
Research Article Open Access

Babatunde et al., J Material Sci Eng 2019, 8:5

Research Article Open Access

Journal of Material Sciences & Engineering 
Jo

ur
na

l o
f M

ate
rial Sciences & Engineering

ISSN: 2169-0022

Volume 8 • Issue 5 • 1000537J Material Sci Eng, an open access journal
ISSN: 2169-0022 

Corrosion Mechanism of Mild Steel in Acidic Solution and Adsorption 
Thermodynamics in the Presence of Water Hyacinth Extract
Babatunde O1, Ogunrinde SO2*, Aribike DS3 and Adeyemi AA1

1Department of Chemical Sciences, Ajayi Crowther University, Oyo State, Nigeria
2Department of Mechanical Engineering, Ajayi Crowther University, Oyo State, Nigeria
3Department of Chemical and Petroleum Engineering, University of Lagos, Akoka, Lagos State, Nigeria

Abstract
Inhibitory effect of water hyacinth extract on mild steel corrosion in acidified seawater was investigated by weight 

loss and gasometric techniques. Values of inhibition efficiency calculated from weight loss and gasometric techniques 
are in good agreement Inhibition efficiency was found to increase with increasing concentration of the extract. The 
effect of temperature, immersion time, and acid concentration on the corrosion behaviour of mild steel in the presence 
of extract were also studied. Temperature studies revealed an increase in activation energies and decrease in inhibition 
efficiency with rise in temperature. The adsorption of the inhibitor molecules on metal surface was in accordance with 
Langmuir adsorption isotherm. Kinetic treatment of the data obtained with or without plant extract indicates first-order 
electrochemical reactions. FT-IR analysis was carried out on the protective film formed on the surface of the metal to 
establish the formation of metal-ligand bond. The results obtained showed that water hyacinth extract could serve as 
an effective inhibitor of the corrosion of mild steel in acidified water.
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Introduction
Metal pipes offer the strength to transport fluids at high pressures 

but they are vulnerable to corrosion driving by electrochemical 
processes. The rate of corrosion is enhanced in acidic medium and 
salt water. Pipes are exposed to acid solution during oil well acidizing, 
descaling and pickling processes. Corrosion has been a major source of 
concern to the industry because of the huge amount of money that is 
involved in preventing it.

Corrosion can be minimized by cutting off the interaction between 
metal surface and electron acceptor/oxygen or hydrogen ion [1-6]. 
This can be achieved by forming a compact barrier film over the metal 
surface. Plant extracts have been reported to complex with Fe2+ release 
during corrosion thereby forming protective film over the surface of 
the metal. The heteroatoms and π electrons compounds present in 
plant extract facilitate the transfer of electrons between the extract and 
d-orbitals of Fe2+ [7-12].

Adsorption of heavy metals from the aqueous metal solution 
by water hyacinth extract has been reported. The leaf extract of this 
plant contains flavonoids, alkaloids, tannins, phenols, which have 
multifunctional properties such as to contribute as reductant (as 
antidote to free radical) and metal chelators [13-16]. In forming 
complex ion, the ligands in organic compounds donate lone pair(s) of 
electrons to metal ion. The organic components can serve as a metal 
chelating agent because of the presence of electron rich centre on them.

The aim of the present work is to test ethyl acetate extract of water 
hyacinth as inhibitor for the acidic corrosion of steel in sea water by 
gravimetric and gasometric techniques.

Experimental Section
Materials preparation

Galvanized iron rod used was obtained from local supplier and 
cut into 1 cm in length, 0.8 cm in diameter and 0.02 cm in thickness. 
The specimens were cleaned by absolute ethanol, rinsed with double 

distilled water, dried in acetone and kept in desiccator until used. All 
the chemicals used were analytical grade. Appropriate concentrations 
of acids were prepared by using sea water.

Water hyacinth was dried and ground to powder form. Dried (125 
g) powder was macerated with ethyl acetate for 48 hrs. The extract 
was filtered and concentrated to dryness. The residue was dissolved in 
appropriate quantity of 2 M H2SO4 to obtain 0.025, 0.05, 0.1, 0.2 and 
0.4 g/L concentrations.

Gravimetric method

Weight loss measurements were performed in triplicate on the cut 
specimens of the pipe in 2 M H2SO4 solution with and without addition 
of different concentrations of extract [17-19]. Each specimen was 
weighed and then placed in the acid solution (100 mL). The set up was 
left for 24 hours at room temperature. The specimens were retrieved 
after 24 hrs from corrodent solutions and these were repeated for six 
days.

Each retrieved metal specimen was immersed in cleaning reagent 
(50 g of NaOH, 200 g of Zn dust in 1000 mL H2O) at 90°C for 40 
minutes. After treatment corrosion product was removed by scrubbing 
the metal several times under running water, dried with acetone 
and then reweighed. The weight loss was calculated in grams as the 
difference between the initial weight prior to immersion, and weight 
after removal of the corrosion product.
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Gasometric method

It had been reported that the acidic corrosion of mild steel could 
be characterised by hydrogen evolution, and the rate of corrosion 
was proportional to the quantity of hydrogen evolved [20,21]. Thus, 
Gasometric was also used as it involves the characterisation of steel 
corrosion via hydrogen evolution. This experimental design followed 
the method reported by Onuchukwu, et al. [20] whereby the volume 
of hydrogen gas evolved when metal reacted with acid was measured. 
Six galvanized iron of dimension 0.5 cm long, 0.8 cm diameter and 0.02 
cm thick were used in the experiments for test solutions containing 5 M 
H2SO4 with the five different concentrations of ethyl acetate extract of 
water hyacinth. This experiment was carried out at room temperature 
and at 60°C. The blank experiment was performed under the same 
conditions. A 100 ml of test concentration solution was transferred 
into the reaction vessel connected to a burette that contained paraffin 
oil. The initial level of paraffin oil in the burette was noted. Thereafter, 
one metal specimen was dropped into the corrodent and the reaction 
vessel quickly closed. Drop in the level of paraffin oil was recorded 
every 1 min. The volume of paraffin oil displaced correspond to volume 
of hydrogen gas generated in the set-up. This experiment was repeated 
at five different concentrations (0.025, 0.05, 0.1, 0.2 and 0.4 g/l) of the 
plant extracts and a blank.

Surface analysis

The iron specimen 1 cm in length, 0.8 cm in diameter and 0.02 cm 
in thickness was immersed for 24 hrs in 100 mL of 2 M H2SO4 solution 
containing 0.4 g/L. Thereafter, specimen was retrieved and left to dry. 
The dried specimens were scratched with a knife and the resultant 

powder was taken for FT-IR analysis. In case of FT-IR studies of plant 
extract, 5 mL of 2 M a H2SO4 solution containing 0.4 g/L acid having 
1.14 g/L of the extract was left to dry. The dried material was scratched 
with a glass rode and the resultant powder was taken for analysis.

Results and Discussion
Gravimetric analysis

Effect of acid concentration: Gravimetric analysis, also known as 
Weight-loss measurement, was performed on the mild steel specimen 
in different concentration of H2SO4 as shown in Figure 1. From the 
weight loss data, the corrosion rates (CR) were calculated using eqn. (1) 
as reported by Okafor, et al. [22].

 
.

MLCR
At

=                        (1)

Where CR is the corrosion rate in mg.cm2 hr-1, ML is the mass 
loss in mg, A is the specimen exposed surface area in cm2 and t is the 
immersion time in hr.

Figure 1 shows that mild steel corrodes in different concentrations 
of H2SO4 solutions, since there was a decrease in the original weight 
of the mild steel. Both figures, i.e. Figures 1 and 2, indicated that both 
the weight losses and the corrosion rate increases with an increase 
in the concentration of the H2SO4, and the concentration is linearly 
proportional to both the weight loss and corrosion rate. The corrosion 
is attributed to the presence of water, air and H+, which accelerate 
the corrosion process. In addition, Figure 2 also shows that reaction 
followed a first order reaction kinetics.

ML = 3.476CH2SO4R² = 0.9937
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Figure 1: Galvanise steel mass loss due to H2SO4 corrosion.

CR = 2.41CH2SO4R² = 0.9916
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Figure 2: H2SO4 Corrosion rate of mild steel.
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Adsorption isotherm: The inhibition effect of water hyacinth 
is due to the adsorption of water hyacinth molecules on the surface 
of the mild steel, which in turn, prevented the adsorption of the ion 
from the acidic solution. Water hyacinth contains organic compounds 
such as flavonoids, alkaloids, tannins, phenols, and these compounds 
have been reported to inhibit corrosion due to the higher adsorption 
affinity to metal surfaces. In other words, the adsorption of these 
organic compounds reduces the available surface area available for the 
corrosion attack.

From the inhibition efficiency (I%) data, degree of surface coverage 
(θ) was calculated using eqn. (3) [22-25].

%  
100
Iθ =                (3)

Values of the degree of surface coverage (θ) were tested graphically 
to fit different isotherms and as shown in Figure 6, a straight line was 
obtained when C/θ was plotted against C and the linear correlation 
coefficients of the fitted data is close to 1.

This indicates that the adsorption behaviour follows the Langmuir 
Adsorption Isotherm, which is expressed as:

1  C C
Kθ

= +                    (4)

Where C is the inhibitor concentration and K the equilibrium 
constant for the adsorption/desorption process of the inhibitor 
molecules on the metal surface.

Inhibition efficiency: Figures 3 and 4 show that weight losses 
increase with the increase in the immersion time but decrease with the 
increase in concentration of the Water Hyacinth extracts.

The general decrease in the weight loss due to the presence of the 
Water Hyacinth extract confirms that indeed Water Hyacinth extract 
inhibits acid corrosion of mild steel. The results also reveal that the 
inhibitory effect increases with an increase in concentration of the 
extract. Similar trends were reported by James et al. [23] for their work 
on the use of Pyridoxol Hydrochloride as an inhibitor, Okafor et al. 
[22] for their work on the use of Carica Papaya extract as an inhibitor, 
and Abiola, et al. [24] for their work on the use of Aloe vera extract as 
an inhibitor.

From the weight loss data, the percentage inhibition efficiency (% 
I) were determined using eqn. (2) as reported by Abiola et al. [24].

%  100u i

u

W WI
W

 −
= × 
 

              (2)

Where I is the inhibition efficiency of Water Hyacinth in %, Wu and 
Wi are the uninhibited and inhibited weight losses respectively.

Figure 5 shows that percentage inhibition efficiency increases with 
increasing extract concentration but decreases with time. This result 
suggests that increase in extract concentration increases the number 
of inhibitor molecules adsorbed onto steel surface, which in turn 
reduces the available surface area for the direct acid, and as the time 
increases, the available vacant sites decreases due to the adsorption of 
the inhibitor molecules.
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Figure 3: The plot of mild steel coupon weight versus the immersion period at different water hyacinth extract concentration in 2 M H2SO4 at 30oC.
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Figure 4: The plot of weight loss of mild steel coupon versus the immersion period at different water hyacinth extract concentration in 2 M H2SO4 at 30oC.
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Reaction kinetics: The equilibrium constant K, shown in Table 1 
was deduced as the inverse of the intercept of Figure 6.

The standard free Gibbs energy of adsorption was obtained from 
the equilibrium constant (K), using the expression reported by Abiola 
et al. and Qiu et al. as shown in eqn. (5).

1
55.5

o
adsGK exp

RT
 ∆

= − 
 

                        (5)

The negative value of the Gibbs free energy of adsorption ( )o
adsG∆  

confirmed the spontaneity of the adsorption process and the exothermic 
nature of the corrosion process.

Gasometric analysis

Effect of inhibitor concentration: As shown in Figures 7 and 8, 
the higher the concentration of the water hyacinth extract, the lower 
the corrosion rate as the time taken to evolve 50 mL of hydrogen gas 
increases with increasing extract concentration.

From the volume of hydrogen gas discharged data, the percentage 
inhibition efficiency (% I) was determined using eqn. (6) [24,26].

'%  100u i

u

V VI
V

 −
= × 
 

                 (6)

Where I' is the inhibition efficiency of Water Hyacinth in %, Vu and 

Vi are Volume of H2 gas evolved in the absence and presence of extracts 
respectively.

Figure 9 suggests that increase in extract concentration increases 
the number of inhibitor molecules adsorbed onto steel surface, which 
in turn reduces the available surface area for the acidic molecule; 
hence the increase in the inhibition efficiency with increasing extract 
concentration.

Adsorption isotherm: The inhibition efficiency (I') was used to 
calculate the degree of surface coverage (θ') using eqn. (3) and the degree 
of surface coverage was tested graphically to fit different isotherms. As 
shown in Figure 10, a straight line with a linear correlation coefficients 
that was close to 1 was also obtained when C/θ' was plotted against C. 
This also indicates the Langmuir Adsorption Isotherm behaviour.

Reaction kinetics: The equilibrium constant K’, shown in Table 2 
was deduced as the inverse of the intercept of the plot in Figure 10. 
The standard free Gibbs energy of adsorption was calculated from the 
equilibrium constant (K), as earlier shown for the Gravimetric Analysis.
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Figure 5: Water hyacinth inhibitor efficiency.

C/Θ = 1.1277C + 0.0633
R² = 0.9759

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.1 0.2 0.3 0.4 0.5

C
/Θ

 

Extract Concentration (g/L)

Figure 6: Langmuir adsorption model on the steel surface of water hyacinth extract in 2 M H2SO4 solution for 6 days immersion period at 30oC.

Reaction Kinetics Value
Equilibrium Constant (kads) 15.80

Gibbs Free Energy of adsorption ( )Gads
ο∆ -17.08 kJ/mol

Table 1: Reaction kinetics parameters for the adsorption.
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The equilibrium constant and Gibbs free energy of adsorption 
( )o

adsG∆ values obtained are similar to those obtained using the 
Gravimetric Analysis. Similar values were also reported by Abiola et 
al. [18].

Effects of temperature: As shown in Figure 11, the time taken to 
evolve 50 ml of H2 at 60°C (for all inhibitor concentration) is much less 
than that at 30°C. This implies that the adsorption of the molecules of 
the acidic solution on the adsorption site of the metals surface increases 
as temperature increases. This is because the higher the temperature, 

the higher the kinetic energy of the molecules and the greater the rate 
at which the molecules would get to the vacant adsorption sites of the 
mild steel and the higher the quantity of molecules, i.e. concentration of 
the acidic molecules at the adsorption site, which will result in greater 
rate of corrosion of the mild steel.

Surface analysis of plant extract

Figure 12 and Table 3 confirmed the formation of the metal-ligand 
bond which acts a protective film on the surface of the steel, preventing 
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Figure 7: Time taken to evolved 50ml of Hydrogen.
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Figure 8: Plot of volume of hydrogen gas evolved with time (min) for the corrosion of mild steel in 2M H2SO4 solution in the presence of different 
concentrations of water hyacinth extracts.
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the steel from being attacked by the corrosive species. Similar peaks 
were reported by Chauhan et al. [27] when investigating the inhibiting 
actions of some plant extracts on steel.

Conclusion
1. The corrosion of mild steel in sea water follows a first order 

reaction kinetics and exothermic reaction.

C/Θ' = 1.3343C + 0.0739
R² = 0.9995
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Figure 10: Langmuir adsorption model on the steel surface of water hyacinth extract in 2 M H2SO4 solution for 13 Minutes immersion period at 30oC.
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Figure 11: Effects of Temperature on Corrosion of mild steel using water hyacinth extract as inhibitor.

Reaction Kinetics Value
Equilibrium Constant (kads) 13.53

Gibbs Free Energy of Adsorption ( )Gads
ο∆ -16.69 kJ/mol

Table 2: Reaction kinetics parameters for the adsorption (gasometric analysis).

Peak from plant extract (Figure 12 A) Peak from metal-ligand complex (Figure 12 B) Possible compounds
3444 (sharp) 3451 (broad) O-H

2925 --- =C-H
1649 1636 C=C  (alkene)
1010 1082 C-O

--- 651 Fe2+-L

Table 3: Peaks from FT-IR spectra of samples shown in Figure 12: (A) plant extract, (B) mild steel immersed in 2 M H2SO4 solution containing plant extract, and their 
identification.
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2. Water hyacinth extract is a good inhibitor for mild steel in 
2 M H2SO4 solutions. Inhibition efficiency increases with 
increasing water hyacinth extract concentration and the values 
obtained from both gravimetric and gasometric methods are 
in reasonable agreement and similar to those reported in the 
literature for corrosion inhibition using plant extracts.

3. The adsorption of water hyacinth extract on mild steel surface 
obeyed Langmuir adsorption isotherm with Gibbs free energy 
of adsorption ( )o

adsG∆  -17.08 kJ/mol (from the gravimetric 
analysis) and -6.69 kJ/mol (from gasometric analysis). The 
negative values of the Gibbs free energy of adsorption ( )o

adsG∆  
confirmed the spontaneity of the adsorption process.

4. The rate of corrosion increases with an increase in temperature.

5. FT-IR analysis shows the formation of metal-ligand bond, thus 
confirming the formation of protective film layer on the surface 
of the metal.
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