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ABSTRACT

The anti-corrosive property of Spondias mombin (SM) leaves extract on low carbon steel (LCS) and
aluminium alloy (AA2024) in 1M HCI solution was investigated using gravimetric and
electrochemical methods. The results obtained from the weight loss experiment performed at
various temperatures (30, 45, and 60 °C) show that the inhibition efficiency values decreased with
temperature rise but increased as the inhibitor concentrations were increased. At 30 °C, optimum
inhibition efficiency (IE) of 80.11% and 78.06% were obtained for LCS and AA2024 respectively.
The potentiodynamic polarization (PDP) result reveal that an optimum IE values of 92.1% and
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leaf extracts adsorption on AA2024 surface.

74.0% were respectively obtained for LCS and AA2024 while the electrochemical impedance
spectroscopy (EIS) data show IE values of 91.5% and 74.5% for LCS and AA2024 respectively. In
all cases, the values of inhibition efficiency obtained for LCS were greater than those obtained for
AA2024. This implies that SM leaf extracts offers a better protective-layer on LCS surface
compared to the AA2024 alloy in the acidic medium. The isotherm study reveal that Langmuir
model best fitted the adsorption of the leaf extracts on LCS while Freundlich model best fitted the

Keywords: AA2024 alloy; adsorption; protective-layer; isotherm.

1. INTRODUCTION

Aluminum alloy (AA2024) is light weight and
belongs to the 2000 series which contains
copper as its major alloying element. AA2024
alloy has applications in building and
construction as well as in aerospace industries
where material’s weight and strength is of great
essence [1]. Low carbon steel (LCS) has high
mechanical strength and is relatively cheap when
compared to the price of other alloys. These
qualities make LCS economically useful in the
construction of bridges, automobile body parts,
oil pipes lines, heat exchanger, heat sink, and
heat turbines. However, both aluminium and
steel are susceptible to degradation when
exposed to corrosive environment at elevated
temperature [2]. Material deterioration of metals
and alloys is mostly responsible for structural
failures experienced in bridges, as well as in olil
and gas, automotive, aerospace and naval
industries [3,4,5,6]. In the petroleum and gas
industries, over 50 % of the registered oil spills
due to undetected cracks in steel pipelines are
caused by corrosion [7]. In addition, failure of oil
exploration equipment such as drilling rig can be
attributed to corrosion which is as a result of
exposure to high temperature acidic environment
[8]. Over the years, inorganic and organic
substances have been employed to check
corrosion processes. However, organic
compounds have been of major interest to
researchers because they have been found to be
biodegradable, eco-friendly, low in toxicity, and
cost effective [9,10]. Organic substances that
have been mostly used as corrosion inhibitor
include; plant extracts [11,12], amino acids
[13,14], and carbohydrates [15]. The ability of
organic substances to retard corrosion of metals
is related to the presence of tannins, alkaloids,
flavonoids, and terpins [16,17]. These
phytochemicals function by blocking the active
sites of corrosion [18].

The aim of this work is to compare the corrosion
mitigation effects and adsorption mechanism of
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Spondias mombin leaves extracts on aluminium
alloy (AA2024) and low carbon steel (LCS) in
acidic medium. The reported Phytochemical
screening of Spondias mombin leaves shows
that the plant contains; 3.82% of tannins, 7.6% of
saponins, 6 % of alkaloids, 3 % of flavonoids,
and 1% phenols [19]. The use of Spondias
mombin leaves extract as a corrosion inhibitor
has been investigated by several researchers
[20,21,22,23]. However, these works were mostly
limited to the anti-corrosive performance of
Spondias mombin leaves extract on mild steel in
acidic medium. The corrosion inhibitory effects of
Spondias mombin leaves extract could possibly
be influenced by the choice of metal or alloy
used. This observation encouraged the
comparative investigation of the corrosion
inhibition effects of the leaf extracts on the
selected metals in acidic medium (1 M HCI)
using gravimetric analysis, potentiodynamic
polarization = (PDP), and electrochemical
impedance spectroscopy (EIS) techniques.

2. MATERIALS AND METHODS
2.1 Leaves Extracts Preparation

The Spondias mombin leaves were obtained
from New Market, Aba, Abia State, Nigeria. The
leaves were air- dried and crushed to powder
using grinding machine. 0.015 kg mass of the
ground leaves were loaded into a 24 x 80 mm
cellulose extraction thimble and was refluxed
severally in 15 mL ethanol boiling at a
temperature of 78 °C. A dark purple coloured
solution containing mixture of ethanol and the
leaves extract was obtained after four hours. The
solution was heated again to evaporate ethanol,
leaving behind a semi-solid substance. The
extracts concentration ranging from 0.1 - 0.5 g/l
were weighed and dissolved in 1 M HCI.

2.2 Corrodent Preparation

The HCI used has purity of 37% and density of
1.2 g/cm3. Acid volume of 82.2 cm? was diluted in
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917.8 cm?® of distilled water, using the serial
dilution method to obtain a 1.0 M Hydrochloric
acid medium.

2.3 Metals Preparation

The aluminium alloy (AA2024) and low carbon
steel (LCS) used for this experiment were
obtained from Federal University of Petroleum
Resources, Effurun, Nigeria and Kaiser
Aluminum, Sokane, respectively. The elemental
composition of the low carbon steel and AA2024
is shown in Tables 1 and 2 respectively. The
metal samples were cut to a dimension of 1.0 cm
x 1.0 cm coupons and were polished with emery
paper of different grades. The coupons were
degreased in ethanol, washed with distilled
water, air dried and stored in moisture free
environment.

2.4 Weight loss Measurement

The pre-weighed metal coupons of AA2024 and
low carbon steel were suspended with the aid of
hangers and immersed in 150 ml of 1 M HCI
blank solution and in 150 ml of 1 M HCI solution
containing various concentrations of SM leaves
extracts at 30 °C temperature. The immersed
coupons were retrieved progressively at 2 hours
intervals for 10 hours, and were washed, air
dried, and re-weighed. The weight loss was
obtained by taking the difference in weight of the
specimen before and after immersion. The
experiments were performed in triplicates for
good reproducibility and were repeated at
elevated temperatures of 45, and 60 °C.

2.5 Electrochemical Measurements

The potentiodynamic polarization (PDP) and
electrochemical impedance spectroscopy (EIS)
measurements were performed at room
temperature. The PDP measurements were
performed using the conventional three cells
system; the working electrode (1cm x 1cm
AA2024 coupon), the reference electrode
(saturated calomel electrode), and the counter
electrode ( 1 cm x 1cm platinium plate). For the
PDP measurements, the working electrodes
were immersed in a test solution (1 M HCI)
containing no inhibitor and solution which
contains various inhibitor concentration for half
an hour. The dynamic polarization curves were
obtained at a 1 mV/s scan rate within a potential
range of -0.25 V to +0.25 V.

The EIS measurements were performed over a
frequency domain range of 10 Hz to 100kHz at
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room temperature using amplitude of 5 mV peak
to peak ac signal at the open circuit potential and
at air atmosphere. The EIS data was analyzed
using EC301 potentiostat attached with SRSLab
software.

3. RESULTS AND DISCUSSION
3.1 Weight loss Measurement

Values obtained from the weight loss experiment
were used calculate the corrosion rates (C.R) of

the metals, inhibition efficiencies (%) of the
inhibitor, and surface coverage (8) using
equations 1, 2 and 3 respectively.
kAw
C'R_E 1)
where;

K = constant for unit conversion with value of
87.6, A

W = weight loss of the coupon in g,

p = density of coupon in g/cm3,

A = Area of coupon in cm?,

t = exposure time in hours

(%) = ”%’1 x 100 % 2)

Where; p1 and po are respectively the corrosion
rate in the presence and absence of the inhibitor.

_1(%)
100

0

3

The plots of the corrosion rates of LCS and
AA2024 against inhibitor concentration at various
temperatures after 6 hours of exposure are
respectively shown in Fig. 1a and 1b.

The plots show that for the uninhibited
environment, LCS deteriorated at a higher rate
reaching value of 15.02 mm/yr, compared to
13.294 mml/yr obtained for AA2024.The plots
also indicate a significant decrease in the
corrosion rates of both metals in the inhibited
environment compared to the blank. The
corrosion rates of both metals were found to
increase with temperature rise but decreased
with increasing concentration of the inhibitor. The
reduction in corrosion rates as inhibitor
concentration is increased implies an adsorption
of the adsorbate on the metal’s surface resulting
to the formation of protective film [24]. The plots
of the inhibition efficiency versus inhibitor
concentration (Fig. 2a and 2b) show an increase
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in efficiency of the inhibitor as the concentration
is increased but a decline inefficiency as
temperature rises. This is suggestive of physical
adsorption of the inhibitor molecules on the
metals surface [25]. An optimum inhibition

efficiency of 80.11% and 78.06% were obtained
for LCS and AA2024 respectively. This implies
that Spondias mombin leaves extract has a
slightly higher inhibition efficacy for LCS in the
acidic medium compared to the AA2024 alloy.

Table 1. Elemental composition of low carbon steel

Element C Mn Si P

S Cu Pb Ve Mo Fe

Actual(wt%) 0.05 113 0.5

0.91

085 0.09 015 0.13 0.08 96.56

Table 2. Elemental composition of low carbon steel

Element Si Fe Cu Mn Mg Cr Zn Ti \Y Al
Actual (wt%) 0.08 0.19 4.61 0.55 1.3 0.01 0.11 0.06 0.05 93.13
16.00 -
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Fig. 1a. Corrosion rate of LCS versus concentration at various temperatures
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Fig. 1b. Corrosion rate of AA2024 versus concentration at various temperatures
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Fig. 2b. Inhibition efficiency of Spondias M. extracts on AA2024 in 1 M HCI at various temp

3.2 Potentiodynamic Polarization Result

The potentiodynamic polarization curves (Tafel
plot) of LCS and AA2024 exposed to 1M of HCI
environment in the presence and absence of SM
leaf extracts are respectively shown in Fig. 3a
and 3b. The plots indicate a decrease in
corrosion current density (lcor) as the
concentration of the inhibitor increased. This
implies that the anodic dissolution of the metals
and cathodic reduction of hydrogen ions were
inhibited; suggesting a reduction of the active
surface area and the formation of a protective
layer of the adsorbate molecules over the
surface of the metals [26]. Table 3 show the
values of the PDP parameters obtained. Table 3
show that the corrosion potential (Ecor ) tend
toward negative values for all concentration and
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the maximum displacement shift values were
less than 85mV which indicate that Spondias
mombin leaf extract behave as mixed inhibitor
[27]. The inhibition efficiency was calculated
using the equation,

100
1

0 _qin
IE = lcorr —lcorr (4)

igOTT
where {2, is the corrosion current density for
the blank and i, is the corrosion current
density for the inhibited system. An optimum
inhibition efficiency value of 92.1% and 74.0%
were respectively obtained for LCS and AA2024
which is in close conformity with values obtained
for the weight loss experiment. This indicate that
the leaf extract offers a slightly higher
protectively coverage to mild steel compared to
AA2024 in 1 M HCI.
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Fig. 3a. PDP plot of LCS in 1 M HCI in the absence and presence of SM
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Fig. 3b. PDP plot of AA2024 in 1 M HCI in the absence and presence of SM

Table 3. Potentiodynamic polarization parameters for LCS and AA2024 in 1 M HCl in the
Absence and Presence of Spondias mombin extracts

Metal C(mg/L) Ecorr(MV/SCE) lcorr(WA/CM?) % I.LE
Low Blank -436.4 157.8 -
Carbon 100 -488.2 20.4 87.1
Steel 1000 -502.3 12.5 92.1
AA2024 Blank -558.4 154.8 -
Alloy 100 -445.5 63.5 59.0
1000 -487.7 40.2 74.0
3.3 Electrochemical Impedance higher the concentration of the inhibitor, the

Spectroscopy

The Nyquist plots of LCS and AA2024 exposed
to 1M of HCI environment in the presence and
absence of Spondias mombin extracts are
respectively shown in Fig. 4a and 4b. The plots
show a unit capacitive-like, depressed semi-
circular loop extending over the frequency range.
The trend of the Nyquist plots reveals that the
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more the increase in radius which suggest a
charge transfer process between the adsorbate
and adsorbent [28] and also confirm that the
leaf extract as an adsorption inhibitor for both

metals in 1M solution of HCI The loops
were characterized by imperfect semi-
circles which can be attributed to the

inhomogeneities and roughness of the metals’
surface [29].
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Fig. 4a. Nyquist plot of LCS in 1 M HCI environment in the absence and presence of SM
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Fig. 4b. Nyquist plot of AA2024 in 1 M HCI environment in the absence and presence of SM

The impedance parameters were obtained using
EIS equivalent circuit model which consist of
solution resistance Rs, charge transfer resistance
Rct and pure capacitor of double layer Ca as
shown Fig. 5. The charge transfer resistances
Rcr represents the real impedance value and
depends on the low frequency data while the
solution resistance Rs depends on the high
frequency data. The EIS inhibition efficiency can
be obtained using values of the charge transfer
resistance as shown in equation 5;

0
Rcr—Rer
Rcr

1% = )
Where; Rcr is the charge transfer resistance in

the presence of inhibitor and R, is the charge
transfer resistance in the absence of inhibitor.
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The values of the electrochemical impedance
parameters obtained are recorded in Table 4.
The table shows an increase in Rct values as the
inhibitor concentration is increased which could
be attributed to the formation of protective layer
at the metal-solution interface. The table also
shows that for LCS, inhibition efficiency values of
86.7% and 91.5% were respectively obtained at
100mg/L and 1000 mg/L concentration while for
AA2024, an inhibition efficiency of 57.5% and
74.5% were respectively obtained at 100 mg/L
and 1000 mg/L concentration. This implies
that Spondias mombin leaves extract offers a
better anti-corrosives layer on LCS surface
compared to AA2024 alloy in the acidic
medium. This corroborates with the results
obtained for the weight loss and potentiodynamic
experiments.
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Fig. 5. EIS Equivalent circuit

Table 4. Electrochemical Impedance Parameters for LCS and AA2024 in 1 M HCl in the
Absence and Presence of Spondias mombin extracts

Metal/alloy C(mg/L) n Ret (Q-cm?) RL(Q-cm?) % I.E
Low Blank 0.89 39.7 - -
Carbon 100 0.88 298.6 - 86.7
Steel 1000 0.89 467.8 - 91.5
AA2024 Blank 0.89 156.7 - -
Alloy 100 0.89 368.7 309.6 57.5
1000 0.89 614.5 619.2 74.5

Table 5. Adsorption isotherm parameter of Spondias M. leaves extract on low carbon steel in 1
M HCI environment at various temperatures

T Langmuir Temkin Freundlich

(K) R? Kads AG.gs R? a Kadss AGads R? N Kads AGads
(kJ/mol) (kJ/mol) (kJ/mol)

303 0.994 14.08 -16.781 0.876 0.082 1.16 -10.501 0.855 3.921 0.98 -10.082

318 0.983 12.34 -17.263 0.865 0.088 1.17 -11.054 0.855 3.533 1.00 -10.618

333 0.968 13.69 -18.365 0.715 0.040 1.05 -11.270 0.744 6.944 0.68 10.056

Table 6. Adsorption isotherm parameter of Spondias M. leaves extract on AA2024 in 1 M HCI
environment at various temperatures

T Langmuir Temkin Freundlich

(K) R? Kadss AGads R? a Kads AGags R? n Kads AGags
(kd/mol) (kd/mol) (kJ/mol)

303 0.953 4.11 -13.681 0.958 0.132 1.272 -10.725 0.991 1.926 1.075 -10.301

318 0.956 4.34 -14504 0.931 0.113 1.229 -11.164 0.936 1.960 0.969 -10.536

333 0985 4.34 -15.188 0.967 0.092 1.162 -11.535 0.947 2.114 0.824 -10.585

3.4 Isotherm Studies represented by equations; 6, 7 and 8

respectively.

In isotherm studies, the linearity of a graph and

good correlation coefficient (R2) may be R (6)

interpreted to suggest that the experimental data 0 Kaas

for the studied inhibitor obey a particular 1 1

adsorption isotherm. The adsorption behaviour of 6= }I"kads + }I"C ()

Spondias mombin leaves extract on low carbon

steel (LCS) and AA2024 alloy was investigated log, = log.k + log.C (8)

by fitting data obtained from the weight loss
temperature  variation measurements into
different adsorption isotherms. The Langmuir,
Temkin, and Freundlich isotherms model are

Where © is the degree of surface coverage, C is
inhibitor's concentration, f determines the
adsorbent-adsorbate interaction, n describes the

20
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adsorbate type(0 < n <1) and Kags is the
adsorption  equilibrium constant used in
calculating the Gibb’s free energy of adsorption
(AGads).

AGu4s = —RT In(55.5K,45 ) 9)
where R is the gas constant with value of 8.314
kd/mol and T is the temperature in Kelvin and
55.5 is the concentration of water in the solution
in mol/L. Adsorption data obtained from the
isotherm studies are presented in Tables 4 and
5. Table 4 shows maximum R? values of 0.994
for Langmuir, 0.876 for Temkin, and 0.855 for
Freundlich isotherms at 30 °C temperature, while
Table 5 shows maximum R? values of 0.953 for
Langmuir, 0.958 for Temkin, and 0.991 for
Freundlich isotherms 30 °C temperature. The R2
results reveal the Langmuir model best fitted the
adsorption of the inhibitor on LCS while
Freundlich isotherm best fitted the inhibitor
adsorption on AA2024 surface. The values of the
equilibrium adsorption constant Kadgs were found
to decrease with temperature rise which indicate
decline in adsorption of the adsorbate on the
metal's surface. The negative values of AGads
indicate that the adsorption process of the leaves
extract was spontaneous [30]. More so,the
calculated AGags values shown in Tables 4 and 5
were all greater than -20 kJ/mol which suggest
that the adsorption process of the leaves extract
follows physisorption mechanism. The values
adsorbent-adsorbate interaction term “a” were all
positive and less than unity. This implies the
existence of a lateral attractive force between the
BF and SM molecule and the adsorption layer
[31].

4. CONCLUSION

Anti-corrosive effects of Spondias mombin
leaves extract on aluminnium alloy (AA2024) and
low carbon steel (LCS) was investigated using
weight loss and electrochemical methods. From
the result obtained, the following conclusions
were made;

1. The leaves extract of Spondias mombin
inhibited the corrosion of AA 2024 alloy
and low carbon steel in 1 M HCL solution
by physical adsorption.

The inhibition efficiencies were found to
increase with increase in concentration of
inhibitor but decreased with temperature
rise.

In all cases, the values of inhibition
efficiency obtained for LCS were greater
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than those obtained for AA2024. This
implies that SM leaves extract offers a
better anti-corrosives layer on LCS surface
compared to the AA2024 alloy in the acidic
medium.

The free energy (8] adsorption (AG°ads)
has negative values. This indicates that the
adsorption of the Spondias mombin extract
on the surface of both metals follows a
spontaneous process.
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