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ABSTRACT

The corrosion inhibition of mild steel in 0.5 M H,SO, by the Pedalium murex leaves extract has been studied using weight loss methods,
potentiodynamic polarization and electrochemical impedance spectroscopy techniques. The results show that the inhibition efficiency increases
with the increase of the extract concentration. The adsorption of the extract molecules on the steel surface obeys Langmuir adsorption isotherm
and occurs spontaneously. The activation energy as well as other thermodynamic parameters for the inhibition process were calculated. These
thermodynamic parameters show strong interaction between inhibitor and mild steel surface.
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INTRODUCTION

Corrosion of metals is a spontaneous natural process. To control corrosion rate in cooling water systems many inhibitors are used. To avoid
environmental toxicity, extract of natural products are used. For this many natural products are used by many researchers. The use of plant
extracts as corrosion inhibitors has gained prominence as replacement for synthetic organic compounds. The plant natural products have been
found to be effective, cheap and eco-friendly anticorrosion agents. Corrosion inhibitions of essential oils of Alpinia galanga were investigated on
mild steel in hydrochloric acid solution using weight loss method by Ajeigbe et al., [1]. Sanaei et al. have used an effective green corrosion
inhibitive hybrid pigment based on zinc acetate-Cichorium intybus L leaves extract to control corrosion of mild steel in aqueous chloride
solutions [2]. A comparative study on the inhibitory action of some green inhibitors on the corrosion of mild steel in hydrochloric acid medium
has been reported by Shyamala and Arulanantham [3]. The use of morinda citrifolia as a green corrosion inhibitor for low carbon steel in 3.5%
NaCl solution has been by Kusumastuti, et al. [4]. Evaluation of Thymus vulgaris plant extract as an eco-friendly corrosion inhibitor for stainless
steel 304 in acidic solution by means of electrochemical studies has been done by Ehsani et al. [5]. They have used density functional theory
also, Rajendran et al. have used extracts of various plant materials such as henna leaves, curcumin, caffeine, spirulina to control of corrosion of
metals [6-31].

The present work is undertaken to evaluate the inhibition efficiency of an aqueous extract of Pedalium murex leaves in controlling corrosion of
mild steel in sulphuric acid medium. Weight loss method and electrochemical methods such as polarization study and AC impedance spectra
have been used.

MATERIALS AND METHODS

Extract of P. murex leaves is used as corrosion inhibitor in the present study. The leaves and flowers of P. murex are shown in Figure 1.
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Figure 1: Pedalium murex plant

The botanical details of P. murex are given below: Botanical name: Pedalium murex; Tamil name: Yaanai nerunjil; Kingdom: Plantae; Division:
Mangnoliophyta; Class: Mangnoliopsida; Order: Lamiales; Family: Pedaliaceae; Genus: Pedalium; Species: P. murex Linns; Traditional uses:
Plant pacifies vitiated vata, kidney stone, urinary retention, inflammation, Flatulence and fever.

Phytochemical screening of P. murex leaves extract is given in Table 1 [32].

Table 1: Phytochemical screening of Pedalium murex leaves extract

Phytochemical Constituents Petroleum ether Chloroform Acetone Methanol
Flavonoids - - - 4+
Alkaloids - - - +
Glycosides - ++ +++ +4++
Steroids - - R o+
Phenols - - ++ Tt
Terphenoids - - - 4+
Saponins - + + o+
Resins - - - -
Tannins (FeCls test) - - ++ 4+
Lead
acetate test - - R "
Cardiac glycosides - - - R

- = Absent; + = Present; ++ = Moderately Present; +++ = Appreciable amount

From the preliminary phytochemical screening may revealed the presence of saponins, steroids, phenols, flavonoids, alkaloids, tannins and
glycosides in aqueous extract also.

Preparation of extract

An aqueous extract of P. murex was prepared by grinding 10 g of P. murex boiled with distilled water, filtering the suspending impurities, and
making up to 100 ml. The extract was used as corrosion inhibitor in the present study.

Materials and chemicals used

For polarization cylindrical mild steel rod embedded in Teflon with an exposed area of 1 cm? was used. The electrodes were polished with emery
papers of 0/0, 2/0, 3/0, and 4/0 grades and degreased with acetone, dried and used.

Weight loss method

Weight loss measurements were performed in 0.5 M H,SO, with and without the presence of inhibitor of various concentrations.
Inhibition efficiency was calculated using the formula

Inhibition efficiency (%) = Wy-W;/W; x 100
Where, Wy=Weight loss in blank, W;=Weight loss in presence of inhibitor
Electrochemical studies

Polarization study and AC impedance spectra were recorded in a potentiostat. The experiments were recorded in a three electrode cell assembly.
It is shown in Scheme 1.
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WE = working electrode
RE = reference electrode
CE = counter electrode

El;ree electrode cell assembly

Scheme 1: Three electrode cell assembly

Mild steel was used as working electrode. SCE was used as reference electrode. A platinum foil was used as counter electrode. The working
electrode used was a mild steel rod of the same composition embedded in araldite and with an exposed area of 1 cm?.

From potentiodynamic polarization study corrosion current, corrosion potential and the Tafel slopes were derived. From AC impedance spectra,
charge transfer resistance and double layer capacitance were calculated. The area of the counter electrode is much larger compared to the area of
the working electrode. This will exert a uniform potential field on the working electrode. A solution quantity of 100 ml of the test solution was
taken in a polarization cell. The working electrode was polished with 0/0, 1/0, 2/0, 3/0, and 4/0 emery papers successively and degreased with
acetone. The working electrode, reference and auxiliary platinum electrodes were assembled and connections were made. Stirring was provided
to the test solutions to avoid for the system the concentrations polarization before start of experiment. A time interval of about 15 minutes was
given for the system to attain state and open circuit potential was recorded.

RESULTS AND DISCUSSION
Weight loss study
The inhibition efficiency of leaves extract in controlling corrosion of mild steel in 0.5 M H,SO, has been evaluated by weight loss method.
Table 2 gives the inhibition efficiency of different concentrations of P. murex leaves extract in controlling corrosion of mild steel in 0.5 M
H,SO,. It is observed that as the concentration of inhibitor increases, inhibition efficiency also increases. 500 ppm of inhibitor offers 83.54%
inhibition efficiency.

Table 2: Inhibition effect on corrosion of mild steel in 0.5 M H,SO, by Pedalium murex leaves extract

Inhibitor concentration (ppm) Ratg ?En(?g:]rrc_’f’ion Inhibition efficiency (%)
Blank - -
100 0.00163 53.33
200 0.00123 64.76
300 0.001 71.42
400 0.0006 81.9
500 0.00173 83.54
600 0.0017 83.86
700 0.00036 89.52
800 0.00033 90.47

Adsorption isotherm
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Adsorption isotherms are very important to determine the mechanism of organo-electrochemical reaction. It is important to know the mode of
adsorption to understand this part of the study. Tables 3 and 4 give the various adsorption parameters.

Table 3: Adsorption parameters obtained when mild steel is immersed in 0.5 M H,SO,in presence of Pedalium murex leaves extract

Inhibitor Concentration (ppm) O/(1-6) 3+logO/(1-0) 3+log C
Blank - - -

100 1.1427 3.0579 5.000
200 1.8376 3.2642 5.301
300 2.4989 3.3977 5.4771
400 4.5248 3.6555 5.602
500 5.0753 3.7054 5.6989
600 5.1957 3.7156 5.7781
700 8.5152 3.9301 5.8450
800 8.4612 3.9274 5.9030

Table 4: Adsorption coefficients deduced from Langmuir isotherm for Pedalium murex leaves extract

Langmuir isotherm

System
Kagsx 103 M*? Slope R? AG %5 KJ mol™?

Pedalium murex leaves extract 0.010391 0.9292 0.9603 -1386.8667

The obtained values were fitted to Langmuir isotherm and the best fit to the experimental data was obtained. Langmuir adsorption isotherm is
O=K45.C/1+ Kygs.C
O(1+Kygs. C)=Kygs.C
0=K45.C-Kiags.CO
©0=(1-0) Kads.C
0/1-6=K,4,.C

The plot of log (©/1-0) vs. log C is a straight line as shown in Figure 2. Thus the Langmuir isotherm is valid for the inhibitor adsorption on the
metal surface.

y =0.9292x +2.2414 /

R2=0.9603 /
/
o
/

¢

3+log Q/(1-0)

3+ogc

Figure 2: Langmuir adsorption isotherm for the inhibition of mild steel in 0.5 M H,SO, by Pedalium murex
Free energy change

The free energy change adsorption of adsorption (AGg) of inhibitor on mild steel surfaces related to the constant of the adsorption according to
equation.
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AG%4=-2.303 RT log (Kags X 55.5)

From the results, values of AG%q were found to be negative and were below the threshold value of -40 kd/mol indicates the spontaneous
adsorption of the ingredients of P. murex on the surface of mild steel and the mechanism of physical adsorption is applicable.

Potentiodynamic polarization studies

Polarization study has been used to investigate the formation of protective film during the process of corrosion inhibition study [33-37]. When
there is corrosion inhibition, corrosion current value decreases.

Table 5 and Figures 3-5 give the values of potentiodynamic parameter such as corrosion current (l.,r), corrosion potential (E.r) and the cathodic
Tafel slopes (b, and b,) for the different concentrations of the green inhibitor under study. It can be seen that there is absorption of the inhibitor
molecules on metal surface which is revealed by the decrease in corrosion current in presence of inhibitor.

Table 5: Corrosion parameters obtained from polarization curves for mild steel in 0.5 M H,SO, in the presence and absence of inhibitor

. 1 b, Inhibition
System Inhibitor, ppm lcorr, A Ecorr, MV vs SCE b,, mV dec mvVdec? Efficiency (%)
Blank - 1563.682 -510.743 164.6 167.9 -

Pedalium murex leaves 100 762.219 -545.51 1239 165.1 51.25
extract 800 195.168 -509.879 74.70 163.7 8751
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Figure 3: Electrochemical polarization curve for mild steel in 0.5 M H,SO,
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Figure 4: Electrochemical polarization curve for mild steel in 0.5 M H,SO, in presence of 100 ppm of Pedalium murex leaves extract
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Figure 5: Electrochemical polarization curve for mild steel in 0.5 M H,SO, in presence of 800 ppm of Pedalium murex leaves extract

AC impedance spectra

AC Impedance spectra have been used to investigate the formation of protective film on the metal surface during corrosion inhibition process.
When there is corrosion inhibition, charge transfer resistance value increases and double layer capacitance decreases [38-43].

Table 6 and Figures 6-8 show the AC impedance curves of mild steel immersed in acid medium in presence of different inhibitor concentrations.
The charge transfer resistance (R;) value increases and double layer capacitance (Cg) value decreases in presence of inhibitor concentrations.
This implies the formation of protective film on the metal surface. It can be also seen from Table 7 that there is a close agreement between the
values of inhibition efficiencies obtained from weight loss measurements, polarization and impedance studies.

Table 6: Corrosion parameters obtained from impedance study for mild steel in 0.5 M H,SO,

EA (ppm) R Ohm, cm? Ca Flem? Inhibitio(g/oe)fficiency
Blank 18.98 0.2251 -
100 34.93 0.1010 55.13
800 36.35 0.0240 89.33

Table 7: Comparison of inhibition efficiency measured by Weight loss, Polarization and Impedance method

[Inhibitor], (ppm)

Inhibition efficiency (%)

Weight loss studies Polarization studies

Impedance studies

Figure 6: Impedance curve for mild steel in 0.5 M H,SO,
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Figure 7: Impedance curve for mild steel in 0.5 M H,SO, in presence 100 ppm of Pedalium murex leaves extract
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Figure 8: Impedance curve for mild steel in 0.5 M H,SO, in presence 800 ppm of Pedalium murex leaves extract

It is inferred from the Nyquisit plots that the process represent simple corrosion and corrosion resistance one. Semi circles are obtained. The
equivalent circuit diagram for such a system is shown in Figure 9.

s +

—q— —

R, is Solution Resistance
R: is Charge Transfer Resistance

Cs 1s Double Layer Capacitance

Figure 9: Equivalent circuit diagram for a simple corrosion and corrosion inhibition process
CONCLUSION

The inhibitive influence of P. murex L. extract on the corrosion of mild steel in 0.5 M H,SO,4 was studied by weight loss method, polarization
measurements and AC impedance spectra. The inhibition efficiency values determined by these techniques showed close agreement.

The corrosion rate decreased with addition of P. murex L. extract. This is probably due to the progressing adsorption of the inhibitor molecules
present in the extract on the metal surface. The maximum inhibition efficiency was found to be 90.47%.

1. The corrosion of mild steel in 0.5M H,SO, solution is inhibited by the addition of P. murex L. extract.
2. The percentage of inhibition efficiency increases with increases of the inhibitor concentration.
3. The corrosion inhibition P. murex L. extract is attributed to the adsorption of the any of the components on to the mild steel surface.

The adsorption is assumed to arise from the n-bond of the components on the mild steel surface.
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4. The values obtained from the weight loss technique for the studied inhibitor fit into the Langmuir adsorption isotherm and the kinetic
thermodynamic model. The values free energy for the adsorption process indicates that both physisorption and chemisorptions
(comprehensive adsorption) of the P. murex L.extract studied on mild steel surface.

5. Polarization studies reveal that this formulation controls the cathodic reaction predominantly.

6. AC impedance studies reveal that a protective film is formed on the metal surface. These results suggested P. murex L. leaves extract
is a best eco-friendly inhibitor.
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