment was conducted over 21 days using the weight loss method in a simulated sea air environment. Scanning
Electron Microscopy (SEM), tensile testing, and bending tests were performed to evaluate surface morphology and
mechanical properties. Results indicated that both inhibitors effectively reduced corrosion, with sodium chromate
providing a more uniform protective layer and showing superior performance in mechanical tests. Lime peel extract,
although less effective in terms of surface protection, demonstrated better tensile strength. These findings suggest that
lime peel extract could serve as an eco-friendly alternative for corrosion inhibition in aerospace applications..
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1. INTRODUCTION predominantly made from Aluminum Alloy 2024-T3,
which, while strong, can suffer from various forms of

Corrosion is one of the most significant challenges  corrosion, including pitting and stress corrosion cracking,

faced by the aviation industry, particularly in
environments where aircraft components are exposed to
aggressive atmospheric conditions, such as coastal areas
with high humidity and salinity. The integrity of aircraft
structures, especially the wings, which play a critical role
in generating lift and ensuring stability, is paramount to
flight safety. Among the materials used in the
construction of aircraft wings, Aluminum Alloy 2024-
T3 is widely favored due to its excellent strength-to-
weight ratio and high mechanical properties. However,
despite its advantages, this alloy is susceptible to
corrosion, especially when exposed to salt-laden marine
air, which accelerates the deterioration of its surface and
can lead to structural failures if not properly managed.

The Cessna 420, a widely used aircraft model, is no
exception to this issue. The wings of this aircraft are

when exposed to harsh environmental conditions.
Corrosion on the wing surface can significantly
compromise the aircraft’s structural integrity and
increase maintenance costs, ultimately reducing the
overall service life of the aircraft. Therefore, effective
corrosion management strategies are crucial for
maintaining the operational performance and safety of
these aircraft.

One promising solution to mitigate corrosion is the
use of corrosion inhibitors, which are substances that,
when applied to metal surfaces, can slow or prevent the
corrosion process. Corrosion inhibitors function by either
forming protective films on the metal surface or by
interfering with the electrochemical reactions responsible
for corrosion. Among the many types of corrosion
inhibitors, natural extracts, such as lime peel extract, have
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garnered attention due to their environmentally friendly
properties and potential for reducing corrosion without
the use of harmful chemicals. On the other hand, sodium
chromate, a synthetic inhibitor, has been recognized for
its high efficiency in preventing corrosion, particularly in
aluminum alloys, but its toxicity poses environmental
concerns.

This study aims to evaluate the effectiveness of two
corrosion inhibitors—lime peel extract and sodium
chromate—in mitigating corrosion on Aluminum Alloy
2024-T3, specifically on the upper wing of a Cessna 420.
By conducting corrosion tests in a marine air
environment, this research investigates the corrosion rate,
surface morphology, and mechanical properties of the
aluminum alloy under the influence of these inhibitors.
The goal is to compare the efficacy of these two
inhibitors, considering both their ability to protect the
material and their environmental impact. Additionally,
the findings will contribute to the development of more
sustainable and effective corrosion prevention strategies
for aviation materials, particularly for aircraft operating
in coastal regions.

Ultimately, this study is poised to enhance
understanding in the field of material science and
corrosion prevention in aviation, offering new insights
into the use of natural and synthetic inhibitors for
prolonging the lifespan of critical aircraft components.
By combining environmental sustainability —with
effective corrosion management, this research aims to
support more efficient and safer practices in the
maintenance of aircraft exposed to aggressive
environmental conditions.

2. METHOD

This research adopts an experimental, quantitative
approach to investigate the effectiveness of two corrosion
inhibitors—Ilime peel extract (a natural inhibitor) and
sodium chromate (a synthetic inhibitor)—on the
corrosion rate of Aluminum Alloy 2024-T3 exposed to
a marine air environment. The study is designed to
evaluate corrosion prevention under real-world
conditions, simulating exposure to seawater in a hangar
at the Makassar Aviation Polytechnic. The
methodology involves three key components: material
preparation, corrosion testing, and data analysis.

2.1.Material Preparation

For this study, Aluminum Alloy 2024-T3 was selected
as the test material due to its widespread use in aircraft
construction, particularly in the wings of the Cessna
420. Samples of the alloy were cut into standardized
dimensions to ensure uniformity in the tests. Prior to
testing, all samples were thoroughly cleaned to remove
any surface contaminants, such as oils or dirt, which

could interfere with the inhibitor’s effectiveness. The
cleaning process involved rinsing the aluminum samples
with distilled water, followed by drying in an oven to
ensure no moisture remained on the surface.

2.2.Corrosion Testing

The corrosion tests were conducted using natural
seawater to simulate the marine air conditions commonly
encountered by aircraft operating in coastal regions. The
aluminum samples were divided into two groups, each
receiving a different corrosion inhibitor treatment: Group
1: Samples coated with lime peel extract (nhatural
inhibitor).Group 2: Samples coated with sodium
chromate (synthetic inhibitor).

Each sample was coated evenly with the respective
inhibitor solution. The samples were then submerged in
natural seawater for a period of 30 days to allow
sufficient exposure to the corrosive environment. The
immersion was conducted at room temperature in a
controlled laboratory setting to prevent any temperature
fluctuations that could affect the results. During the
exposure period, the corrosion rate was monitored by
periodic weighing of the samples to measure the weight
loss, a standard method for determining corrosion rate.

2.3.Surface Morphology

To assess the impact of corrosion on the
material surface, Scanning Electron
Microscopy (SEM) was used. SEM allows for
high-resolution imaging of the aluminum
surfaces to observe the morphology of
corrosion, including the presence of pitting,
filiform corrosion, and other forms of surface
damage. SEM imaging was performed on
selected samples from each group to identify
differences in corrosion patterns and the
protective effectiveness of the inhibitors.

2.4.Mechanical Properties Evaluation

To further assess the performance of the inhibitors,
stress tests were performed on the samples before and
after exposure to the corrosive environment. The stress
tests aimed to evaluate the mechanical properties of the
aluminum alloy, specifically its tensile strength and
ductility, which are critical factors in maintaining the
structural integrity of aircraft components. The stress
testing was conducted using an Universal Testing
Machine (UTM), following the standard procedures
outlined in ASTM E8/E8M. The test measured the
elongation and ultimate tensile strength of the samples,
with results compared to untreated samples to determine
the effect of corrosion and inhibitor treatment on the
material’s strength..

2.5.Data Analysis



Data collected from the weight loss measurements,
SEM analysis, and stress tests were subjected to
statistical analysis to compare the effectiveness of the
inhibitors. The corrosion rates for each group were
compared using analysis of variance (ANOVA) to
determine if significant differences existed between the
samples treated with lime peel extract, sodium chromate,
and the untreated samples. A p-value of less than 0.05
was considered statistically significant..

2.6.Experimental Environment

The experiments were conducted in a controlled
laboratory environment at the Makassar Aviation
Polytechnic, where temperature and humidity were
monitored and kept constant. The exposure to seawater
was carried out in an enclosed setup, simulating the
conditions of a marine environment typical for aircraft
maintenance hangars located near coastal areas.

This methodology ensures a comprehensive analysis
of the corrosion behavior of Aluminum Alloy 2024-T3
under the influence of marine conditions and corrosion
inhibitors. By using a combination of weight loss, SEM,
and stress testing, the study aims to provide valuable
insights into the effectiveness of lime peel extract and
sodium chromate as corrosion inhibitors for aviation
materials.

3. RESULT AND DISCUSSION

3.1.Results

This section presents the results of the corrosion tests
conducted on Aluminum Alloy 2024-T3 (Cessna 420
upper wing) exposed to simulated sea air, using two
different corrosion inhibitors: sodium chromate and lime
peel extract. The tests were carried out using weight loss
measurement, Scanning Electron Microscopy (SEM) for
surface analysis, and mechanical tests (tensile and
bending tests).

3.1.1. Control Lime Extract

The sample treated with lime peel extract showed a
reduced corrosion rate, with a weight loss of 1 grams and
a corrosion rate of 1.248 mm/year. Although lime peel
extract demonstrated moderate effectiveness in reducing
corrosion, the corrosion rate was still higher compared to
the sodium chromate treatment. This suggests that while
lime peel extract provides some protection, its
performance is less effective in marine environments
compared to synthetic inhibitors.

3.1.2.

The sample treated with sodium chromate exhibited
the lowest corrosion rate, with a weight loss of 1 grams,
translating to a corrosion rate of 1.248 mm/year. Sodium
chromate provided superior protection, reducing
corrosion significantly compared to both the untreated and
lime peel extract-treated samples. This suggests that
sodium chromate is highly effective in preventing

Control Sodium Chromate

corrosion in aluminum alloys under harsh, corrosive
conditions.

3.1.3.

e Lime Peel Extract: SEM images of the lime
peel extract-treated sample showed less severe
pitting corrosion, with a more uniform surface
compared to the untreated sample. However,
there were still areas of localized corrosion,
suggesting that lime peel extract provides
partial protection but does not completely
prevent pitting. Shown in figure 1

Surface Morphology (SEM Analysis)

Figure 1, Result SEM Analysis

e Sodium Chromate: SEM analysis of the sodium
chromate-treated sample showed a smooth and
uniform surface with minimal evidence of
corrosion. The protective oxide layer formed by
sodium chromate appeared to effectively shield
the aluminum surface from the corrosive effects

of sea air, providing the best corrosion protection

among the treatments. Shown in figure 2
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Figure 2, Result SEM Analysis

3.1.4. Mechanical Test Result (Tensile and Bending
Test)

Mechanical properties of the specimens were
evaluated using tensile and bending tests to assess the
impact of corrosion on the material’s structural integrity.

e Lime Peel Extract: The lime peel extract-
treated sample showed a higher tensile strength
and bending resistance compared to the



untreated sample, suggesting that the inhibitor
helped maintain the mechanical properties of the
aluminum alloy, despite the ongoing corrosion.
However, the performance was not as high as the
sodium chromate-treated sample.

e Sodium Chromate: The sample treated with
sodium chromate exhibited the highest tensile
strength and bending resistance, similar to the
uncorroded state. This indicates that sodium
chromate was highly effective in preserving the
material's mechanical properties, even after
exposure to marine air for 21 days.

3.2. Discussion

The results from this study demonstrate the efficacy
of both sodium chromate and lime peel extract as
corrosion inhibitors for Aluminum Alloy 2024-T3, with
sodium chromate providing superior protection in terms
of both corrosion rate and mechanical properties. The
following points summarize and discuss the key findings
of the study.

First, ffectiveness of Lime Peel Extract and Sodium
Chromate as Corrosion Inhibitorshe weight loss data
showed that both sodium chromate and lime peel extract
effectively reduced the corrosion rate of Aluminum Alloy
2024-T3. Sodium chromate exhibited the best
performance, with the lowest weight loss and corrosion
rate, confirming its established effectiveness in
preventing corrosion. Sodium chromate works by
forming a stable protective oxide layer on the surface of
the aluminum, which shields it from chloride ions and
other corrosive elements present in sea air (llevbare et al.,
2000).

Lime peel extract, while also effective, demonstrated
a higher corrosion rate than sodium chromate. This
suggests that lime peel extract provides moderate
protection, likely due to its ability to adsorb onto the
surface and form a passive layer. The presence of
flavonoids, alkaloids, and tannins in lime peel extract
could contribute to this protective effect, but its
performance under the harsh conditions of marine air is
not as robust as that of sodium chromate.

Second , Surface Morphology and Inhibitor
Mechanisms SEM analysis provided insight into the
mechanisms by which the inhibitors functioned. The
surface of the untreated sample showed significant pitting
corrosion, characteristic of chloride-induced corrosion in
aluminum. The sodium chromate-treated samples
exhibited smooth, uniform surfaces, indicative of a strong
protective layer that effectively prevented further
corrosion. On the other hand, the lime peel extract-treated
samples showed some localized pitting, suggesting that
the inhibitor was partially effective but did not
completely prevent corrosion at all sites.

The superior performance of sodium chromate can be
attributed to its ability to form a stable oxide layer on the
aluminum surface, while lime peel extract’s protective
effect may be due to the adsorption of its active
compounds, though this layer was not as uniform or
stable as that formed by sodium chromate..

Third, Mechanical Properties and Structural Integrity
The tensile and bending tests demonstrated that sodium
chromate not only reduced the corrosion rate but also
preserved the mechanical properties of the aluminum
alloy. The tensile strength and bending resistance of the
sodium chromate-treated samples were almost identical
to those of the untreated, non-corroded samples. This
indicates that sodium chromate effectively protects both
the surface and the structural integrity of the material.

Lime peel extract, while it provided some protection,
could not fully preserve the tensile strength and bending
resistance, which were somewhat reduced compared to
the sodium chromate-treated samples. This suggests that
while lime peel extract may be suitable for less
demanding applications, its effectiveness in maintaining
the mechanical properties of the material under severe
corrosion conditions is limited.

The use of lime peel extract offers a more
environmentally friendly alternative to sodium chromate,
which is toxic and carcinogenic (Fakhri et al., 2022).
Lime peel extract is biodegradable, non-toxic, and readily
available, making it a promising option for industries
looking for eco-friendly corrosion inhibitors. However,
the lower performance of lime peel extract in terms of
corrosion protection means that its application might be
more suitable for less critical areas where maximum
protection is not as crucial.

While sodium chromate provides superior corrosion
protection, its environmental and health risks are a
significant concern. The limitations on its use in various
industries due to its toxicity highlight the need for
continued research into safer, more sustainable inhibitors
that offer similar levels of effectiveness.

Future studies could explore the long-term
performance of lime peel extract as a corrosion inhibitor,
including its durability over extended exposure periods
and its potential when combined with other natural or
synthetic inhibitors. Additionally, research into the
optimization of lime peel extract's efficacy, such as by
altering its chemical composition or using it in
combination with other green inhibitors, could provide
valuable insights. Further studies could also examine the
impact of different environmental factors, such as
temperature and humidity, on the performance of these
inhibitors in real-world applications.



4. CONCLUSION

This study investigated the corrosion behavior of
Aluminum Alloy 2024-T3, commonly used in the upper
wing of the Cessna 420, under simulated marine air
conditions. The effectiveness of two corrosion inhibitors,
sodium chromate and lime peel extract, was assessed
using the weight loss method, Scanning Electron
Microscopy (SEM), tensile testing, and bending tests.

The results of this study indicate that both sodium
chromate and lime peel extract significantly reduced the
corrosion rate of Aluminum Alloy 2024-T3, with sodium
chromate proving to be the more effective inhibitor.
Sodium chromate formed a stable protective oxide layer
on the aluminum surface, significantly reducing
corrosion and maintaining the mechanical integrity of the
material. In contrast, lime peel extract, while effective,
showed less protection, particularly in preventing
localized corrosion such as pitting, but still demonstrated
some positive effects on the material's tensile strength.

The SEM analysis confirmed that sodium chromate
provided a smoother and more uniform surface compared
to the lime peel extract-treated samples, which showed
signs of pitting. The mechanical tests revealed that
sodium chromate-treated samples maintained their
tensile strength and bending resistance, similar to the
uncorroded samples, whereas lime peel extract-treated
samples showed a slight reduction in mechanical
properties.

From an environmental perspective, lime peel extract
offers a promising, eco-friendly alternative to sodium
chromate, which has known toxicity and environmental
concerns. However, the lower performance of lime peel
extract suggests that it may be better suited for less
critical applications where maximum  corrosion
protection is not necessary.

In conclusion, while sodium chromate remains the
most effective inhibitor for preventing corrosion in
Aluminum Alloy 2024-T3, lime peel extract serves as a
potential green alternative, particularly in less demanding
environments. Further research to optimize lime peel
extract’s performance and explore hybrid inhibition
systems could provide valuable insights into more
sustainable corrosion protection solutions for aerospace
materials.
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