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Abstract: The applications of inorganic and
some organic corrosion have received
several setbacks because of their toxicity.
Consequently, current research interests are
directed toward the design, synthesis and
application of green corrosion inhibitors.
This paper reports the use of the ethanol
extract of Calopogonium muconoide against
the corrosion of mild steel in 0.5 M
hydrochloric acid using weight loss
measurements at 303 K and 333 K. Results
obtained from weight loss measurements
indicated that the plant extract retarded the
corrosion of mild steel coupons in the acid
media at 91.39 % and 56.79 % inhibition
efficiency thereby functioning as a good
corrosion inhibitor against the dissolution of
steel in 0.5 M hydrochloric acid. The
inhibition efficiency of plant extract on mild
steel in 0.5 M HCI was investigated. The
inhibition performance was tested by weight
loss technique. The results obtained from the
weight loss method showed that inhibition
efficiencies increase with an increase in the
concentration of the plant extract molecules
and with the highest inhibition efficiency
observed at the optimum concentration of 1.2
g/L. At 303 K and 333 K, the inhibitor showed
inhibition efficiency of 91.39 % and 56.79 %
respectively. Inhibition efficiencies were also
found to decrease with an increase in
temperature. Apparent activation energy
values in the inhibited systems (35.62 kJ/mol,
39.23 kJ/mol/44.47 kJ/mol, 49.49 kJ/mol,
56.64 and 58.10) were found to be greater
than that of the free acid solution (12.98
kJ/mol) showing the adsorption of the plant
extract on the steel surface to be by physical
mechanism.  The following adsorption
isotherms were implored in the study;

Freundlich, EI-Awardy et al and Langmuir
isotherms with Langmuir showing the best
description of the experimental data with
correlation coefficient value (R > 0.99). In
the study, values of enthalpy, 4/ were all
negative showing the exothermic nature of
the corrosion and inhibition processes while
free energy values for the inhibition
processes at 303 and 333 K were -16.84
kJ/mol and -15.56 kJ/mol respectively
revealing the inhibition of mild steel in the
acid media by the plant extracts to be
spontaneous except at 1.0 g/L and 1.2 g/L
concentrations at both temperatures.
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1.0 Introduction

As a significant alloy in the universe, mild
steel is the substance of choice in oil
manufactures

for its ability to work mechanical and low
coast (Adewuyi and Gopfert, 2014; Anupama
et al., 2017). In several industrial processes
such as acid cleaning, acid well acidizing,
and acid pickling, rust and contaminated
scales were generally removed using acid
solutions. (Uhlig, 1985). The use of acids
during treatment and cleaning processes will
lead to corrosion of the metal surface,
therefore, an appropriate corrosion inhibitor
is urgently needed. Moreover, hydrochloric
acid can be produced as a by-product of the
crude oil desalting process and some oil
refinery treatments  (Mitchell, 1998).
Hydrochloric and sulphuric acids are the
most widely used mineral acids in the
pickling processes of metals (Gale and
Totemeier, 2003). Organic compounds
containing a heteroatom, such as nitrogen,
oxygen, sulfur and phosphorus, or containing
double and triple bonds, as well as aromatic
rings are considered one of the most
important materials recognized in practice
and used as anti-corrosion inhibitors. To
protect mild steel from the corrosive
environment and also to reduce the
consumption of acidic solutions that occurs
during prolonged operation (Mobin et al.,
2017; Al-Taweel et al., 2019). Inhibitors can
control the dissolution of metals and alloys
by twisting a layer of anti-corrosion on the
surface of the metal or alloy to prevent
corrosion thus not being exposed to an acidic
solution (Mourya et al., 2015). The approach
of adsorption inhibitor consists of the
inhibitor chemical structure and the nature of
the solution acid or base (Banerjee et al.,
2012). Consequently, inhibitors must be
active, not expensive and eco-friendly
(Morad, 2008; Abiola and James, 2010). It is
generally known that the spontaneous

e

dissolution of iron in acid solution produces

Fe2+ ions, which corresponds to the anodic
reaction, accompanied by discharging of
electrons by hydrogen evolution at cathodic
sites on the metal surface. Because of the
general destructive attack of acid solutions,
the use of inhibitors to control the
aggressiveness of acid environments was
found to have widespread applications in
many industries (Lalitha et al., 2005). The
feasibility of protection methods depends
mainly on the conditions and surrounding
environment that materials, particularly
metals, experience during service conditions.
The use of corrosion inhibitors to minimize
corrosion rate in closed service systems is
well-established and generally accepted
(Garai et al., 2012; Anthony et al., 2004). In
literature, several organic compounds have
been reported as potential corrosion
inhibitors for different metals, but on the
other hand, ecological and healthy problems
have arisen because of using such synthetic
compounds. In recent years, a considerable
amount of effort devoted to finding low-cost
and efficient corrosion inhibitors from
natural resources such as plant extracts that
can be used as promising alternative sources
for corrosion inhibitors (Weina et al., 2014;
El-Etre, 2006; Fouda et al., 2015). Several
studies published on the use of some plant
extract as corrosion inhibitors pivot their
purpose on the nontoxicity, eco-friendly,
avoidable cost and accessibility as the major
factors behind their choices (Zucchi and
Omar, 1985; Fouda et al., 2014; Oguzie,
2007). However, to the knowledge of the
current researchers little has been reported on
the use of this plant leaf as a corrosion
inhibitor. Emembolu and Onyenanu (2020)
reported inhibition efficiency as high as 91%
for the calopogonium mucunoides leaf
extract in the literature as a corrosion
inhibitor. The present work provides an
investigation on using an aqueous extract,
simply prepared from the leaves of
Calopogonium muconoide, as a green
corrosion inhibitor to control the corrosion
behaviour of mild steel in a corrosive
environment was studied using weight loss
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techniques. The plant extract was
characterized with FTIR spectroscopy.

2.0  Materials and Methods

2.1  Materials

Steel sheets were purchased from the
building materials market, Jos. Analytical
balance,desiccator, hand dryer, ethanol,
acetone, HCI, SiC paper (#600 and #1200).
Analar grade reagents.Mild steel coupons of
composition (w %) Fe: 99.14, C: 0.15, Mn:
0.60, P: 0.04, and Si: 0.03;and dimension,
3.0cm x 2.0cm x 0.6 cm were used for the
experiments. They were abraded with emery
papers of variable grades, starting with a
coarse one (#600) and proceeding to the finer
grade (#1200). The coupons were degreased
in ethanol, dried in acetone and warm air, and
stored in moisture-free desiccators before
use.

The leafy parts of Calopogonium muconoide
were collected from the Michael Okpara
University of Agriculture, Umudike in Abia
State. A voucher specimen of the plant was
dried by air for six weeks, then pulverized
with a pestle and mortar and kept in a
desiccator in the laboratory. Five hundred
grams of the air-dried and powdered leave
parts of the plant were boiled with deionized
water three times at 60 °C for 1 h and allowed
to cool before filtration. The aqueous extract
was concentrated under a vacuum at 40 °C
until all the solvents were completely
removed. The dried plant aqueous extract
was used for the corrosion inhibition
experiments by preparing inhibitor test
solutions in the concentrations 0.2 g/L, 0.4
g/L, 0.6 g/L, 0.8 g/L, 1.0 g/L and 1.2 g/L.
This was achieved by transferring 0.05 g,
0.10 g, 0.15 g, 0.20 g, 0.25 g and 0. 30 g of
the extract into 250 mL of 0.5 M HCl solution
in glass jars (Chahul et al. 2019).

2.2 Weight Loss Determination

The procedure for weight loss determination
was as communicated (Abiola et al., 2011).
Previously weighed mild steel coupons were
immersed in 250 mL open beakers containing
100 mL of 0.5 M HCI solution (blank) and
then with the addition of different CM
concentrations to the 0.5M HCI solution (3 —
20% v/v) at 303 and 333 K. The weight losses

e

of the coupons were monitored after 24 h
immersion period per coupon progressively
for a total of 120 h at 303 K and 333 K. A
blank was carried out without inhibitor. The
experimental readings were recorded to the
nearest 0.0001 g on a Mettler digital
analytical balance. Duplicate experiments
were conducted at the same time and the
average weight losses were taken.

The inhibition efficiency, corrosion rate and
surface coverage were calculated from the
weight loss results using equations 1 and 2
respectively,

%lE =2 W , 100 (1)

CR (mgem?n?) === 2)

Surface Coverage (0) = % 3)
2

where w1 and w» are the weight losses for the
uninhibited and inhibited systems. CR and
the corrosion rate and the surface area of the
mild steel

3.0 Results and Discussion

In Figs. 1 and 2, weight loss of mild steel in
the acid medium (at 303 and 333 K
respectively) can be seen to increase with the
period of contact between the metal and the
acid medium. However, the pattern of
variation at both temperatures reveals a
minimal decrease in the weight of the metal
as the concentration of the plant extract
increases. Corrosion rates at various
reference concentrations and at 303 and 333
K were calculated and the values obtained are
recorded in Table 1. Also calculated and
recorded in the same Table 1 are the
inhibition  efficiencies  of  different
concentrations of the extract.

The weight loss decreased with an increase in
the concentration of the inhibitor but
decreased with increasing temperature.
Consequently, the inhibition efficiency of the
extract increases with an increase in its
concentration and decreases as the
temperature increase from 303 to 333 K.
Therefore, the extract is an adsorption
inhibitor for the corrosion of the metal and
suppresses the rate at which it corrodes (Eddy
et al.,, 2015). This observation can be
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attributed to an increase in the concentration
of inhibitor molecules adsorbed on the metal
surface, which separates the mild steel from
the acidic solution resulting in the retardation
of the metal dissolution (Keles et al, 2015).
Recorded corrosion rate and inhibition

efficiency indicated changes in inhibition
efficiency from 18 to 57% as the
concentration of the leaf extract varied from
77 to 91% and 18 to 57% as the extract
concentration varied from 0.2 to 1.2 g/L and
at 303 and 333 K respectively.

Table 1: Inhibition efficiency (%IE) of Calopogonium muconoide on the corrosion of mild
steel and associated corrosion rate (CR) and degree of surface coverage (0)

C (g/L) 303 K 333K
0 CR % I.E 0 CR % |.E
(mgcm2h) (mgcm-2h?)
0.0 - 0.0755 - - 0.1201 -
0.2 0.7669 0.0176 76.69 0.4763 0.0629 47.63
0.4 0.8039 0.0148 80.39 0.4988  0.0602 49.88
0.6 0.8464 0.0116 84.64 0.5266 0.0569 52.66
0.8 0.8768 0.0093 87.60 0.5454  0.0546 54.54
1.0 0.9086 0.0069 90.86 0.5645 0.0523 56.45
1.2 0.9139 0.0065 91.39 0.5679  0.0519 56.79
0.06 - 303 K
0.05 -
0.04 -
w ——0.0 g/L
a —-—02¢g/L
< 0.03 -
) =fi=0.4 g/L
2 —=4=0.6 g/L
0.02 -
—%=0.8 g/L
=0-1.0g/L
0.01 4 12g/L
0 — T T 1
0 50 100 150
Time (h)

Fig.1: Variation of weight loss (g) of mild steel versus time (h) in the absence and presence
of different concentrations of inhibitor at 303 K.
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333K
0.07 -
0.06 -
=—0.0 g/L
< 0.05 - &/
vy =3=0.2 g/L
2 0.04 -
- =he=0.4 g/L
0 0.03 -
‘0 =é=(0.6 g/L
2 0.02 -
==0.8 g/L
0.01 1 —0—-1.0g/L
0 T T 1 1.2 g/l_
0 50 100 150
Time (h)

Fig.2: Variation of weight loss (g) of mild steel versus time (h) in the absence and presence
of different concentrations of inhibitor at 333 K.

3.2 Kinetics studies

Several literatures have indicated that the
corrosion of most metals favours a first order
Kinetics such that the rate constant and the
weight loss has an exponential relationship,
that can be expressed as follows (Alamiery,
2021)

1t

—log(weight loss) = 21;? 4)

(7)
Equation 7 is a linear model when values of
—log(weight loss) are plotted against time

(t) as shown in Figs. 3 and 4. Indices deduced
from the plots were the rate constant and the
half-life of the metals at various
concentrations of the inhibitor as shown in
Table 2. The good fitness of the data to the
kinetic model is affirmed by the excellent
values of R? and the estimated values half
life, t;,, = 0.693/k;) are presented in
Table 2. The results show that the inhibitor
extended the half life of the metal in 0.5 M
HCI. Therefore, CM leaf is an inhibitor for
the corrosion of mild steel in HCI (Founda et
al., 2014, 2015).

303 K
35 -
3
€0.0g/L
2.5
_ mo0.2¢g/L
R g/
= § AO4g/L
915 -
- X 0.6 g/L
1 -
X0.8g/L
05 1 ®1.0g/L:
0 T T T T T T 1 1'2 g/L
0 20 40 60 80 100 120 140
Time (h)

Fig. 3: Variation of —log weight loss of mild steel with time for the corrosion of mild steel

in 0.5 M HCI in the presence of the inhibitor at 303 K.
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333K

2.5
2 - €00g/L
—_ m0.2g/L
T 15 - e/
w 0.4g/L

2 1 -
' X 0.6 g/L
0.5 1 X 0.8 g/L
0 T T T T T ] 1.0 g/L
0 20 40 60 80 100 120 140 12g/L

Time (h)

Fig. 4: Variation of —log weight loss of mild steel with time for the corrosion of mild steel
in 0.5 M HCI in the presence of the inhibitor at 333 K

The activation energy needed for the
corrosion of mild steel (in the absence and
presence of CM leaf extract as an inhibitor)
was investigated using the Arrhenius
equation (equation 4)(Verma et al., 2018).
The Arrhenius equation was also applied to
evaluate the values of the activation energy
(Ea) based on the expression of equation 5
which defines a linear plot of log(CR) versus
1/T (Eddy, 2010)

log(CR) =In(A) —

Ea
2.303RT

()

A plot of log (CR) against % for the corrosion

of mild steel in the absence and presence of
the inhibitor in 0.5 M HCI are shown in Fig.
5. The plot gave a straight line indicating that
the Arrhenius equation is obeyed. The
calculated values for the thermodynamic
parameters are shown in Table 3. The values
of the activated energies of the inhibitor on
adsorption onto mild steel calculated from
the slope and the intercept of the plots are
shown in Table 3.

Table 2: Kinetic parameters for the adsorption of ethanol extract of Calopogonium
muconoid on mild steel surface at 303 and 333 K

Temperature C(g/L) Slope R? k (h') t12(h) Intercept
0.0 -0.051 0.9228  0.11745 5.9004 1.9726
0.2 -0.0074 0.0592  0.01704 40.6690  2.5853
303K 0.4 -0.0081 0.9961  0.01865 37.1582  2.6985
0.6 -0.0091 0.9951  0.02096 33.0630  2.8442
0.8 -0.0098 0.9917  0.02257 30.7045  2.9461
1.0 -0.0108 0.9849  0.02487 27.8649  3.0862
1.2 -0.0113 0.9592  0.02602 26.6333  3.197
0.0 -0.0037 0.9063  0.00852 81.3380 1.7164
0.2 -0.0036 0.9276  0.00829 83.5947  1.9687
0.4 -0.0036  0.9598  0.00829 83.5947  1.9985
333K 0.6 -0.0037 0.9563  0.00852 81.3380  2.0223
0.8 -0.0054 0.818 0.01243 55.7522  2.1318
1.0 -0.0038 0.9236  0.00875 79.2000 2.0736
1.2 -0.0038 0.8793  0.00875 79.2000  2.0916
The calculated activation energies are in the
range expected for the mechanism of
physical adsorption since they are less than
e ‘N
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the optimum value (80 kJ/mol) expected for
a  chemical  adsorption  mechanism
(Odoemelam et al., 2009). The results also
reveal that the E, values for the inhibited
solutions containing the inhibitor are higher
than compared to the activation energy
values for the uninhibited solution and this
indicates that physisorption may have been
the likely mode of adsorption of the inhibitors
on the mild steel surfaces (Salman et al.,
2018). Also, the activation energy (Ez) of the

inhibited solution increases with an increase
in the concentration of the inhibitors increase
and these also account for the increase in
inhibition  efficiency as concentration
increases. Speaking thermodynamically, the
dissolution of mild steel in the presence of the
inhibitor is slow for high activation energy
leading to a low corrosion rate. This can be
attributed to the formation of protective
layers on the surface of the metal as the
concentration of the inhibitors increases.
(Tiwari et al.,, 2018).

0 T T T T T T T !
-12._95 3 3.05 3.1 3.15 3.2 3.25 3.3 3.35 ©00g/L
W0.2g/L
-2 A % g/
o 0.4g/L
o -3 - 'S
£ X 0.6 g/L
4 - X 0.8 g/L:
5 - 1.0g/L
6 . 1.2g/L
UT x 103 (1/K)

Fig.5: Plots of log CR versus % for the corrosion of mild steel in 0.5 M HCI containing

various concentrations of inhibitor

. Table 3: Activation parameters for corrosion of mild steel in 0.5 M HCI in absence and
presence of different concentrations of Calopogonium muconoid extract.

C (g/L) Slope Intercept  Ea(J/mol) A(s?) R? values
0.0 -1.5614 2.5694 12.9815 13.0580 1.0000
0.2 -4.2842 10.099 35.6188 24318.679 1.0000
0.4 -4.7191 11.361 39.2346 85905.231 1.0000
0.6 -5.3491 13.197 44.4724 538746.272 1.0000
0.8 -5.9536 14.971 49.4982 3175577.298 1.0000
1.0 -6.8126 17.508 56.6400 40144660.47 1.0000
1.2 -6.9879 18.026 58.0974 67389515.00 1.0000

3.3 Thermodynamic parameters.

The Transition state equation (equation 7)
was used to calculate the enthalpy (AHads)
and entropy changes (ASads) for the adoption
of the inhibitor on the metal surface (Eddy et
al., 2022)

CR R ASg4ds AH g 45

log () = tog () + (5%) - ((7,3:)

From the slopes and intercepts of the plots of
log (%) versus 1/T (Fig. 6) for various

concentrations of the inhibitor, the enthalpy
and entropy changes were evaluated (Table
4), The results confirm an exothermic
adsorption process with characteristics
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increase in the orderliness of the adsorbed
species with increasing extract concentration
(El-Etre, 2007; (Sigirick et al., 2016)

0 T T T T T T T 1
295 3 305 31 315 32 325 33 335
2 7 €0.0g/L
4 - m0.2g/L
E 0.4g/L
g 6 -
£ X 0.6 g/L
o 1.0g/L
_10 .
1.2g/L
12 -
1/T x 10 (1/K)

Fig.6: Plot of log % versus% for the corrosion of mild steel in 0.5 M HCI containing

various concentrations of inhibitor

Table 4: Entropies and Enthalpies of Activation values for the inhibitor on mild steel

Conc Slope Intercept AH (J/mol) AS (Jmol'K?1) R?values
0.0 g/L -1.2439 -4,1923 -23.8145 -277.8392 1.0000
0.2 g/L -3.9664 3.3366 -75.9367 -133.6984 1.0000
0.4 g/L -4.402 4.6009 84.2763 -109.4934 1.0000
0.6 g/L -5.0316 6.4353 -96.3300 -74.3738 1.0000
0.8 g/L -5.6361 8.2092 -107.9031 -40.4125 1.0000
1.0g/L -6.4951 10.746 -124.3487 8.1545 1.0000
1.2 g/L -6.6313 11.136 -126.9563 15.6210 1.0000

The Gibbs free energy of adsorption (AGads)
was calculated using equation 8 with the
relation AGags = - RTIn (55.5Kags)  (8)
Table 4 showed that the calculated value of
AGads ranged from — 16838 to -15561 kJ/mol.
The negative values of AGags indicate that the
adsorption of the plant extract on mild steel is
a spontaneous process. The negative values
also show strong interaction of the inhibitor
molecules on the corroding surfaces (Zhang
etal., 2016).

The calculated values for AGads Were found
to be less than -20 kdmol™?, indicating that the
process of adsorption of the inhibitor on the
surface of the mild steel follow
physisorption. The AGags values within -20
kJmol or lower are consistent with
electronic interaction between the inhibitor

molecules and the charged mild steel surfaces
and this mode of adsorption is known as
physisorption.

3.4 Adsorption isotherm

The extent of corrosion inhibition mainly
depends on the surface conditions and of the
adsorption mode of the inhibitor.
Assumptions were made that the uncovered
parts of the metal surface are equal to zero
and the corrosion process takes place only at
these uncovered parts (Mohan and Joseph,
2018). The degree of surface coverage (0) has

IE
been calculated as follows, 6 = ™ by

assuming a direct relationship between
surface coverage and inhibition efficiency as
presented in Table 5. The efficiency of this
compound as a successful corrosion inhibitor
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mainly depends on its adsorption ability on
the metal surface (Laamaria et al., 2016). So,
it is essential to know the mode of adsorption
and the adsorption isotherm that can give
valuable information on the interaction of
compounds of inhibitor and metal surface. To
better understand the mode of adsorption of
the extract on the surface of the stainless
steel, the surface coverage values were
adjusted in some adsorption isotherms and
the values of the correlation coefficient (R?)
were used to determine the best fit.

In this study, the experimental data fitted
excellently to the Langmuir adsorption
isotherm (Eddy el al., 2014) as shown in Fig.

7. Plotting % versus C yielded a straight line

with a correlation coefficient (R?) of 0.9998
and a slope value close to 1. This result
showed that the adsorbed molecules occupy
only one site and there are no interactions
with other adsorbed species (Ahamad et al.,
2010). This suggests that the adsorption of
inhibitor on the metal surface followed the
Langmuir adsorption isotherm according to
the following equation which is described by

372

the mathematical form employed of the
isotherm: Where C/0 is the ratio of inhibitor
concentration to surface coverage, and K is
the adsorption equilibrium constant, a
correlation between surface coverage (0)
obtained from polarization curves and the
concentrations of inhibitor (©).
Thermodynamic parameters are important to
further understand the adsorption process of
inhibitors on steel/solution interface (Table
5). The equilibrium adsorption

(o 1 +C (9)

0 Kads

In our studies, the negative value calculated
of (AGeags) ensures the spontaneity of the
adsorption process and stability of the
adsorbed layer on the metal surface (Wang et
al., 2012). It is well known that values of
(AGeags) of —20 kJ.moltand less negative
indicate physisorption, while those of order
of —40 kJ.mol lor more negative indicate
chemisorption. Thus, the (AGeags)value
obtained here shows that in the presence of
0.5M HCI, physisorption of plant extract on
the stainless steel may occur (Ahamad et al.,
2010).

2.5 -
333K:y = 1.6717x + 0.1152
R2 = 0.9989
2 .
1.5 -
D
S~
© . m333K
#303K
05 - 303 K:y = 1.0457x + 0.0694
R? = 0.9991
0 T T T T T T 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Fig.7: Langmuir adsorption isotherm for the adsorption of inhibitor on the surfaces of

mild steel at various concentrations

Table 5: Free Energy and Adsorption Parameters for extract on mild steel

Temperature (K) Kads - AGads(J/mol) R? values
303 14.4092 16838.5747 0.9991
e N
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333 8.6806

15561.9333 0.9989

5 Scanning Electron Microscopy
(SEM) Studies

Figure 8 (a and b) represent the micrographs
obtained for mild steel samples after being
immersed into 0.5 M HCI for 24 h without
and with plant extract additive. It is observed
that the mild steel surface have suffered from
severe dissolution due to exposure to the free
acid. There is the formation of corrosion
products that presumably covers the entire
surface of the material. These corrosion
products then form a porous layer that does
not allow the protection of stainless steel,
hence a severe attack is found. However, the
surface of the mild steel is found to be less
affected by the aggressiveness of the acid
solution when exposed to 0.5 M HCI solution
containing 1.2 mg/L of Calopogonium
muconoide extract. Besides, the morphology
of the mild steel surface is smooth compared
to the micrograph obtained in case of the mild
steel without inhibitor. Moreover, a thin
protective layer is formed and evenly
distributed on the mild steel surface. This
corroborates the involvement of plant extract
molecules in blocking the corrosion cells on
mild steel surface by decreasing the contact
between the mild steel surface and the
corrosive solution that sequentially enhances
the inhibition characteristics and shows better
corrosion protection for the metal surface
(Muralidharan et al., 1995; Prabhu et al.,
2008).

3.6  FT-IR study

FT-IR spectra Calopogonium muconoide
leaf extract is shown in Fig. 9. The strong
absorption band at 3422 cm™ is attributed to
O-H stretching vibration and that at 2918 cm-
1 and 2862 cm™ relates to C-H stretching
vibration. The strong band at1638 cm™ is
assigned to C=0 stretching vibration. The C-
H bending band in -CH> is found to be at
1411 cm™. Other absorption bands at 1119,
1074 and 1010 cm? are due to C-O
stretching vibration. The absorption bands
below 1000 cm™ correspond to the aliphatic

C-H group (Li et al., 2012a,b;). This result
confirms that the extract contains functional
groups such as (O-H) and (C=0).

SEI  30kV

WD13mm SS60 x1,500 10pm

o S W S it
Fig. 8(b) Exposed to test solution
containing 1.2 mg/L of Calopogonium
muconoide

Fig. 8(a and b): SEM images of mild steel
surface (a) exposed to free acid solution
only and (b) exposed to test solution
containing 1.2 mg/L mg/l of Calopogonium
muconoide extract

4.0  Conclusion

The good accordance between the results
obtained from different experimental
methods leads to conclude that an aqueous
extract of Calopogonium muconoide
can be used as an effective green corrosion
inhibitor for the corrosion of carbon steel in
hydrochloric acid solutions. The inhibition
efficiency percentages increased with
increasing the con- centration of plant
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extract, but decreased with raising the test
solution temperature. The free energy
change of adsorption, enthalpy of adsorption
and entropy of adsorption indicated that the
adsorption process is spontaneous and
exothermic and the  phytochemical
constituents of Calopogonium muconoide
extract adsorbed at the metal- surface
interface and produce a protective barrier by
the process of electrostatic adsorption
(physisorption). The activation parameters
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reveal that the activation energy increases as
the  concentration of Calopogonium
muconoide increases. Furthermore, the
endothermic nature of the mild steel
dissolution process can be inferred from the
values of activation enthalpy. In addition,
the entropy of activation increased with
increasing inhibitor concentration; hence,
the system disorder is increased.
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Fig. 9: FT-IR spectral of Calopogonium muconoide leaf extract.
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