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Abstract— The ability of Mangifera indica seed extract to
inhibit the corrosion of tin metal immersed in 0.5M HCI
acid using the gravimetric method, in the form of a
prolonged test and a rapid test at room temperature was
studied. The prolonged test was carried out over a period
of 21 days at two (2) days intervals, while the rapid test
was performed for 5Shours at intervals of lhour. The
experiments were performed with inhibitor concentrations
of 0.2g/l, 0.4g/l, 0.6g/l, 0.8g/l and 1.0g/l. Results showed
that, for the prolonged test, a maximum inhibition
efficiency of 97.4944% at 1.0g/l concentration was
obtained and the adsorption of the extract on the metal
obeyed the Langmuir adsorption isotherm, whereas for the
rapid test, a maximum inhibition efficiency of 84.2294%
was obtained and the adsorption of the extract on the
metal followed the Freundlich adsorption isotherm. Both
isotherms confirm the mechanism of physisorption.
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l. INTRODUCTION

A large number of organic compounds have been studied
and are still being studied to assess their corrosion inhibition
potentials [1]. However, most of these substances are not only
expensive but also pose health and environmental hazards
prompting the search for their replacement. Plants have been
recognized as sources of naturally occurring compounds that
are generally referred to as ‘green’ compounds, some with
rather complex molecular structures and having a variety of
physical, chemical and biological properties. A number of
these compounds are usually used in traditional applications
such as pharmaceuticals and biofuels. Furthermore, there has
been a growing trend in the use of natural products as
corrosion inhibitors for metals in various corrosive media.

In fact, plants have become important as environmentally
acceptable, readily available and renewable sources of a wide
range of chemicals. Due to bio-degradability, eco-friendliness,
low cost and easy availability, the extracts of some common

plant-based chemicals and their by-products have been tried as
inhibitors for metals under different environments [2, 3, 4, 5].
Research has shown that some parts of Mangifera indica plant
are quite effective as inhibitors of corrosion on some metals.
The inhibitive effects of the bark and leaf extracts of
Magnifera indica on mild steel in 0.2M sulfuric acid at
ambient temperature has been reported [6]. The effect of
extracts of Mangifera indica leaves and bark on the corrosion
of mild steel test specimen immersed in 0.1 M HCI at ambient
temperature has also been investigated [7]. The inhibitive
effects of the aqueous extracts of mango and orange peels as
green inhibitors for carbon steel in hydrochloric acid solution
were reported in [8]. A study [9] on the possibility of using
Mangifera indica leaves extracts as inhibitor on the corrosion
of zinc sheet in 5 M H,SO, solution has been carried out.
Examination of the corrosion inhibition of mild steel using
Mangifera indica seed extract in different aqueous media has
also been reported [10].

Further literature search [11, 12, 13, 14] has revealed that
the inhibition of corrosion on tin metal by the use of
Mangifera indica seeds extract has not been widely reported.
This paper therefore elucidates findings from works done in
that regard.

Il.  EXPERIMENT AND RESULT

A. Material preparation

Tin metal coupons were obtained from the Mechanical
Engineering department workshop of Federal University of
Technology, Owerri (FUTO), Imo State, Nigeria. The metal
coupons with dimensions 3 x 3 x 0.2cm were smoothened with
sand paper and then cleaned by brushing using acetone. The
coupons were then weighed before being immersed into the
acidic medium.

B. Extract Preparation

The mango seeds were obtained from the mango trees within
FUTO premises. The outer shells were removed to obtain the
seeds which were cut into chips, and then dried using a drying
oven at a temperature of 101°C for three days. The already
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dried seeds were ground further into powder using a
mechanical grinder. Two hundred grams (200g) of the ground
seed were dissolved in 200ml of ethanol in a round bottom
flask and placed in a reflux set up. The extraction process was
carried out using a reflux apparatus which consists of a
heating mantle where the round bottom flask containing the
mixture was placed. The upper part of the setup consists of a
condenser with water inlet and outlet which is tightly fitted to
the mouth of the round bottom flask. The heating mantle was
then turned on with the temperature set at 100°C. The timer
was switched on as soon as the mixture began to boil and the
setup was left to stand for two hours before it was turned off
and the mixture allowed cooling. The cooled mixture was
filtered and the filtrate (extracted solvent) stored in a jar.

C. Gravimetric or Weight Loss Method

Prolonged test

The coupons were weighed using electronic weighing balance
and their initial weights recorded. Coupons of comparable
weights were selected for the experiment. Two (2) coupons
were suspended (aided by ropes and hooks) in one plastic
container containing 400 ml of blank solutions of 0.5M HCI at
room temperature. Seed extracts with concentrations of
0.2g/L, 0.4g/L, 0.6g/L, 0.8g/L and 1g/L were each injected
into 400ml of the 0.5M HCI acid solution contained in five
different containers with two (2) separate coupons suspended
in each of the containers. They were withdrawn from the
containers at 2 days interval progressively for 21 days. At each
interval, each coupon was washed, scrubbed with bristle brush
in ethanol, dried in acetone and reweighed. Their new weights
were recorded. The weight loss of each coupon was evaluated
and recorded as the difference between its initial and new
weights. The average weight loss was computed.

Evaluation of weight loss, corrosion rate, surface coverage
and Inhibition efficiency

Weight loss was calculated according to the equation
AW =W, - W,
where AW = weight loss (g)

W, = initial weight (g),

W, = final weight (g)

The corrosion rate, C'R for each case was evaluated as the
weight loss of the coupon per unit area, per unit time of

exposure, i.e.
AW

CR = 2,
Axt

where CR = corrosion rate (

)
A = area of coupon (em?), t = time (day)
The surface coverage, 6 is given by equation (3)

em®day

g = CRb:ank - C'Ez':—:h

3.
C'Eb!tz?zk
where CRy oy = cOTrosion
rate of solution without inhibitor (—=—)
cmiday
CR,,, = corrosion
rate of solution with inhibitor (— )
em*day
Inhibition efficiency I.E (%) is given by equation (4)
CRypme — CR,;
I.E =—2tiank 2 X 100 4,
C'Rb!ﬂnk
D. Rapid Test

The experiment was carried out using a corrosion studies kit.
Two tin metal coupons each were weighed and immersed in
400 ml of 0.5M HCI solutions containing various
concentrations (0.2 g/L, 0.4 g/L, 0.6 ¢g/L, 0.8 g/L and 1.0 g/L)
of the inhibitor (extract). Also, two tin metal coupons were
immersed in 400ml of 0.5M HCI solution without an inhibitor
which was used as the control medium. The solutions
containing the coupons were then placed in the corrosion Kit.
Air was passed through the solutions by the aid of the suction
motor in the corrosion Kit. The solutions experienced
turbulence due to the passage of air at low pressure. The
experiment was allowed to run for lhour after which the
coupons were removed, cleaned, sandpapered, brushed with
acetone and weighed using a beam balance. The experiment
was repeated four more times.

E. EXPERIMENTAL RESULTS AND DISCUSSION
Prolonged Test

Weight Loss Analysis

Examination of Figure 1 shows that for a given extract
concentration, the weight loss of the tin metal increased with
time showing that as time elapsed, the acidic medium was able
to penetrate and attack the metal for the inhibited sample but
at a very low rate compared to that of the uninhibited (no
extract). This shows the action of the Mangifera indica seed
extract as an inhibitor. For the uninhibited corrosion process,
the intense increase in the weight loss of the samples in the
acid medium in the first 13 days of exposure with marginal
increase thereafter can be attributed to the initial aggression of
the acid on the surface of the tin metal (as a result of the
absence of an inhibitor) which later decreased due to the
dissolution of some of the metal in the acid media [10].

Corrosion Rate Analysis
A close examination of Figure 2 shows very low corrosion
rate values for all concentrations of the inhibitor. This explains
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why the inhibition efficiency values are quite high as shown in
Figure 3. The profiles also show near-constant corrosion rates
for the different inhibitor concentrations. However, a closer
examination of the figure shows that the decrease in corrosion
rate for the uninhibited sample is much higher than that for the
inhibited samples. The near-constant profiles of the inhibited
samples therefore indicate the inhibitive effect of the
Mapngifera indica seed extract.

Inhibition Efficiency Analysis

Figure 3 depicts the profiles of the inhibition efficiency of the
different inhibitor concentrations. The figure shows that the
inhibition efficiency of the extract decreased with time for all
the concentrations. It can be inferred that the adsorbed
inhibitor molecules were desorbed over time thereby exposing
the initially protected metal surface to the corrodent and
consequently leading to lower inhibition efficiency values [15,
16, 17]. Also, from the plot, it can be seen that the inhibition
efficiencies of the tin metal at different concentrations of the
Mangifera indica seed extract are closely compacted and very
high. This means that irrespective of the concentration of the
extract (considered in this work) in the 0.5M HCI acidic
medium, Mangifera indica seed extract is a good corrosion
inhibitor for tin metal.

Adsorption Isotherm Considerations

Four different adsorption isotherm models, Langmuir,
Freundlich, Temkin and Frumkin adsorption isotherms were
used to check the mode of adsorption of the extract. The
results obtained showed that the adsorption was best modeled
by the Langmuir adsorption Isotherm. Table 1 gives a
summary of the Langmuir adsorption isotherm parameters.
The linear plot (Figure 4) with high coefficient of
determination or R* value of 0.9851 clearly reveals that the
surface adsorption process of Mangifera indica seed extract on
the tin metal surface obeyed the Langmuir adsorption
isotherm. Hence, there was an occurrence of physisorption.
Langmuir  isotherm assumes monolayer adsorption,
localization of the adsorbed extract molecules and formation
of a layer of insoluble complex on the metal surface which
acts as a barrier between the metal surface and the corrosive
medium [18].

Secondly, the value of the free energy of adsorption AG ..
is greater than -40 kJ/mol. This again suggests physical
adsorption mechanism as asserted by [19, 20]. In addition, the
negativity of this value signifies spontaneous adsorption of the
extract.
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Table 1: Summary of the Isotherm Parameters
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Isotherm R? Slope | K_.. |AG,,.

(kJ/mol)
Langmuir 0.9851 1 11.85 | -16.079
Rapid Test

Weight loss analysis

Figure 5 shows the profiles for the weight loss of the tin metal
for the rapid test at various concentrations of the inhibitor and
that of the uninhibited sample. It is observed that the loss in
weight of the metal increased with time for each of the
concentration values considered showing the action of the
acid on the metal surface with time. But this attack occurred
at a much lower rate for the inhibited samples than for the
control sample. This further proves the efficiency of the
Mangifera indica seed extract. Also, it is noticed that the
difference in weight loss over the 5-hour period of
experimentation reduced with increase in inhibitor
concentration.

Corrosion Rate Analysis

It is also observed from Figure 6 that corrosion rate reduced
marginally in the first hour of the experiment for all samples
after which a marginal increase followed in the next one hour.
The corrosion rates then became nearly constant till the end of
the experiment. An additional observation is that corrosion
rate decreased with inhibitor concentration.

Inhibition Efficiency Analysis

Examination of Figure 7 shows that the inhibition efficiency
of the extract increased marginally in the first hour of the
experiment, decreased in the next hour and then became
constant for all concentrations. Moreover, it can be seen that
increase in the extract concentration led to a corresponding
increase in the inhibition efficiency of the Mangifera indica
seed extract on the metal. This further confirms the inhibitive
effect of the extract on tin metal.

Adsorption and Thermodynamic considerations

The adsorption data was fit to four different adsorption
isotherms (Langmuir, Freundlich, Temkin and Frumkin). The
values of the correlation coefficients (R?) obtained from the
plots showed that the Freundlich adsorption Isotherm was best
favoured. Table 2 gives this value and other parameters
obtained. The plot (Figure 8) gave a correlation coefficient of
0.9895. The free energy of adsorption was obtained as -
18.666KJ/mol. This result thus indicates that the corrosion
inhibition of the Mangifera indica seed extract is attributed to
the adsorption of the phytochemical constituents on the tin
metal by a physisorption process, since the value of the free

energy ranges from -20KJ/mol to 0 KJ/mol [21]. The process
is also spontaneous since the free energy is negative
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Table 2: The Summary of the Isotherm Parameters

Isotherm R? Slope K, .. AG 4.
(kJ/mol)
Freundlich 0.9895 -0.7668 39.77 —18.666
I1l. CONCLUSION

The present work has shown that Mangifera indica seed
extract can be used as corrosion inhibitor on tin metal. As the
concentration of the inhibitor increased, the corrosion rate
decreased and the inhibitor had a maximum efficiency of
97.4944% for the prolonged gravimetric test and 84.2294%
for the rapid test respectively, within the range of inhibitor
concentration studied, which proved that its usage in the
process industries will extremely reduce corrosion rate. If the
extract is used as corrosion inhibitor, it will increase the gross
domestic product of the Nation and also reduce the emission
of harmful substances to the environment
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