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The electro-oxidation behaviour and passivation potential of natural oil (Arachis hypogeae) as
corrosion inhibitors for mild steel in 2M HCI solution have been studied using gravimetric and
electrochemical techniques. The surface morphology of as-corroded samples was assessed with
scanning electron microscopy equipped with energy dispersive spectroscopy (SEM-EDS). The results
revealed that corrosion rate of mild steel with Arachis hypogea in HCI environment decreased with
exposure time. In the gravimetric method, an inhibitor efficiency of 72.69, 75.19 and 47.07% were
obtained at 50/20/50%v/v Arachis hypogeae addition respectively in 2M HCI solution for 12, 24 and
36h exposure time. Results from the linear polarization indicate a higher potential value and %IE of
94.99 for 100%v/v Arachis hypogeae with an increase in the polarization resistance (R,) and lower
current density for the inhibited samples than the uninhibited mild steel. There was an agreement with
the methods used for the corrosion evaluation of mild steel-Arachis hypogeae in 2M HCI solution.
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1. INTRODUCTION

The applications of mild steel in many industries are due to its easy availability, ease of
fabrication, low cost and good tensile strength besides various other desirable properties. The
degradation of mild steel in acidic environment has become subject of interest among researcher over
the years due to the usage of mild steel as an engineering material such as in acid pickling, industrial
cleaning, acid descaling, oil-well acid and the petrochemical process [1-4], water cooling system,
steam generators and ballast tanks [4]. The wide industrial application of mild steel have been driven
by number of issues, in particular its low cost and availability for the manufacturing of reaction
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vessels; cooling tower reservoirs, pipelines [5]. However, the ability of mild steel to resist corrosion
attack in some environment is not sufficient and a continuous search for method(s) for improving this
limitation becomes important. Various methods have been developed for the corrosion control and
prevention for mild steel in majority of environment. Among the methods, the use of inhibitors for
reducing the corrosion rate of mild steel has been reported to be effective [1-14]. Recently, some
chemical and synthetic compounds as inhibitors for corrosion prevention have been identified as
highly toxic to both human beings and environment [1,6,15]. In this direction, an environmentally
(eco-friendly) and nontoxic inhibitors has been area of focus in recent time. Plant and oils have
become important as an environmentally acceptable, readily available and renewable source of
materials for wide range of corrosion prevention and control [3,16,17] and low-cost substances [1].
The potentials of Arachis hypogeae as corrosion inhibitor for aluminium alloy in some acidic [18] and
mild steel in tetraoxosulphate iv acid [19] environment have been demonstrated in our previous study.
In the present work, an attempt was made to study the electro-oxidation behaviour and passivation
potential utilizing the natural oil as an eco-friendly corrosion inhibitor on mild steel in HCI solution
using gravimetric and potentiodynamic polarization techniques.

2. MATERIALS AND METHOD

2.1 Materials and sample preparation

Table 1. Chemical composition of the mild steel used

Element
wit% 0.20 0.65 0.10 0.04 0.13 7.20 3.50 Balance
| Composition
Tocotrienol \

Figure 1. Molecular structure of Arachis hypogeae
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A mild steel specimen of dimension 20 x 10 x 3 mm with chemical composition shown in
Table 1 was used. The samples were degreased in ethanol, dried, weighed and stored in a desiccator.
The initial weight of each sample was taken and recorded. A concentration of 2M hydrochloric (HCI)
were prepared fresh as required for the experiment. The Arachis hypogeae oil was used as inhibitor for
mild steel in HCI acidic solution. The natural oil was obtained from chemical shop in Pretoria, South
Africa with molecular structure shown in Figure 1. The corrosion measurements were conducted at
room temperature (25°C) in a static solution.

2.2 Gravimetric corrosion measurement

The gravimetric corrosion test was carried out on the previous weighed samples with and
without inhibitor at 25°C. The volume of the solution was 100 mL with and without the addition of
Arachis hypogeae inhibitor. The Arachis hypogeae inhibitor’s concentration was varied from 20, 50
and 100%v/v in 100ml of 2M HCI acidic solution. For each sample with Arachis hypogeae inhibitor
using gravimetric technique after the corrosion test, the samples was washed, dried and weight taken at
interval of 12, 24 and 36 h of immersion time. The corrosion rate (mm/day) and inhibitor efficiency (%
IE) were determined along with the degree of surface coverage (0).

2.3 Potentiodynamic corrosion measurement and surface morphology

The potentiodynamic polarization was used to evaluate the corrosion rate of the mild steel in
Arachis hypogeae-HCI solution. All the potentiodynamic measurements were obtained using Autolab
frequency response analyzer (FRA) coupled to potentiostat that was connected to a computer system.
A glass corrosion cell kit with a platinum counter electrode, a saturated Ag/Ag reference electrode and
mild steel sample as working electrode were used. The working electrodes samples were positioned at
the glass corrosion cell kit, leaving 1 cm? surfaces in contact with the solution. Polarization test were
carried out in 2M HCI solution at room temperature in a static solution using a potentiostat (model:
AuT71791 and PGSTAT 30) with a scan rate of 0.003V/sec. From the Tafel corrosion analysis, the
corrosion rate, potential and linear polarization resistance was obtained. The as-corroded uninhibited
and inhibited mild steel surfaces were examined with scanning electron microscopy to analyze the
extent of surface damage (Model: Joel 6100).

3. RESULTS AND DISCUSSION

3.1 Results

Table 2 shows the corrosion parameters obtained from the gravimetric measurement for mild
steel in 2M HCI/Arachis hypogeae environment. In Figure 2, the variation of corrosion rate with
inhibitor concentrations can be found. While Table 3 represent the electrochemical corrosion data for
mild steel in 2M HCI-Arachis hypogeae environment. The linear polarization curves can be found in
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Figure 3. The SEM micrographs of as-corroded uninhibited/inhibited mild steel were presented in
Figure 4 (a and b). Figure 5 shows the variation of inhibitor efficiency against concentration of
inhibitors for different corrosion methods used. Figure 6 illustrates the Langmuir adsorption isotherm
for the inhibitor using different corrosion evaluation techniques.

3.2 Discussion

3.2.1 Gravimetric measurement

Table 2. Corrosion rate (CR), Inhibition efficiency and surface coverage (0) for mild steel in 2M HCl
without and with varying concentration of Arachis hypogeae at 25°C

Concentration CR (mm/day)

Surface

Inhibition

of inhibitor Arachis hypogeae  coverage (0) Efficiency (%)
)
12 0 1.45x10° - -
20 1.22x10°3 0.1586 15.86
50 3.96x10™ 0.7269 72.69
100 7.70x10™ 0.4690 46.90
0 1.04x10” - -
24 20 2.58x10™ 0.7519 75.19
50 6.57x10™ 0.3683 36.83
100 8.55x10™ 0.1779 17.79
36 0 1.16x10~ - -
20 9.29x10* 0.1991 19.91
50 6.14x10™ 0.4707 47.07
100 7.82x10* 0.3259 32.59
0,0016
— 0,0014
"E:- 0,0012
E ’
_§_ 0,001
g
© 0,0008 - =1 2h
,5 0,0006 - ——24h
20,0004 - —#—36h
[a]
© 09,0002 -
0 T T T 1
0 20 40 60 80 100

Concentration of inhibitor (%v/v)

Figure 2. Variation of corrosion rate with concentration of inhibitor for mild steel in 2M HCI without

and with varying concentration of Arachis hypogeae at 25°C
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Natural oil of Arachis hypogeae was considered for the study of mild steel-HCI corrosion
behavior with different inhibitor concentrations at 25°C. The results indicated that corrosion rate (CR)
of the mild steel-HCI decreased with addition of inhibitor and exposure time considered (Table 2;
Figure 2). Considering the 2M HCI-Arachis hypogeae environment (Figure 2), at 12 h immersion time
for 50%v/v Arachis hypogeae corrosion rate decreased from 0.00145 to 0.000396 mm/day indicating
inhibitor efficiency (IE) of 72.69%. While at 20%v/v Arachis hypogeae addition the corrosion rate
decreased from 0.00104 to 0.000258 mm/day with IE of 75.19%. The corrosion behavior of mild steel
in the HCI containing Arachis hypogeae has been attributed to the increase in the element that forms
stable oxides as evidenced in the EDS (Figure 4c). The thin layer of the oxides adheres to the metal
surface resulting to a decrease in the corrosion rate. This is similar to the results reported elsewhere
[11,20,21].

3.2.2 Potentiodynamic polarization

Table 3. Electrochemical corrosion data obtained for mild steel in 2M HCI-varying concentration of
Arachis hypogeae environment at 25°C

SIN % inhibitor leor(A/cm?) CR (mm/yr)
1 0 1.003E-4 0.040 8.489E-1  -0.406 5.482E-1
2 20 2.899E-5 0.043 1.414E+1 -0.415 1.585E-1
3 50 1.482E-5 0.044 2.652E+1 -0.431 8.102E-2
4 100 5.020E-6 0.018 5.227E+0 -0.407 2.744E-2
06 -
04 -

s HC| + Control

s HC| + 20% Pead

Potential (V)
o)
o

| HCl + 50% Pea
46 7 e HC| + 100% Pea
-0.8
14— e
1.00E-05 1.00E-03 1.00E-01
Current density (A/cm?)

Figure 3. Linear polarization curves for mild steel in 2M HCI solution-Arachis hypogeae environment

The potentiodynamic measurement for the mild steel in 2M HCI/Arachis hypogeae is presented
in Table 3. Potentiodynamic polarization-corrosion rate (PP-CR), potentiodynamic polarization-
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corrosion density (PP-lcor), and linear polarization resistance (LPR) were used as criteria for
evaluation of corrosion resistance of mild steel in the environment. Figure 3 shows the polarization
curves for 2M HCI-Arachis hypogeae at 25°C. In general, the enhanced environment demonstrated a
decreased corrosion rate and current density with addition of the inhibitor at all concentrations. While
the corrosion potential (Ecorr) and polarization resistance (R) increases with inhibitor’s concentrations.
These are in agreement with previous study [22]. The inhibited mild steel in HCI-Arachis hypogeae
revealed that corrosion rate decreased from 0.5482 mm/yr to 0.1585, 0.08102 and 0.02744 mm/yr at
20, 50, and 100%v/v Arachis hypogeae respectively. However, based on the changes in anodic and
cathodic branches for the environment, a mixed-type corrosion inhibition has been proposed.

3.2.3. Scanning electron microscope-energy dispersive spectroscopy (SEM-EDS) and
Inhibitor efficiency/adsorption behavior of the mild steel in HCI-inhibitor

The SEM micrographs of mild steel surfaces are shown in Figure 4a, b and c. The uninhibited
mild steel sample in 2M HCI solution (Figure 4a) indicates a severe pits formation as compared with
inhibited mild steel (Figure 4b).

Fusll scala couns: 4760 c

Figure 4. SEM micrographs of a) as-corroded uninhibited b) as-corroded inhibited in 50%v/v Arachis
hypogeae -2M HCI solution after 36 h of immersion time c¢) EDS spectral for (b)



Int. J. Electrochem. Sci., Vol. 8, 2013 12094

In Figure 4b, it is clear that Arachis hypogeae natural oil was able to exhibit some degrees of
inhibition which retarded the corrosion rate of the mild steel in HCI solution. In addition, the inhibited
sample can be said to be protected with thin film layers of the corrosion inhibitor resulting to the
decreased in the corrosion rate of the mild steel in the HCI solution. From the EDS in Figure 4c, the
occurrence of O is as a result of ferrous hydroxide formation and the combination of C, O and other
elements are due to the constituent contained in the structure of the inhibitors (Figure 1). This acts as a
good inhibitor which in turn increases the corrosion resistance of the mild steel in the acidic medium.

The percentage inhibitor efficiency (% IE) of the Arachis hypogeae inhibitor for mild steel in
HCI solution was computed using the equation reported [23]. Arachis hypogeae inhibitor was used for
the study of mild steel-HCI corrosion behavior with different inhibitor concentrations at 298K. In each
concentration, the corrosion rate (mm/yr) was calculated and the inhibitor efficiency IE (%) was

determined using equations 1 and 2 below;
CR - Wo—Wa (1)

At

IE (% ) - (CRa—CRp)100 (2)

CRa
Where Wo and Wa are the specimen weight before and after immersion in the tested solution,

A is the area of the mild steel specimen and t is the exposure time (hr). CRa and CRp are the corrosion
rate in the absence and presence of inhibitor respectively. The computed data for the IE using
gravimetric (GM), potentiodynamic polarization-corrosion rate (PP-CR), potentiodynamic
polarization-corrosion density (PP-lcor), and linear polarization resistance (LPR) are presented in
Figure 5 for 2M HCI/Arachis hypogeae environment. This shows that % IE of the HCI/Arachis
hypogeae oil increases with an increase in the inhibitor concentrations. The reasons been that, as the
inhibitor concentration increases, the surface area covered by these inhibitors increased hence higher
%IE were obtained. For example, for mild steel-HCI/Arachis hypogeae, IE of 94.99, 97.69 and 96.80%
were obtained for PP-CR, PP-Icr, and LPR respectively at 100/100/50%v/v Arachis hypogeae.

120 4

100 -

80 -
3 BGM
e 60 4
L W PP-CR

40 - PP-lcorr

20 | WLPR

0
20 50 100
C (%v/v)

Figure 5. Comparative chart of inhibitor efficiency (IE) for mild steel-2M HCI solution/Arachis
hypogeae concentration obtained by different techniques



Int. J. Electrochem. Sci., Vol. 8, 2013 12095

160 - y=1.5015x- 7.674 y=0.961x+9.569
R?=0.9999 GM R?=0.9994 PP-CR
140
y=0.9224x+ 10.786 y=1.2395x-6.1305

R?=0.9983 PP-Icorr R?=0.9947 LPR
120
100 -
—o—GM (AH)
——PP CR (AH)
== PP-Icorr (AH)
—=—|PR (AH)

80 -

c/e

60

40 -

20 -

: : .
0 20 40 60 80 100
C (%v/v)

Figure 6. Langmuir isotherm for the adsorption of Arachis hypogeae compounds on the mild steel
surface in 2M HCI solution at 25°C obtained by gravimetric and potentiodynamic polarization
methods

It can be said that the natural oil exhibited a mixed-type corrosion inhibition because of the
simultaneous change in the anodic and cathodic region during the electrochemical measurement. These
results were found to be in agreement with earlier reported studies [6,19,22,24-26]. The mechanism of
adsorption for the oil on to the surface of the mild steel was shown that the relationship between C/0
against C is linear at 25°C (Figure 6). Since the linear regression coefficient (R?) for mild steel-
HCl/inhibitor are almost unity; Arachis hypogeae, GM (0.9999)/PP-CR (0.9994)/PP-l,(0.9983)/LPR
(0.9947), the adsorption behavior is believed to have obeyed Langmuir adsorption isotherms under the
studied conditions.

4. CONCLUSIONS

1. Arachis hypogeae oil been an eco-friendly have been demonstrated to be a good corrosion
inhibitor for mild steel-HCI environment at 25°C

2. The corrosion rate of mild steel decreased with addition of Arachis hypogeae as inhibitor. This
also enhanced inhibitor efficiency as high as 75.19 and 94.99% using gravimetric and electrochemical
respectively in HCI-Arachis hypogeae condition.

3. Surface morphology of uninhibited mild steel sample shows severe pits and cracks formation.

4. That the mixed-type corrosion inhibition exist and Langmuir adsorption isotherms were
proposed for the mild steel.
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