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The corrosion performance of aluminumalloy 5083 (AA5083)was investigated in the splash zone area simulated in salt spray cabinet
at ambient temperature. Three paint formulations were prepared in accordance with different percentages of henna extract. FTIR
method was used to determine the constituent of henna while weight loss and electrochemical method were applied to investigate
the inhibition behaviour. The findings show that corrosion rate of aluminum alloy decreased with the increases of henna extract
in the coating formulation. The rise of charge transfer resistance (𝑅ct) value has contributed to the greater protection of the coated
aluminum.The decrease in double layer capacitance value (𝐶dl) is another indicator that a better protective barrier has been formed
in the presence of henna in the coating matrix.

1. Introduction

Aluminum was used widely in many sectors such as chem-
ical plant, manufacturing lines, and marine industries. The
advantage of using aluminum is due to their excellent
corrosion resistance property and thus it becomes a priority
in materials selections in most industries [1]. Aluminum
alloy with 5000 series is excellent for the construction of
small leisure boats, workboats, and the large high-speed
passenger ship. The advantages of 5000 series aluminum are
improved stability, reduced draft, minimized maintenance,
and increased speed of the boats or ships. Unfortunately,
aluminum suffers corrosion in the harsh environment such
as seawater [2]. To overcome the problem, a few corrosion
controls and prevention methods have been proposed. The
method proposed includes material selection, coatings, cor-
rosion inhibitors, cathodic protection, and also change in
design [3]. Other than that, the mechanism of the corrosion
protection consists of two mechanisms which are physical
barrier effect and anodic protection. For physical barrier
effect, the polymer coating acts as a barrier to the direct
exposure of oxidants and aggressive anions. Meanwhile,
the anodic protection system works when the conducting

polymer with strong oxidative property acts as an oxidant to
the test metals [4].

Interests in finding an effective corrosion inhibitor have
become a major concern among researchers. Substance con-
taining heteroatoms such as O, N, or S and multiple bonds
was proven to be an excellent inhibitor. However, there are
several factors contributing to a better inhibition efficiency
such as the number and types of adsorbing groups as well
as their molecular size, molecular structure, and mode of
interaction with the corroding metal surface [5]. Henna, a
herb which is widely used for dyeing purposes, has been
studied because of its excellent inhibitive property and being
relatively cheap and eco-friendly substance.

2. Methods

Henna extracts were obtained through rotary evaporation
process and then used as corrosion inhibitor. Aluminum
alloy 5083 was used as a substrate and the preparations
of specimens (coupons) were referred to the American
Society for Testing and Materials (ASTM) specifications. The
coupons were coated with the paint incorporated with henna
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Figure 1: Methodological flow chart.

extract.The sample undergoes corrosion process in salt spray
chamber where seawater was used as a corrosive medium.
Figure 1 shows the flow of methodology in this study.

2.1. Sample Preparation. AA5083 was cut into square shape
with the dimension of 25mm × 25mm × 3mm. It was
polished by using 600, 800, and 1200 grit emery paper. The
coupons were cleaned by using acetone and distilled water.
The initial weights of specimens were recorded for each
coupon and it was classified according to the characterization
and period of exposure to seawater in salt spray chamber.This
study investigated three different concentrations of henna
extract which consist of 0%, 5% and 10% in coating matrix.

2.2. Extraction Preparation. Henna extraction has been used
as corrosion inhibitor for aluminum alloy protection in this
study. Dried henna leaves were crushed into powder. The
henna powder was immersed in the ethanol solution and
left for a week. After one week, the solutions were filtered.
The remaining filtrates were collected and put into rotary
evaporator (Rotavap) for extraction process.

2.3. Coating Preparation. The paint used in this experiment
is alkyd paint.The paint was incorporated with henna extract
until the mixture has become homogenous. A magnetic
stirrer was used to mix the alkyd paint and henna extract.
The percentage of henna extract in alkyd paint is tabulated
in Table 1.

2.4. Salt Spray Test. Based on the industrial practices, salt
spray cabinet is widely used to test components and coated
panels for corrosion resistance [6]. In this research, salt spray
cabinetModel DF/MP/450 had been used andwas conducted
according to ASTM B117.

The seawater used in salt spray test was obtained from
Universiti Malaysia Terengganu hatchery. Seawater is an
aggressive and complex electrolyte that affect nearly all

Table 1: Types of coating produced.

Paint Henna extract (%)
Paint 1 (P1) 0
Paint 2 (P2) 5
Paint 3 (P3) 10

structural material to some extent and also seawater is the
best media to be applied as a real environment to speed up
the process of material corrosion.

2.5. Fourier Transform Infrared. The purpose of conducting
Fourier Transform Infrared (FTIR) test is to expand the infor-
mation of surface analysis and it is also used to characterize
the coatings. Initially, Attenuated Total Reflectance (ATR)
was used to examine thematerials but abandoned after it only
gave weak spectrum.

2.6. Weight Loss Measurement. In weight loss measurement,
the coupons were cleaned using acetone and rinsed with
distilled water. The coupons were weighed before they were
left exposed in the salt spray chamber (𝑊𝑖).

Analytical balance was used as the weighing device
with the sensitivity up to 4 decimal places in gram. The
weight obtained after exposure is known as final weight
(𝑊𝑓). Weight loss determination was carried out using the
following equation.

Weight loss formula is as follows:

𝑊𝐿 = 𝑊𝑖 −𝑊𝑓, (1)

where𝑊𝐿 is weight loss (mg),𝑊𝑖 is initial weight (mg), and𝑊𝑓 is final weight (mg).
Weight loss (%) formula is as follows:

𝑊𝐿 (%) = 100 − (1 − 𝑊𝑖𝑊𝑓) , (2)

where𝑊𝐿 is weight loss (%),𝑊𝑖 is initial weight (mg), and𝑊𝑓
is final weight (mg).

Corrosion rate formula is as follows:

CR = 87.6 × 𝑊𝐿𝐷𝐴𝑇, (3)

whereCR is corrosion rate (mm/year),𝑊𝐿 is weight loss (mg),𝐷 is density of material (g/cm3), 𝐴 is area of material (cm2),
and 𝑇 is time (hour).

2.7. Tensile Test. Tensile test was carried out by hydraulically
operated tensile testing machine with the maximum capacity
of 50 kN under static load condition. The load is uniaxially
applied on the specimen at a crosshead speed of 5mm/min.
The data was collected using a computer control software
package.
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Figure 2: Lawsone molecular structure.

3. Results and Discussion

The data were collected through several methods including
FTIR spectroscopy, weight loss measurement, Electrochemi-
cal Impedance Spectroscopy (EIS), and tensile test. All data
were analyzed and represented in the form of graph and
tables.

3.1. Fourier Transform Infrared. Figure 2 shows themolecular
structure of lawsone which is the main component in henna.
Threemajor functional groups which can be derived from the
structure are phenols O-H and C=O and alkenes C=C [7].
They are also known as flavanoids which consists of carbonyl
group (C=O, Ketone), O-H group, and aromatic group [8].

Figure 3 shows the IR spectrum of henna. The phenolic
group (O-H) stretch appeared at 3299 cm−1. The aromatic
C=C stretching frequency appeared at 1735.2 cm−1 while
the C=O stretching frequency appeared at 1625.1 cm−1. The
IUPAC name of henna is 2-hydroxy-1,4-naphthoquinone [9].
The phenol group of lawsone would donate electron to the
metal to achieve its noble state or orbit, whereas the metal
would receive the electron to become more stable. This
occurrence causes the indirect retardation of further redox
reaction and could resist corrosion from acting [10].

3.2. Weight Loss Measurement. Figure 4 shows the weight
losses of the coated samples in the absence and presence of
henna as inhibitor. The formulation of 10% of henna extract
(P3) coating shows the most stable performance followed by
5% of henna extract (P2) coating. The presence of phenol
group in lawsone structure helps the metal become more
stable via the electron donation of phenol group [11] and also
it was able to givemore protection to the surface of aluminum
alloy AA5083 which is exposed to oxygen [12].

Figure 4 also shows that 10% of henna extract coating
has the lowest amount of weight loss. This is because the
henna extract contained in the coating used is in the highest
percentage. Not only do the coatings ensure the adhesion
between metal substrate and organic coatings, but also they
are providing a thin barrier with the efficient effect against
oxygen diffusion on metal interface. The highest percentage
of henna extract had caused the decrease in weight loss due to
the inhibitive effect of lawsone by the formation of insoluble
complex compounds combined with the metal cations [13].

Figure 5 shows the result of corrosion rates calculated
from the weight losses data. The graph shows that the value
of corrosion rate for coating incorporated with henna extract
is lower than bare metal. As the concentration of henna in

Table 2: Electrochemical parameters of coated sample in the
presence and absence of henna extract.

Henna extract (%) 𝑅ct (kΩ cm−2) 𝐶dl (𝜇 F cm−2)
0 0.567820 0.018342
5 1.346021 0.001354
10 1.890300 0.000034

the coating matrix increases, the corrosion rate was found to
decrease. The coated samples without any inhibitor coating
show a slight increase of corrosion rate. Upon incorporation
of henna, the inhibitive action of Lawsonia extract could be
due to the adsorption of itsmolecules on the substrate surface
making a barrier in order to protect its surface [9].

3.3. Electrochemical Impedance Spectroscopy (EIS). Table 2
shows the values of charge transfer resistance and double
layer capacitance of AA5083. The data shows that coated
samples incorporated with henna have produced higher
charge transfer resistance (𝑅ct) compared to bare metal. The
highest resistance obtained in this research is the coated
sample with 10% of henna extract coating.

Figure 6 shows the Nyquist plot of AA5083 with and
without coating. It can be seen that the coated coupon with
0%henna extract exhibits the smallest semicircle, followed by
a coated coupon incorporated with 5% of henna extract. The
largest semicircle is represented by 10% henna extract. The
size of the semicircle contributes to the degree of corrosion
resistance. The larger semicircle indicates a better degree
of resistance. Increasing value of 𝑅ct with the addition of
henna extract percentage gave a better performance to retard
corrosion due to the formation of oxide layer [8].

A high antioxidant property of henna has contributed
to the increment of electrical resistance on the aluminum
surface [14]. It indicates that when a percentage of henna
extracts increase, the corrosion resistance also increases
and the corrosion rate decreases. Furthermore, the high
impedance value of the coating is related to the formation of
the deposited layer and consequently slows down the rate of
electrolyte penetration into the coating [15].

3.4. Tensile Strength. Figure 7 shows the plot of stress and
strain curve. The coupons show a linearity at the beginning
until reaching the ultimate stress around 175MPa. Then, the
stress value decreases until it goes into necking phase and
rupture.

Ultimate strength or tensile strength is obtained by
dividing maximum load by original area of cross section of
coupon.

The tensile stress is achieved where the decrease in the
cross-sectional area is greater than the increase in defor-
mation load which is caused by strain hardening. In this
region, plastic deformation was concerned. The stress begin
to decrease. Coupon begins to neck down rapidly when the
cross-sectional area decreases far more rapidly than the load
increasing by strain hardening [16]. The actual load required
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Figure 3: IR spectra for henna extraction using FTIR.
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Figure 4: Result of weight loss of coupons.

to deform the coupon falls off and stress continues to decrease
until fracture occurs.

4. Conclusions

The henna extract acts as an excellent inhibitor in way of
protective coating method. The highest percentage of henna
extract provides the highest resistant layer and makes the
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Figure 5: Corrosion rate of coupons until day 30.

coupon less corroded. Paint 3 with 10% of henna extract gives
the lowest value of corrosion rate which is 0.0296mm/year
compared to bare metal, paint 1, and paint 2.

The stress-strain curve shows a linearity in the beginning
until stress exceeds about 175MPa. The stress keeps decreas-
ing until, at a certain point, it goes into necking phase and
rupture.
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