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ABSTRACT
Synthetic inhibitors use by industries often have adverse effect on the environment. This work therefore investigates
the use of plant extract as an inhibition to mild steel corrosion in an acidic environment. Weight loss method was
adopted to evaluate inhibition efficiency by plant extract as corrosion inhibitors. Almond seeds (Prunusdulcis) was
extracted with the aid of Soxhlet apparatus. The corrosion inhibition experiment was performed by setting up reactors
containing mild steel coupon with variable concentrations of plant extract and 200ml of 1.5M HCl solution. The study
revealed that the extract was an efficient inhibitor and was most effective as the concentration increased from 0.81%
at 0.01g/ml to 69.95% at 0.15g/ml respectively. Adsorption study on mild steel surface showed that the experimental
2
data fitted better into the Temkin isotherm with regression R closer to unity. Arrhenius constant and activation energy
estimated at temperatures 308K to 328K revealed that activation energy Ea increased with increasing inhibitor
concentration from 5348.23J/mol at 0.01g/ml to 6151.44J/mol at 0.05g/ml. The outcome of the study revealed that
mild steel is susceptible to corrosionwhich is capable of destroying the material and increasing inhibitor concentration
and temperature has significant influence on the corrosion.
KEYWORDS: Mild steel, Corrosion, Inhibitor, Plant Extract, Adsorption.
1.0

INTRODUCTION

Corrosion is the destruction of a material by a reaction
which involves chemical, biochemical or electrochemical
processes with the immediate environment. Metals
generally tend to corrode as they always prefer to return
to the stable oxide forms as a result of corrosion. An
example is iron which returns to the oxide form when
corroded (Rahuma et al., 2013).Mild steel easily gets
corrodedby several minerals, organic materials, water
and/or air in the soil (Akpofure and Kehinde2006). The
different soil electrolytes contained in soil often results in
fast corrosion rate of steel material due the complex
materials in alloy (Rim-rukeh and Awatefe, 2006).
Various factors influence the corrosion metals in soils
such as pH, oxidation reduction potential and residual
microbes (Popoola et al.,2013).

Most synthetic inhibitors are organic compounds
containing nitrogen, sulphur or oxygen atoms in their
structures (Chigondo and Chigondo, 2016).The cost of
these inhibitors is high and the inhibitor could be toxic to
human and the Environment. This pestilent effects has
created the desire for an environmentally friendly
inhibitors as a replacement for the toxic synthetic
inhibitors to promote greenness to the environment.
These readily available plant derived green inhibitors are
nontoxic, inexpensive and replenishing which can be
extracted from various plant parts (Okafor et al., 2011;
Oguzie et al.,2013). The used of plant extracts as
inhibitors are vindicated by the phytochemical contents
which have both electronic and molecular structures
similar to the convention synthetic inhibitors(Oguzie et
al.,2013). This investigation of the use of Prunusdulcis
extract as a green corrosion inhibitor on mild steel in
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acidic medium involve the effects of temperature on the
corrosion rate.
Mild steel has been a major metal often utilized in
various industries including the petroleum industry
because of its low cost and availability. However, this
material is highly susceptible to various form of
corrosion in the industries. Because of this problem,
corrosion control has been a major challenge and
synthetic corrosion inhibitors has been employ by many
industries as an efficient method of corrosion control
especially in acidic medium. These corrosion inhibitors
has been massively used in the industry to prevent fast
deterioration metal due to corrosion (Santhana et al.,
2014).
Extracts from plants have proven to be active in the
inhibition of metals corrosion and therefore a potential
replacement for synthetic inhibitors as a result of
successes achieved by several researchers (Yadav et
al., 2016; Rahuma et al., 2013). The active ingredient as
well as the structure of the green inhibitor determines
the mechanism of action (Yadav et al., 2016). Several
studies have reported that the active compounds in
these plants extracts are adsorbed on the carthodic sites
of the metal in acidic solution thereby interfering with the
cathodic reaction which normally lead to corrosion (Rani
and Basu 2012).The active constituents of natural
inhibitors vary from one plant species to another but
their structures are closely related to their organic
counterparts (Chigondo and Chigondo, 2016). Mild steel
corrosion inhibition by prunusdulcis has been previously
reported by Shweta et al.(2018) where the extracts from
the peels were experimentally investigated as a green
corrosion inhibitor on mild steel.
Prunusdulcis (Almond) tree is one of the most common
plant in places within the southern part of Nigeria and
produced nuts that are easily consumed with refreshing
taste (Olatidoye, et al., 2011).Almond plants are known
to contain various phytochemicals such as phenolics,
saponins, tannins, and flavonoids with organically active
components
like
proanthocyanidins
monomers,
isorhamnetin-3-O-rutinoside and chlorogenic acid
(Bolling, 2017;Mandalari, et al,2010). These compounds
containheteroatomic components which help in
adsorbing to metal surface thereby causing inhibition to
corroding environment.The corrosion inhibition study of

mild steel in acidic medium using the Prunusdulcis seed
extract is a technological innovative approach. It will
make the most economical methods of management
and control of steel metal corrosion using very available
plant material.
2.0 MATERIALS AND METHOD
2.1 Plant Extract Preparation
o
Almond seeds were oven dried for 4 hours at 80 C to
reduce the moisture contents. The dried seeds were
ground before extraction, using Soxhlet Apparatus with
pure and analytical grade n-hexane as solvent. The
extract was then freeze-dried to obtain concentrated,
aqueous extracts.
2.2 Preparation of Mild Steel Coupon
The mild steel coupons of sizes 3cm x 8cm x 0.2cm has
a hole of about 0.1cm drilled at one end to enable tying
up with a nylon tread. They were then mechanically
polished with silicon carbide abrasive paper, degreased
with ethanol, washed in distilled water and dried in
acetone.
2.3 Thecorrosion experiment
Corrosion inhibition experiment was conducted
according to the method adopted by Gopal et al., (2011).
Mildsteel coupons used in this experiment were
accurately weighed with the aid ofan analytical balance
with sensitivity of ±0.1mg. The coupons were totally
immersed in 200ml solutions of 1.5MHCl in a 500ml
beaker. The extract of the prunusdulcis seeds were thus
added in various amounts in weight per volume from
0.01g/ml, to0.15g/ml and a control which did not contain
the extract. Weight loss of the coupon was estimated at
time intervals of 24hours for a period of 5 days. This
procedure was repeated at different temperatures of
30oC, 40oC and 50oC. They were thoroughly washed
with distilled water and then with n-hexane to remove
any waxy formation on the surface (Umoren, et al.,
2010) and then reweighed. Weight loss was calculated
from the difference in the weight of the mild steel
coupons before immersion and after immersion into the
test
solutions
(Equation
1).

wa − wb
× 100
(1)
wa
Where Wt is percent weight loss, wa is the initial weight of coupon and wb is the final weight of coupon.
Wt =

3.0 RESULTS AND DISCUSSION
3.1 Results of corrosion Study on Mild Steel
Figure (1a) shows the efficiency of inhibition by the
plants extract reduces as the number of hours increased
in the corrosion reaction. This shows that effective
inhibition is best operated by constantly replenishing the
inhibitory plant extract.

Figure (1b) shows that the extract was most efficient as
the concentration of inhibitor increases from 0.01g/ml to
0.15g/ml. these results agrees with similar work done by
Oguzie et al.,(2013). This can be attributed to the
digestive capacity of the acid. Efficiency at 24 hours was
highest and reduces correspondingly through 120 hours
in the acidic medium.The nature of the inhibitor
interaction with the corroding surface has been deduced
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from the adsorption characteristics of the inhibitor.
Surface coverage (θ) values are much useful to
measure the adsorption characteristics. The surface
coverage of an inhibitor at any concentration is
calculated using the equation (2).The measurements
were performed at ambient temperature in the reactors.

w0 − wi
w0
w − wi
ηw = 0
× 100
w0
Where wi and wo are the weight losses in presence and absence of inhibitor, respectively.

θ=

70

[a)

80
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All the experiments were performed in triplicate and
average values were recorded. The concentration of
inhibitor for weight loss study was taken in mg/l. The
surface coverage θ (Equation 2) and inhibition efficiency
ηw(%) (Equation 3) were determined according to
Umoren et al., (2016)
(2)

(3)

[b)
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Figure 1: Inhibition efficiency of almond seed extract: (a) with time of immersion and (b) with concentration of inhibitor.
3.2 Adsorption isotherm studies
Adsorption isotherm was employed to understand the
interaction between the inhibitor and metal surface. The
degree of surface coverage [Ө] obtained from the weight
loss studies was used to evaluate the best isotherm that
fits into the information obtained. Langmuir and Temkin
isotherm were employed to establish the isotherms most
appropriate to the experimental data. The linear
2
correlation coefficient with R values which is nearer to
unity was taken to define the type of adsorption process.
Langmuir adsorption process considered the interaction
between the inhibitor molecules and the metal
substrates and not between the inhibitor molecules.

The performance of the studied inhibitor may be
attributed to the presence of electron donor atoms like N
or S or O in the molecular structure of the inhibitor which
favoured the greater adsorption of it on the metal
surface (Dada et al., 2012). Several attempts were
made to fit various isotherms. In the present study, the
experimental data were best fitted by Langmuir and
Temkin adsorption isotherms.
3.3 Langmuir Adsorption Isotherm
The Langmuir isotherm is presented in equation (4)
according to Nwabanne and Okafor (2012).

C

θ

=

1
+C
K

(4)
Where
C is the inhibitor concentration, θ is the degree of
surface covered by the inhibitor, and K is the adsorption
equilibrium constant. A plot of

C

θ

versus C yields a
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linear relationship where the slop is unity and the
constant as the intercept. The inhibitor is said to be
strongly adsorbed if the adsorption equilibriu
equilibrium constant

is large. The slope is near unity because each inhibitor
molecule is adsorbed on an individual active site on the
metal
surface
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Figure 2: Langmuir adsorption isotherm
This explains that the adsorption of the inhibitor
molecules on the mild steel surface is reliable on

Langmuir adsorption isotherm model and the correlation
2
coefficient (R ) obtained are near to unity.

Table 1: Langmuir isotherm constant values
K
12.048
3.4 Temkin adsorption isotherm
This isotherm contains a factor that very well considers
the interactions between adsorbent and adsorbate. By
ignoring the extremely low and large value of
concentrations, the model assumes that heat of
adsorption (function of temperature) of all molecules in
the layer would decrease linearly rather than logarithmic
with coverage (Umoren et al., 2016).
). As implied in the
equation, its derivation is characterized
ed by a uniform
distribution of binding energies [up to some maximum
binding energy] was carried out by plotting the quantity
of surface coverage θ against log C and the constants
were determined from the slope and intercept. The
model is given by the following
owing equation according Dada
et al.,(2012).. Temkin isotherm model explicitly takes into
account the interaction between adsorbate and
adsorbent(Umoren et al., 2016).
). It assumes that fall in

2

R
0.832
heat of adsorption is linear rather than Logarithmic. The
equation can be expressed as in equation (5):

θ =−

2 .303 log K 2 .303 log C
−
2a
2a

(5)

K is the adsorption equilibrium constant and, “a
“a“ is the
attractive parameter. The θ and log C are amount of
adsorbed dissolved solids per unit weight of adsorbent
and unadsorbed dissolved solid concentration in solution
at equilibrium, respectively. A plot of θvslog C yields a
linear relationship where slop is −
will be −

2 .303
and intercept
2a

2 .303 log K
. The value of ‘a’ should be
2a

negative to show that repulsion occurred in the
adsorption
layer.
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Figure 3: Temkin adsorption isotherm plot at 30oC
From the Temkin plot shown in Figure 3, the following
values were estimated: ‘a’ = -2.167 L/g, K =
0.00959J/mol which is an indication of the heat of

sorption indicating a physical adsorption process and
the R2 = 0.9528.

Table 2: Temkin isotherm constant values
K
0.00959

a
-2.167

2

R
0.9528

3.5 Rate of Corrosion
The corrosion rate (CR) of mild steel was calculated
using (Equation 6) the relation according to Cang et
al.,(2012):

By comparison of the degree of linearity of the
adsorption isotherms by the values of R2(Tables 1 and
2), It was observed that Temkin isotherm best fitted at
temperature of 303K than at 333k. This confirm the
strong influence of temperature on the adsorption
behaviour of inhibitor.
The slope at 303K are greater than the values obtained
at 333K, indicating that the strength of the attractive
behaviour of the inhibitor decreases with temperature.
The strength of the attractive behaviour of the inhibitor
was deduced from the values of slope obtained at 303 K
which were obviously greater than that obtained at 333
K (Unueroh et al., 2016).

CR =

kw
Atρ

(6)

Where k is weight loss constant 87.6mdd, w is corrosion
weight loss of mild steel (mg), A is area of the coupon
2.0 by 4.0cm, t is exposure time (24 hours), and ρ is the
theoretical density of mild steel (low-carbon
steel)(7.85g/cm3) from engineering tool box (2020).
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Figure 4: Effects of inhibitor concentration on the corrosion rate
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It was observed from Figure (4) that increasing the
concentration of inhibitor results in the decrease of the
corrosion rate of mild steel at ambient temperature of
about 30oC.

k CR is the corrosion rate and A is frequency factor also
referred to as the pre-exponential factor. E a is the
−1

3.6 Effects of temperature on inhibition efficiency
Analysis of the temperature dependence of inhibition
efficiency, corrosion rate as well as activation energies
in the absence and presence of the inhibitor gives some
insights into the possible mechanism of inhibitor
adsorption. In order to evaluate the adsorption of
inhibitors and to calculate thermodynamic and activation
parameters of the corrosion processes of the mild steel
in acidic media, the effect of temperature on the
corrosion parameters was studied using the weight loss
technique. Measurements were made in the
temperature range 303k to 328K with inhibitor
concentrations of 0.01, 0.03 and 0.05g/ml during the
total immersion period. Activation parameters for some
systems can be estimated from an Arrhenius-equation
(Equation 7).

 E 
k CR = A exp − a 
 RT 

log k CR = log A −

-

Ea
RT

(8)

Inspection of the data shows the corrosion rate of mild
steel increased with increase in temperature. The
increase in corrosion rate is more pronounced for the
uninhibited acid solutions (Figure 5). Increasing inhibitor
concentration was observed to decrease corrosion rate.
The effects of increase in temperature was significant as
the rate of corrosion rose from 0.06mddat 303K to
0.095mdd at 328K.The uninhibited had the highest
corrosion thereby proving the efficiency of the inhibitor.
The observed efficiency with increase in temperature is
an indication that some of the extract components
become more adsorbed at higher temperature and so
contribute more to the overall inhibiting effect.

(7)

CR@ C=0.1

−1

activation energy in Jmol ,R is gas constant in Jmol K
1
while T is absolute temperature in kelvin (K). The
values of activation energies and frequency factors were
estimated from the linearization of Equation(7) which
produced equation(8).
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Figure 5: Effects of increasing temperature with concentration of inhibitor on the rate of corrosion.
The study of corrosion rate and kinetic parameters are
of importance in the control of corrosion. From the
Arrhenius equation (Equation 8), the activated energy
can be estimated.
The study of corrosion kinetics includes the investigation
of different experimental conditions impact on the
chemical reaction rate and thus provides information
about the mechanism of the reaction as well as the

construction of a mathematical model which is capable
of describing the character of the reaction
(Oguike,2014).Data of corrosion rate with respect to the
acid concentration can be used to prove the rate
dependence of the acid concentration. The kinetic and
thermodynamic parameters were estimated from the
following
equations (7) and
(8) respectively
(Oguike,2014).
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Figure 6: Corrosion rate constant at inhibitor concentration of 500mg/l inhibitor concentrations respectively.
The effects of almond seed extract inhibitor on the
activation energy in the corrosion process is shown in
Figure 6. From the Arrhenius plot, the Arrhenius
constant and activation energy can be determined. The
activation energy Ea increases with increasing inhibitor

concentration. Therefore, that there is a strong surface
interactions with a corresponding frequency factor A
increase. The values of A were obtained from the yintercept of the Arrhenius plots while Ea was obtained
using the slope.

Table 3: Kinetic parameters of corrosion rate constant
Rate Constant
kCR @ 0.0mg/l
kCR @5000mg/l

A
27.61
17.211

Table 3 summarizes the results for all concentrations of
inhibitor. Inspection of the table reveals that the
introduction of inhibitor causes an increase in the
activation energy from the blank case of 5731.26 J/mol.
The activation energy is the amount required for the
corrosion reaction to proceed. Thus, the increase in
magnitude of E a , with the inhibitor concentration,
indicates that it is more difficult for the corrosion reaction
to proceed. Higher values of Ea are a good indication
that almond seed extract provides strong inhibitive
action through raising the energy barrier of the corrosion
process. The increase of the Ea can be attributed to the
presence of the almond seed extract which increases
the thickness of the double layer. The overall trend for
almond seed extract is that as the concentration
increases, the activation energy increases.

CONCLUSION
This study provides investigation on the effects of the
almond seed extracts on the inhibition of corrosion
caused by acidity in a medium. The outcome of the
investigation has revealed that mild steel is susceptible
to acidic mediumwhich is capable of corroding the
material.
The inhibition process has shown that all inhibitor
concentrations significantly reduces the corrosion as
was evident in the weight loss estimation.
The surface interaction between the mild steel and the
inhibitor estimated by Langmuir and Termkin adsorption

Ea(J/mol)
5731.26
6151.44

2

R
0.9100
0.9998

isotherms revealed that Temkin fitted better with the
experimental data obtained with a higher regression
value.
Increasing the temperature of the corrosion medium was
also observed to result in increase in corrosion rate but
with corresponding increase in inhibition efficiency
indication that some of the extract components become
more adsorbed at higher temperature and so contribute
more to the overall inhibiting effect. The overall trend for
almond seed extract is that as the concentration
increases, the activation energy for the corrosion
increases.
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