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ABSTRACT: Acid corrosion of steel and its associated financial and material costs are serious challenges to the
chemical industry, and protecting these alloys through the use of effective corrosion inhibitors is imperative. In this
study, the corrosion inhibition of mild steel in 1M HCI media using water and ethanol extracts of Spondias mombin
leaves was investigated via weight loss technique, electrochemical impedance spectroscopy (EIS) and
potentiodynamic polarization (PDP). The influence of temperature on inhibitor behaviour was also studied. Both
extracts inhibited corrosion of mild steel via adsorption, following the Langmuir and Freundlich isotherms. The
inhibition efficiency (IE) increased as extracts concentration was increased. After 24 and 72 hours exposure in the acid
solution at 25 °C, 500 ppm of extracts delivered maximum efficiency of (94.44 % and 76.52% for ethanol) and (51.52
% and 58,97 % for water). However, increasing temperature to 40 °C and 60 °C (after 24 hours) significantly boosted
the efficiency of water extract (favoring inhibition via combined physical and chemical adsorption) but depreciated
the performance of ethanol extract. The extracts provide good protection to mild steel in acidic environment and are

therefore recommended as green alternatives to existing toxic ones.
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I INTRODUCTION

The financial and material cost of corrosion attack on
industrial parts and machineries over the operating lifespan of
any industry cannot be overemphasized. The effects on the
environment is also humongous and worrisome. The estimated
annual corrosion cost in industrial systems and on the
environment in developed countries of the world is between 3
— 4% of their gross domestic product (GDP) and thus, the need
for effective corrosion inhibition cannot be overemphasized
(Alrefaee et al, 2020; Marzorati et al, 2019). This is however,
massive in developing and poorer nations of the world. Carbon
steel constitute the most abundantly used alloy for fabricating
major equipment in the chemical process industry due to its
natural abundance, cheapness and strength (Dohare et al, 2017;
Palaniappan et al, 2020). Periodic descaling with dilute acid
(also called acid-cleaning) is an inevitable industrial practice
that aims to restore the material integrity of the steel-based
equipment which would have developed enormous scales over
prolong period of operation. Since steel cannot naturally form
a protective passive layer during corrosion, the acid solution
continues to attack the underlying alloy during the descaling
process. Similarly, identifying a highly effective solvent for
extracting the plants is also imperative as long as the solvent is
environmentally safe.

Most chemical process industries inadvertently add toxic
chemicals to acid-cleaning solutions in order to protect steel
*Corresponding author: adama.kenneth@edouniversity.edu.ng

equipment during operations (Alrefaee et al, 2020; Ishak et al,
2019; Muthukumarasamy et al, 2020). When such solutions
are discharged into the environment, they impact negatively on
the biotic and abiotic population. Similarly, exposure of carbon
steel and its alloys to the atmosphere or aqueous solution
usually results in the development of compact, strongly
adherent and continuous film (Alrefaee et al, 2021; Belakhdar
et al, 2020; Berrissoul et al, 2020). This film formed is usually
responsible for the corrosion resistance of carbon steel in most
environments (Chen et al, 2020; Asfia et al, 2020) It has
become imperative for the chemical industry to develop
effective and efficient corrosion inhibitors that can substitute
for these toxic ones. Plant extracts are remarkable in this regard
(Ahanotu et al, 2020, Akinbulumo et al, 2020). They are
naturally abundant, cheap and environmentally safe. The also
contain phytochemicals which offer enormous active sites for
interaction with the alloy surface (Dohare et al, 2017). These
natural polymers, polysaccharides, amino acids, and their
derivatives have been extensively studied as ecologically
friendly alternatives to damaging corrosion inhibitors
(Alrefaee et al, 2020; Chaudhary and Tak, 2022).

Several researches exist on the use of plant extracts as
corrosion inhibitors for mild carbon steel in acidic solutions.
The extracts are evaluated as inhibitors against metallic
corrosion due to their environmentally friendly behavior and
excellent inhibitory efficiency (Marzorati et al, 2019; Ishak et
al, 2019; Chen et al, 2020; Asfia et al, 2020; Alrefaee et al,
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2020; Ahanotu et al, 2020). These authors worked on several
plant extracts as effective inhibitors in different media. The
extracts imparted excellent corrosion resistance in steel,
established their inhibition via the adsorption of their
molecules on the steel surface forming protective layer, acted
as mixed-type corrosion inhibitors by blocking both anode and
cathode reaction. Adsorption mechanism agreed with the
Langmuir isotherm mostly, though few others show the
Temkin adsorption model. The activation energy as well as
other thermodynamic parameters showed strong interaction
between the inhibitor and the mild steel surface.

Naturally, plant extracts have a variety of simple to
complex phytochemicals that can efficiently adsorb across
metal surfaces and form protective organic films. Aqueous
extracts are chosen because they generally have more
sustainable qualities (Asfia et al, 2020; Alrefaee et al, 2020;
Ahanotu et al, 2020). Thus, this work reports a study conducted
to find a green, cheap and environmentally safe corrosion
inhibitor for C1020 mild steel in acidic solution from Spondias
mombin leaves. Also known as yellow mombin or hug plum; a
specie of tree and flowering plant in the family Anacardiaceae.
Previously, Spondias mombin extracts have been reported for
corrosion inhibition of aluminium (Al) in 0.5 M H2SO4 (Obi-
Egbedi et al, 2012), stainless steel in 3.5 % NaCl (Oguike and
Oni, 2019), mild steel in H,SO4 (Sidikat et al, 2018) and HCI
(Magu et al, 2017). However, these works only focused on
extracts of single solvents. Following the observations of
Ahanotu et al, (2020), we reckoned that the performance of
Spondias mombin extracts as corrosion inhibitor could be
influenced by the choice of the extracting solvent, provided the
solvent is environmentally friendly. Upon this premise, we
employed different techniques to investigate the effect of
extracting solvents (water and ethanol) on the corrosion
inhibition performance of Spondias mombin extract using mild
steel exposed to 1 M HCI at different times and temperatures.
Adsorption isotherm was also applied to study the mode of
adsorption (interaction) between the inhibitor and the alloy
surface at different exposure periods and temperature.

Il. MATERIALS AND METHODS

Two aqueous extracts of Spondias mombin leaves (water
and ethanol as solvents) were investigated and tested. Weight
loss technique, potentiodynamic polarization (PDP), and
electrochemical impedance spectroscopy (EIS) were
performed. Influence of temperature on the inhibitor behavior
was studied. Also, adsorption isotherm analysis based on the
variations in inhibitor concentration, corrosion time and
temperature were studied. These techniques were used to
determine the inhibition efficiencies (IE) and deduce
mechanism of action of the Spondias mombin extracts.

A. Materials

The materials used in the experiments were fresh samples
of Spondias mombin leaves obtained from the campus of Edo
State University Uzairue and validated by Dr. A.l. Anani of
Department of Biological Science in the institution. Other
materials are, dried and powdered Spondias mombin leaves,
distilled water, analytical grade hydrochloric acid, and acetone.

The equipment used includes industrial blender, rotary
evaporator, weighing balances, abrasive papers with 400 — 600
grit, mild steel coupons, Thermo Scientific ARL 9900
IntelliPower Series (0699) x-ray fluorescence (XRF)
spectrometer with integrated x-ray diffractometer (XRD)
capacity, Gamry Potentiostart/Galvanostat/ZRA Reference
600 work station and a Buchler Torramet specimen dryer.

B. Methods
1) Preparation of test solution

All chemicals and reagents used were of analytical grade
and double distilled water was used for preparing solutions.
The fresh Spondias mombin leave samples used in the
experiment were thoroughly washed with distilled water. They
were subsequently dried at room temperature for 14 days and
then ground to power using an industrial blender. The dried
extracts of the leaves obtained from both the water and ethanol
extracts were used for the preparation of inhibitor test
solutions. According to procedures reported by Ahanotu et al,
2020 and Magu et al, 2017, stock solutions of the Spondias
mombin crude extract were prepared by refluxing (for 3 hours)
the ground leaves using both water and ethanol (in the ratio of
1:10 (plant powder: solvent volume)). The amount of Spondias
mombin extracted into each solvent was quantified by
comparing the weight of the dried residue (after extraction)
with the initial weight of powdered plant leaves employed for
the extraction. Subsequently, calculated volumes of the filtrate
were collected and dissolved in 1 M HCI to obtain different
concentrations of 100, 200, 300, and 500 ppm.

2) Elemental composition analysis

The elemental composition of the metal electrode coupon
was investigated using a Thermo Scientific (ThermoFisher
Scientific Inc. Ecublens, SARL, Switzerland) ARL 9900
IntelliPower series 0699 x-ray fluorescence (XRF)
spectrometer with integrated x-ray diffractometer (XRD)
capacity. The instrument is equipped with a Quant AS software
for total elemental analysis of up to 86 elements. It possessed
a 12-point sample charger and a goniometer with the capacity
to analyze specific element quantitatively and qualitatively. It
has an elemental range: Boron (B) — Americium (Am), LLD
(Concentration): 0.1 ppm — 100 %, resolution: (M,, — K,;) —
135 eV, and sample throughput of up to 240 per 8 hours day.

3) Weight loss measurements
The mild steel was cut into weight loss coupons 0.23 cm
thick (d), 3.08 cm wide (w) and 3.22 cm long (I) which gave a
total surface area of 22.73 cm? The electrochemical
measurement coupons had 1 cm? surface area exposed for
testing after cold mounting in epoxy resins. Before the
specimens were used for each experiment, they were abraded
mechanically using abrasive papers with 400 — 600 grit, rinsed
in distilled water and acetone and dried using a Buchler
Torramet specimen dryer. Analytical reagent used was 36 wt
% hydrochloric acid. This was dissolved in distilled water to
prepare the corrodent (1 M HCI).
During weight loss experiments, duplicate coupons were
immersed in the 1 M HCI solution without and with different
doses of the different plant extracts. Samples were immersed
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for 24 hours and 72 hours period at 25 °C respectively. After
each duration of immersion, the coupons were retrieved and
cleaned according to ASTM GO01-03 and ASTM G31-72
standard procedures. The weight loss after each immersion
period was determined using Eqn. (1). Thereafter the effect of
temperature was investigated, using the minimum and
maximum inhibitor concentrations after 10 hours immersion at
40 °C and 60 °C. The weight loss after immersion (Aw) was
calculated thus:
AW (g) = W(before immersion) W(afterimmersion) (1)

The corrosion inhibition efficiency (% IE) deduced from
weight loss measurement was calculated using Eqn. (2) (Obot
et al, 2019); where  V(with inhibitor) @A V(without inhibitor)
represent corrosion of steel in the presence and absence of
inhibitor respectively.

%IE =1— U(with inhibitor)

x 100% @)

U(without inhibitor)

4) Electrochemical studies

The electrochemical experiments involved in this work
were conducted on a Gamry Potentiostart/Galvanostat/ZRA
Reference 600 work station following the ASTM G3-89 (1994)
and G5-94 (1994) standard procedures that utilize 150 ml as
the volume of the test solutions. It uses a three-electrode
system which consist of an epoxy-encapsulated mild steel
(type C1020) as the working electrode, the auxiliary electrode
was a graphite rod, and the reference electrode was a Ag/AgCl
electrode. The electrochemical experiments were performed
after monitoring the variation of open circuit potential (OCP)
for an hour. The electrochemical impedance spectroscopy
(EIS) measurements were performed at the frequency range of
10°Hz to 1073Hz with a + 10 mV amplitude signal and
acquirement of 10 points/decade OCP. The signal amplitude
perturbation was + 10 mV. The potentiodynamic polarization
(PDP) measurements were conducted at the potential of
+ 0.25 V versus open circuit potential (OCP) using a scan rate
of 0.166 mVS~1. The analysis of EIS data was done using
Echem analyst while EC-lab software was used for PDP data
analysis. The experiments were conducted in triplicate to
achieve reproducibility. The use of equation given by (Fang et
al, 2019) was employed to calculate the inhibition efficiency
from EIS and PDP techniques. The inhibition efficiencies
derived from the EIS and PDP measurements were calculated
based on Eqgns. (3) and (4); where R, is the resistance to charge

transfer and i.,,.. is the corrosion current density.
Rct(without inhibitor)

%IEgps =1— X 100%
Rf(with inhibitor)t Rct(with inhibitor)
| ®)
i o

% IEPDP =1- corr(with inhibitor) X 100% (4)

icorr(without inhibitor)

Different adsorption isotherm models were adopted to
investigate the thermodynamic interactions and properties of
the inhibitor. From the investigated isotherm models, the
activation energy, enthalpy change and Gibbs free energy
parameters were evaluated.

I11. RESULTS AND DISCUSSION
A. Elemental composition of metal electrode coupons

The elemental composition of the metal electrode coupons
obtained using a Thermo Scientific (ThermoFisher Scientific)
ARL 9900 IntelliPower series 0699 XRF spectrometer
integrated with XRD capacity is presented in Table 1. The
result confirmed the presence of major and trace elements
which were in agreement with those obtained by (Al-Otaibi et
al, 2014).

Table 1 Chemical composition of the mild steel
Element Cc Mn Si Al P Fe
% Comp.  0.21 0.05 0.38 0.01 0.09 99.26

B. Weight loss analysis

The results of the average weight loss investigations
conducted on the mild steel coupons (C1020) after immersion
for 24 hours and 72 hours in 1 M HCI solution without and
with 100, 200, 300 and 500 ppm of the ethanol extract of
Spondias mombin leaves are presented in Figure 1. Figure 1
shows a decrease in weight loss due to the presence of the
ethanol extract for all concentrations and at the two different
immersion times. This decrease in weight increases with
increasing concentration to the optimum (500 ppm).
Consequently, there is increase in the calculated inhibition
efficiencies with increasing concentration of the extract with
about 94 % maximum inhibition efficiency achieved at 500
ppm extract concentration at 24-hour immersion and 77 % at
72 hours immersion. The implication of this scenario is that the
addition of the ethanol extract results in the release of the
phytochemicals present in the plant which in turn interacts with
the anodic and cathodic sites of the mild carbon steel. This
further results in the site blockage and mitigation of the
associated corrosion reactions. Generally, steel corrosion in
acid solutions usually involves anodic oxidation of Fe to Fe?
and cathodic reduction of H* to Hzg. Thus, the blocking
mechanism hinders the transfer of electrons between the two
sites which in turn lowers the corrosion rate (Onyeachu et al,
2020).
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Figure 2 shows the weight loss results and inhibition
efficiencies achieved using water extract of the Spondias
mombin leaves at 24 hours and 72 hours with different
concentrations at 25 °C. The results showed weight losses by

the steel coupons in the acid solutions at the different periods.
The inhibition efficiencies are observed to be lower in
comparison to that achieved using the ethanol extract which
implies that the ethanol, being a more volatile and organic
solvent, has more capacity to extract the active phytochemicals
from the plant than the distilled water (Obi-Egbedi et al, 2012).
The more phytochemical extracted by the ethanol solvent
implied that more organic molecules are available to adsorb
onto the steel surface and hence, protect it from corrosion and
corrosive agents. However, it was observed that the
phytochemicals extracted by the distilled water appeared to be
more persistent on the steel surface over time and are not easily
lost due to attack by the acid species. This could be seen by the
increase in efficiency to 59 % occasioned by weight loss with
500 ppm water extract concentration after 72 hours. Sidikat et
al, (2018) also observed similar improvement in efficiency of
Spondias mombin water extracts for steel in H,SO4 solution.
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Figure 2: Weight loss and inhibition efficiency after (a, c) 24
hours and (b, d) 72 hours of C1020 steel in 1 M HCI containing
different concentrations of water extract of Spondias mombin
leaves at 25 °C.

Figure 3 presents the temperature effect on weight loss
experienced by the C1020 mild carbon steel immersed in 1 M
HCI solution without and with 100 and 500 ppm ethanol and
water extracts of Spondias mombin leaves for 24 hours. With
the ethanol extract, it can be seen that increasing the
temperature up to 40 °C and 60 °C respectively, significantly
increases the rate of weight loss and depreciates the inhibition
efficiency, compared with the values at 25 °C (See Figures 1
and 2). On the other hand, with water extract, the reverse
occurs such that the efficiency increases significantly, as
temperature increases. When temperature favors enhanced
inhibition efficiency, the adsorption definitely occurs by a
chemical process, while it occurs as a physical adsorption if the
efficiency depreciates with temperature increase. Temperature
can increase the rate of corrosion by increasing the energy and
activity of the corrosion species (Alrefaee et al, 2020). This

enables them to attack the metal surface more vigorously.
Increasing temperature can also denature the organic inhibitor
and make it less efficient. On the other hand, temperature could
also favor enhanced efficiency if the inhibitor adsorbs by a
chemical mechanism. Thus, the phytochemicals extracted by
water are more stable to temperature and adsorb chemically on
the steel surface. This also explains why the efficiency of water
extract improved over time (up to 72 hours immersion).
Contrarily, the phytochemicals extracted by ethanol are not
stable at higher temperature and are, therefore, readily lost
from the steel surface. This explains why the efficiency of the
ethanol extract decreases as temperature increases (Alrefaee et
al, 2020).
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Figure 3: Temperature effects on weight loss and inhibition
efficiency at 40 °C and 60 °C after 24 hours immersion of C1020
steel in 1 M HCI containing different concentrations of (a, c)
ethanol extract and (b, d) water extract of Spondias mombin leaves

C. Adsorption isotherm analysis

Using three different adsorption isotherm models, the
mode of interaction between the Spondias mombin leave
extracts and the acid solution and mild steel coupons was
analyzed. The adsorption isotherm models investigated were:
Langmuir, Freundlich and Temkin isotherms. The analysis is
presented in Figure 4.

The most appropriate model is usually identified by the
isotherm with the highest coefficient of determination (R2).
Figure 4 shows that the Freundlich isotherm model has the
highest value of the coefficient of determination (R2) with a
value of 0.9975. A positive Langmuir isotherm predicts that
the phytochemicals adsorb only to form a monolayer of
inhibitor film on the steel surface. A positive Temkin isotherm
predicts the formation of a multilayer by the corrosion inhibitor
(Magu et al, 2017; Marzorati et al, 2019). On the other hand,
the Freundlich isotherm depicts that the inhibitor is adsorbing
on a rough and uneven surface (Akinbulumo et al, 2020;
Chaudhary and Tak, 2022). From Figure 4, it can be seen that
the adsorption of the Spondias mombin extract followed the

Langmuir and Freundlich isotherms. This indicates that the
extract components adsorbed as single layer on very roughened
steel surface during the corrosion (Sidikat et al, 2018; Obi-
Egbedi et al, 2012). This mode of adsorption could easily
detach.
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Figure 4: (a) Langmuir (b) Freundlich and (c) Temkin and
isotherm plots for C1020 steel in 1 M HCI containing different
concentrations of water extract of Spondias mombin leaves at 25
°C.
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D. Electrochemical studies
1) Electrochemical impedance spectroscopy (EIS)

The analysis of the EIS is presented in the form of a
Nyquist, absolute impedance and phase angle plots as shown
in Figure 5. The addition of different concentrations of the
Spondias mombin leave extracts caused the size of the Nyquist
arcs to expand significantly in comparison to the size displayed
by the uninhibited solution (blank solution). This is shown in
Figure 5(a). This enlargement of the Nyquist arc size depict
lower rate of corrosion and increase in corrosion resistance
(Fang et al, 2019; Asfia et al, 2020; Chaudhary and Tak 2022).
It can be seen that the ethanol extract shows larger sizes than
the water extract, which confirm that the ethanol extract
exhibits greater protection of the steel surface than the water
extracts. This can be attributed to the fact the ethanol solvent
extracts more of the active components of the plant extract,
providing more molecules to adsorb and cover the steel for
protection against the acid corrosion (Ahanotu et al, 2020;
Akinbulumo et al, 2020).

The Nyquist trend is also supported by the absolute
impedance plots in Figure 5(b) whereby the addition of
inhibitor extracts continuously increases the value of
impedance at low frequency, compared with the blank
solution. Again the phase angle plots reveal higher peaks in
the presence of inhibitor extract. Higher peaks depict greater
corrosion resistance (Chaudhary and Tak 2022; Fang et al,
2019).

2500

However, only single peaks are observed in the phase
angle plots. This is the reason the impedance behavior of the
inhibited and uninhibited steel is modelled using the one-time
electrical equivalent circuit in Figure 5(d). The electrical
elements in the model are defined as solution resistance(Ry),
double layer admittance (Y;;) roughness parameter (n) and the
charge transfer resistance(R;). The value of R, is a measure
of corrosion resistance. Higher R values depict greater
corrosion resistance. The single peak shows that the corrosion
resistance impacted on the steel is via the inhibitor molecules
modifying the electric double layer at the steel-solution
interface (Chaudhary and Tak 2022; Fang et al, 2019; Ahanotu
et al, 2020). This double layer modification causes the
repulsion of water and chloride ions from the acid away from
the steel surface, as depicted in Figure 5(e).

The extrapolated electrical elements, as depicted by Figure
5(d) are presented in Table 2. The results show that the
inhibitor addition greatly lowers the amount of charges
admitted into the electric double layer at the steel-solution
interface. This is why lower Y, values are obtained in the
presence of plant extracts than in the blank solution.
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Figure 5: EIS analysis shown as (a) Nyquist (b) absolute impedance and (c) phase angle plots,

along with (d) electrical equivalent
circuit model and (e) schematic illustration of C1020 steel in 1M HCI containing water and ethanol extracts of Spondias mombin leaves
at 25 °C.

Table 2 EIS parameters obtained for corrosion of C1020 steel in 1 M HCI solution containing different concentrations of

ethanol and water extract of Spondias mombin leaves at 25 °C.

CPE,
Conc. R; Yu
(ppm). (Qcm?)  (uFem?s™Y)
Water extract
0 221 89.52 0.89
100 1.83 66.54 0.85
500 3.79 62.67 0.77
Ethanol extract
0 221 89.52 0.89
100 1.59 56.90 0.91
500 2.09 42.87 0.70

R Goodnessof % IE
(Qcm?)  Fit (x1079)
77.12 0.47 -
87.31 0.73 14.60
121.00 133 36.26
77.12 0.47 -
167.69  4.82 54.01
2004.10 3.20 96.15

Also the R_.values are greater with extracts, especially the
ethanol extract. This confirms that the extracts definitely
protected the steel surface when added to the acid solution. The
extent of protection is understood by calculating the inhibition
efficiency (% IE). From the analysis in Table 2, the water
extract gave an efficiency approximately 36 % at optimum
concentration tested, while the ethanol extract gave efficiency
approximately 96 % with the 500 ppm concentration.
However, the extracts shifted both anodic and cathodic current
to lower values. The implication is that the extracts exhibited
mixed-type inhibitions since they were able to lower both
anodic and cathodic reactions (Ahanotu et al, 2020; Ishak et al,
2019; Obi-Egbedi et al, 2014). The corrosion current density
was obtained by extrapolating the PDP curves around 10 mV
of the cathodic and anodic transition point. The corrosion
current density (i_corr) is a measure of corrosion rate. Lower
i_corr depict lower rate of corrosion and higher corrosion
resistance (Belakhdar et al, 2020; Fang et al, 2019).

2) Potentiodynamic polarization (PDP)

Figure 6 shows the result of the polarization of the steel
samples in the acid solution without and with concentrations
of 100 and 500 ppm of the different extracts. The influence of
the extracts on the anodic and cathodic reactions on the steel
surface during the corrosion in the acid solution is investigated
using the PDP technique. In the present study, the predominant
anodic reaction is the oxidation of Fe to Fe?* while that of the

cathodic reaction is the reduction of H* to Ho(g). The influence

of both extracts on the corrosion potentials of the steel was
observed to be minimal as seen the Figure 6. This implies that
the extracts had minimal influence on the thermodynamic
propensity of the steel to corrode in the acid solution
(Muthukumarasany et al, 2020; Magu et al, 2017; Chen et al,
2020).
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Figure 6: PDP analysis of C1020 steel in 1 M HCI containing
water and ethanol extracts of Spondias mombin leaves at 25 °C.
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Table 3 Polarization parameters obtained for corrosion of mild steel type - C1020 in 1 M HCI containing different
concentrations of ethanol and water extract of Spondias mombin leaves at 25 °C.

Sample Ecorr icorr("A/cmz) l}a _BC % IE
(mV) (mV/decade) (mV/decade)
Water extract
0 ~436.00  102.00 53.60 139.40 -
100 44700  84.70 50.50 161.40 16.96
500 45200  63.06 52.10 142.80 38.18
Ethanol extract
0 —43600  102.00 53.60 139.40 -
100 45600  55.50 47.20 133.20 53.75
500 —448.00  8.69 45.90 146.80 94.42
Table 3 shows that both extracts addition lowers the i_corr Onyeachu: Conceptualization, Methodology,

values, which implies that the extracts lowers the corrosion rate
of the steel. However, it was observed that the ethanol extract
causes the greater reduction in i_corr which confirms that the
ethanol extract performs better than the water extract (Obi-
Egbedi et al, 2014; Sidikat et al, 2018; Al-Otaibi et al, 2014).
Again the efficiency of the inhibitors (% IE) shows that the
ethanol extract is approximately 94 % at 500 ppm.

IV.CONCLUSION

The ethanol and water extracts of Spondias mombin leaves
have shown promising corrosion inhibition properties for mild
steel in 1 M HCI media. The values obtained in percentages for
inhibitor efficiencies showed that the extracts could serve as
effective green inhibitor for mild steel in acidic media. The
inhibition efficiency of both extracts on corrosion inhibition
increases with increase in concentration of each extracts. Both
extracts in the acid solution exhibited mixed-type inhibitions
due to their ability to lower both anodic and cathodic reactions.
The PDP analysis reveals that the extracts act as mixed type
inhibitor and its mechanism of inhibition is adsorption.

The adsorption model of inhibition on the mild steel
surface is via Langmuir and Freundlich adsorption isotherms.
The EIS investigation reveals that the inhibition of corrosion
on the mild steel is due to the formation of a single protective
film on the metal surface and the inhibition increases as the
extract concentrations increase. This result collaborates with
that obtained via weight loss and potentiodynamic studies. The
results of the investigations confirmed that the extracts of
Spondias mombin leaves has potential to prevent the corrosion
of mild steel in acidic environment and therefore serves as a
potential green inhibitor for the prevention of corrosion of mild
steel.
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