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Abstract : Corrosion inhibition studies of mild steel in 240 ppm aqueous chloride ion solution
withp-amino benzoic acid (PABA) has been investigated using experimental techniques such
as weight loss, Ultraviolet-Visible spectroscopy (UV), Fourier transform infrared spectroscopy
(FTIR), Potentiodynamic Polarization(PDP), Electrochemical Impedance Spectroscopy (EIS)
and Scanning Electron Microscopy (SEM). All these technique revealed that the inhibitor
PABA reduced the mild steel corrosion through their effective adsorption to form inhibitive
layer by Fe-inhibitor complex formation which is further evidenced from FTIR.

Keywords : Green corrosion inhibitor, Vatamin B10, p-Amino benzoic acid, Mild Steel, 240
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1. Introduction

Corrosion of iron due to its contactwith worst environments offerings a serious economic problem.lIt
was reported[1-3] that the corrosion of iron in corrosivesolutions arises through the dissolution of iron fromthe
oxidation state Oto +2 and further to +3.When the solutions containing more concentration of chloride ions, the
dissolution of iron from the oxidation state 0 to +2 arises on multistep as follows:

Fe + H,0=Fe(OH).qs + H*

Fe +CI_ =Fe(CI_)ad5

Fe(OH)ags+ Fe(Cl)ags = Fe + FeOH™+CI+ 2¢”
FeOH'+ H" = Fe*'+ H,0

The corrosion and their inhibition of iron in various environments were reported in several research
studies[4-8].Among this, one of the important techniques to protect iron against corrosion is the usage of
corrosion inhibitors[9-10].The usage of green corrosion inhibitorshave been widely reported by many
authors[9-11]. Theefficiency of these compounds isdue to the presence of functional groups, steric effects,
electronic density of donor atoms, and p-orbitalcharacter of donating electrons[9-15]. The inhibition mechanism
is usually based on their interactions with the metal surface and their adsorption sites where polar functional
groups are present[16].The inhibitor molecules bonded to the metal surface may be due to the chemisorption,
physisorption, or complexation with the polar groups acting as the reactive centre in the molecules[17]. This
study reports the inhibition of the electrochemical corrosion of iron in 240 ppm chloride ion solutions by
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PABAwith different electrochemical measurements. The structure of the compound is shown in Figure 1. The
PABA contains two donor oxygen atoms and one amino group in their structure. These groups of PABA may
act as reactive centre for inhibiting corrosion of mild steel.
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Figure 1. Molecular and optimized Structure of PABA

2. Materials and Methods

The material used in this study was mild steel coupons with chemical composition (% wt.) of 0.10 C,
0.06 P, 0.40 Mn, 0.026 S and the remaining Fe.Mild steel coupons of dimension 1 x 4 x 0.2 cm® were cut and
scraped using 150-600 grit emery papers. The coupons were degreased andrinsedwith AR grade acetone and
double distilled water, respectively. FeSO, and NaCl were purchased from Merck, India. PABA was purchased
from Loba Chemie, India. In the preparation of PABA solution, 1g PABA is dissolved in 15ml of ethanol and
made up to 100 ml in a SMF using double distilled Water. Chloride ions concentration of 240 ppm and various
concentrations of ferrous ions were prepared usingdouble distilled Water. Corrosion medium is a fixed
concentration of 240 ppm of chloride ions in double distilled Water. Inhibitors concentration of 25, 50, 100, 150
and 200 ppm were used to find out corrosion rate and inhibition efficiency.

2.1. Weight loss method

The weight loss measurementswere completed according to the standard method asdescribed earlier
[18].In this method, previously polished,degreased and weighed mild steel coupons were immersed in 100mL
of 240 ppm chloride ion solution in the absence and presenceof various concentrations of inhibitorat ambient
temperature.After 24 h immersion, the coupons were taken out from solution, washed with double distilled
water, dried carefully and weighed. The weight loss (AW) was used to calculate the corrosion ratedenoted as
CR, (mgdmday™) and the inhibition efficiencyas IE(%).

CR (mg.dm?Zday™?) = W = M;-M,/SP

Where, M; and M, is the mass of the specimen before and after the corrosion respectively, S is the surface area
of the specimen in dm?, P is the period of immersion in days, and W is the corrosion rate. The IE was calculated
by using the following equation:

IE (%) = (Wo—W;)/Wox 100

Here AW= (W,—W;), where Wy and W; are the corrosion rate of mild steel in the absence and presence of
inhibitor respectively,

In this study, the CR value is calculated using the formula,
CR (mg.dm®.day™) =AW (mg)/ [0.096 (dm®) x 1 day]
Where, the surface area S takes the value of 0.096 dm?®.
2.2. Potentiometric polarization studies

Electrochemical studies were carried out using conventional three electrode cell assembly. The working
electrode was a mild steel coupon with avisible surface area of 1 cm” was fixed to a holder and the remaining
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area was protected with epoxy coating. Saturated calomel electrode and platinum wire were used as reference
and counter electrode. The working electrode was steeply immersed in the test solution and open circuit
potential was recorded by using Princeton Applied Research (2 channels) analyzer. With respect to open circuit
potential value, the Tafel polarization studies were carried out. Corrosion current (ler) and corrosion potential
(Ecorr) Were obtained by extrapolating the anodic and cathodic curves of Tafel plot.IE was calculated by using
correspondingler Values.Electrochemical impedance analyses were performed in the frequency range from 1
Hz to IMHz.The mild steel coupons used for this study were 1 cm? surface area which was visible to the
corrosive solution. All these measurements were done at atmospheric conditions without any stirring. The
experiments were conducted in the absence and presence of inhibitor with different concentration in the 240
ppm chloride ion medium.

2.3. Characterization of surface morphology

The surface morphology of the mild steel coupons in the absence and the presence of optimum
concentration of inhibitor wereanalysedusing SEM (TESCAN Vega 3) with electron acceleration between 5 and
10 kV.

2.4. Fourier transforms infrared spectroscopy

FTIR spectra were recorded in Perkin Elmer Spectrum RX | with spectral range of
4000 cm™ to 400 cm™ with spectral resolution of 4 cm™. The mild steel coupons were immersed for 24 h in 100
mL of 240 ppm of aqueous chloride ion medium containing different concentration of PABA. After 24 h, the
coupons were taken out and dried. Lastly, the coupons were rubbed with a small amount of KBr powder and
made into a disk for FTIR characterization.

2.5. UV-Visible spectroscopy

The UV absorption spectra were recorded for 300 ppm ferrous ion solution, 200 ppm PABA solution
andthe mixture of ferrous ion and PABA of above concentration using PerkinElmer’s Lambda 35 UV-Vis
spectrophotometerwith spectral range of 190 nm to 1100 nm.

3. Result and Discussion
3.1. Weight Loss Measurement

The values of corrosionbehaviour of mild steel in 240 ppm chloride ion solution in the absence
andpresence of various concentration of inhibitor from weightloss measurements are given in Table 1 and
figures 2(a)and 2(b). From this study, the IE (%) increaseswith increase in concentration of the inhibitor. The
maximum efficiency 86.61% is obtainedat 200 ppm of PABA solution after 24 h of immersion time of mild
steel specimens. In figure 2(a), the IE (%) is increasing with inhibitor concentration and the maximum
efficiency is reached at a concentration of 200 ppm. On further increasing the inhibitor concentration (250 and
300 ppm) does not show any appreciable change in the efficiency. The reason for this study may be that all the
active sites of surface of mild steel are completely adsorbed by the inhibitor molecule and there is no empty
active sites are available for further adsorption.

Figure 2(b) shows that the CR of mild steel decreases from 31.24 mgdmday™to 5.26 mgdmday*on
the addition of 25 ppm to 200 ppm of inhibitor after 24 h of immersion time. The increase inlE (%) from
20.56% to 86.61% may be due to the blocking effect of the metal surface by adsorption and film
formationmechanisms, which decreases the effective area of corrosion attack [19]. From the weight loss
measurements, the inhibiting performance exhibited by the compound may be due to the presence of donor
oxygen atom and m electron of benzene ring, whichmakes it adsorb and forminsoluble protective layer on the
surface ofmild steel. Fromthese results, it is clear that the studied inhibitor PABA is quickly adsorbed at the
corrosion active sites of mild steel surface and responsible for anticorrosion activity.
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Table 1.Weight loss studies for mild steel in the absence and presence of various concentrations of
inhibitorin 240 ppm chloride ion solution.

Conc. of Weight loss CR Surface coverage IE
PABA (ppm) | (mg.dm?® | (mg.dm?day™) 6) (%)
Blank 3.93 39.33 = -
25 3.12 31.24 10.28 20.56
50 2.27 22.76 21.06 42.12
100 1.36 13.67 32.61 65.23
150 1.05 10.53 36.60 73.21
200 0.52 5.26 43.30 86.61
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Figure 2. Weight loss curves of various concentrations of inhibitor in 240 ppm chloride ionsolution at
room temperature: (a) variation of IE (%) with different concentrations of inhibitor and (b) variation of
CR with different concentrations of inhibitor.

3.2. Potentiodynamic polarization

The PDP curve of mild steel immersed in the absence and presence of inhibitor is shown in figure3. The
corrosion parameters namely Ecor, leor, Cathodic slope (5:), anodic slope (8.), 6 and IE (%) calculated from
Tafel plots are given in Table 2.

The IE (%) is defined as
IE (%) = (I%or— lcor/ 1°cor) X100
Wherel®; and I.ois the corrosion currentdensity values without and with inhibitor, respectively.

Electrochemical polarization study of PABA shows that the I, values decreases with the addition of
various concentrations of inhibitor. When the |, density value decreases, the IE (%) value increases from
12.19 % to 92.06 %. From the observation of the polarization studies, that the I, values are decreased
prominently, the IE (%) increased with increase in the concentration of the inhibitor. The maximum IE (%)
obtained at the optimum inhibitor concentration of 200 ppm. Generally, if the value of Eis greater than 85
mV/SCE the inhibitor can be classified as cathodic or anodic type and however, if the value of E.is lower than
85 mV/SCE the inhibitor can be classified as mixed-type[20]. The maximum shift E, values are in the range of
152.88 mV. This shows that the PABA may act as cathodic or anodic type of inhibitor. However, a shift of E¢r
of the used inhibitor towards anodic side, which is 316.81 to -469.69mV/SCE, was established (-
152.88mV/SCE). Since the larger displacement exhibited by the used inhibitor is higher than the borderline (-
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152.88mV/SCE), it is proved that the addition of inhibitor alters the value of E. significantly, indicating that
the added inhibitor is more polarized in the anodic side. From Table 2,the anodic Tafel plots values were shifted
to higher values with reference to blank in the presence of addition of various concentrations of inhibitor when
compare to cathodic. These observations confirmed that addition of PABA to 240 ppm chloride ion solution
will reduce anodic dissolution of mild steel more than the cathodic hydrogen evolution reaction [21]. All the
above fact tells that the used inhibitor is acted as mixed-type corrosion inhibitor, but predominantly anodic.
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Figure 3.PDP curve for mild steel in 240 ppm aqgueous chloride medium in the absence and presence of
PABA.

Table 2.PDP parameter for mild steel immersed in 240 ppm aqueous chloride medium in the absence and
presence of PABA.

Inhibitor Blank | Inhibitor Ecorr Pa P Surface 1Eppp | 1EwL
concentration leorr leorr coverage
(PPM) | (MAcm?) | (MLAcm?) | (MV)/SCE | (mVdec?) | (mVdec™?) (0) (%) | (%)
Blank 23.871 - -316.81 162.689 128.447 0 -
25 23.871 20.792 -469.69 121.037 111.39 0.1219 12.19 | 20.56
50 23.871 18.672 -345.62 86.622 142.007 0.2177 21.77 | 42.12
100 23.871 4,165 -217.98 118.045 66.397 0.8255 82.55 | 65.23
150 23.871 4.03 -214.70 87.171 69.131 0.8311 83.11 | 73.21
200 23.871 1.894 -221.83 45.897 62.891 0.9206 92.06 | 86.61

3.3. Electrochemical Impedance Spectroscopy

Impedance diagrams obtained for mild steel in 240ppm chloride ion solution in the presence and
absence of the inhibitor PABA is shown in figure4. The impedance parameters such as Rct, Cdl, Ymax, 6 and
IE (%) is derived from Nyquist plots are given in Table 3.

The equivalent electrical circuit used to fit the impedance spectra for corrosion of mild steel in 240 ppm
of aqueous chloride medium in the presence and absence of PABA was shown in Figure 4.
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Figure 4. Equivalent electrical circuit used to fit the impedance spectra obtained for mild steel immersed
in 240 ppm aqueous chloride medium in the absence and presence of PABA.

The charge transfer resistance increased with an increase in the concentration of inhibitor in 240 ppm
chloride ion solution. In the impedance studies,

IE was calculated as: IE (%) = (Retginn~ Rty / Retginny) * 100

WhereRrand Renny are uninhibited and inhibited charge transfer resistance respectively. The diameter of
Nyquist plots increased on increasing the concentration of PABA which indicated the strengthening of inhibitor
film [22]. As the concentration of inhibitor increased, charge transfer resistance enhanced and decreased the
double layer capacitance values. This was due to the adsorption of PABA on the metal surface leading to the
formation of a protective layer on the electrode surface and decreased the extent of dissolution reaction [23-24].
These results were in very good agreement with both weight loss and polarization data and could be attributed
to decreasedlocal dielectric constant and increased thickness of the electrical double layer [25].
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Figure 5.Electrochemical impedance (Nyquist) spectrum of mild steel in 240 ppm chloride ion solution
with and without various concentrations of inhibitor.
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Table 3. Linear polarization resistance parameters values for corrosion of mild steel in 240 ppm chloride
ion solution containing various concentrations of inhibitor.

PABA

L . Rt Ca IE
Inhibitor conc(;r;tr:la)ltlon @ cmg) WF Cm.g) (%)

0 (Blank) 62.32 - -
25 174.91 1.04 64.37
50 239.35 5.56 73.96
PABA 100 352.59 2.56 82.32
150 436.7 1.67 85.73
200 529.18 1.13 88.22

3.4 Analysis of adsorbed film

Thescraped mild steel samples collected from specimen immersed in 240 ppm aqueous chloride
medium is labeled as “MS in C1” and scraped samples collected from specimen immersed in the same chloride
medium with PABA are labeled as “MS in PABA+CI”and were used in the below discussion. The FTIR spectra
in Figure 6 were recorded for MS in CI,MS in PABA+Cland MS in PABAsamples.
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Figure 6.FTIR spectra of mild steel in chloride medium, in PABA and chloride medium and inPABA

The FTIR spectra in Figure 6 were recorded for MS in Cl, MS in PABA+CI and PABA samples. The
strong peaks at 3466, 3363 and 3227 cm™ corresponds to —NH stretching of the amine group. The strong peaks
at 1661 cm™ was due to the carbonyl group of PABA. The shift in the carbonyl peak indicates the interaction of
carbonyl group of PABA with the surface of the mild steel. The peaks at 1600, 1573 and 1524 cm™ corresponds
to the C=C vibrations of the PABA[26]. These peaks shifted after adsorption of PABA, which implies there is
an interaction between the aromatic ring and the mild steel. The disappearance of the strong peak at 1310 cm™
clearly indicated that there is an interaction with nitrogen of C-N bond with the metal surface.
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The UV-Vis absorption spectrum in Figure 7 was taken for 200 ppm of PABA, optimum concentration
of Fe (FeSQ,), and 200 ppm PABA& optimum concentration of Fe. The formation of new bands and shift in the
absorption band clearly show that there is effective complex formation between Fe?* ion and PABA.

T . T v A

—_———Fe"" ion

—_—— PABA

—— PABA+ Fa''lon

Intensity (arb units)

N

T T T ¥
200 250 300 aso

400
Wavelength (nm)

Figure 7. UV-Vis spectrum for pure Fe?*, PABA, and Fe**+PABA

3.5. Surface analysis

The surfaces of mild steel were analysed using SEMafter 24himmersionin 240 ppm chloride ion
solution in the absence and presence of optimum (200 ppm) concentration of inhibitor. The SEM images of
polished mild steel, 240 ppm chloride ion solution without inhibitor, and 240 ppm chloride ion solution with
inhibitor are given in Figures 8(a)-8(c).The Figure 8(c) indicates that the anticorrosion activity is increased
remarkably in the presence of inhibitor due to the effective adsorption of PABA.

Figure 8. SEM images of the surface of mild steel: (a) polished mild steel, (b) after immersion in 240 ppm
chloride ion solution in absence of PABAand (c) in presence of PABA.
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Figure 9.EDS spectra of the surface of mild steel: a) polished mild steel b) mild steel immersed in 240
ppm of aqueous chloride medium and c¢) mild steel immersed in 240 ppm of aqueous chloride medium in
presence of VB10.

The corresponding EDS spectra to the SEM image Figures 8(a) to 8(c) were shown in Figures 9(a) to
9(c). In Figure 9(b), the presence of chloride ion was responsible for the pitting in the mild steel seen in Figure
8(b). Sodium ions were confirmed to have no influence on the corrosion behavior.[41]The presence of nitrogen
atom in Figure 9(c) implied that the inhibitor VB10 was adsorbed on the mild steel and smooth SEM images of
VB10 seen in Figure 8(c).

4. Conclusion

1. PABA is found to be worthy green inhibitor for mild steel in 240 ppm chloride ion solution.

2. Corrosion inhibition property was increased with increase ininhibitor concentration.

3. EIS study shown that the studied inhibitor followsadsorption mechanism and controls the corrosion ofmild
steel in 240 ppm chloride ion solution.

4. Polarization studies show that PABA acts as a mixed-type corrosion inhibitor, but predominantly anodic

inhibitor.

IE (%) obtained from weight loss measurement was in good agreement with EIS and PDP methods.

FTIR and UV study show that there is a complex formation between Fe and PABA.

7. SEM & EDS studies confirmed the formation of inhibitor film on the surface of mild steel.

oo
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