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ABSTRACT - The work presented here aims to identify the inhibition property of the extract 
of Nerium Oderum (N.O) leaves on mild steel (MS) corrosion in acid medium. Chemical and 
electrochemical studies like weight loss method, Tafel method, Linear Polarization, 
Impedance (LPR) studies were carried out. These studies confirm that the extract of N.O is an 
efficient inhibitor for mild steel in different acid medium of 1M HCl and 0.5M H2SO4. N.O 
could act as an excellent inhibitor performing maximum inhibition efficiency (I.E) in both 
acids. Surface analysis and characterization was done using EDAX, FESEM, FTIR, XRD, 
Zeta potential and contact angle (CA) measurements. Polarization techniques such as Tafel 
studies reports identify the inhibitor is mixed type and impedance studies which confirms the 
adsorption on inhibitor molecules on the mild steel surface in both acidic medium. Contact 
angle measurement revealed that absorbed inhibitor molecule is hydrophiliic in nature. High 
I.E of the extract is due to adsorption of inhibitor molecules on metal surface which is 
confirmed by Langmuir and Temkin adsorption isotherms. The free energy of adsorption and 
enthalpy change was calculated and the results obtained are in good agreement with Zeta 
potential.  
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I. INTRODUCTION 

Corrosion is a major problem faced by people handling metals. As a result of corrosion 
material becomes thinner and poorer in performance. One of the corrosion retardation 
processes in the oxidation rate of the metal by addition of a chemical compound to the system 
is corrosion inhibitors. [1] There are two process involved in the action of the inhibitor on the 
metal surface. The first step involves the transport of the inhibitor to the metal surface 
followed by a second step involving a chemical interaction between the inhibitor and the 
metal surface. [2]  

Aim of this work is to shed light on the inhibitive property exhibited by a new bio-extract of 
Nerium Oderum (N.O) in acid medium. The extract was prepared in various concentrations of 
HCl and H2SO4 acid medium and studied its inhibitive properties on mild steel corrosion. The 
structural properties and mechanism of corrosion control of the samples were analyzed using 
various techniques. It is expected that this is going to be a promising inhibitor where naturally 
available products are used as excellent inhibitor.                                                                              
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II. EXPEIMENTAL 

2.1. Materials and chemicals  

Mild steel (MS) specimens were cut into pieces having area 5cm x 1cm which had a percent 
nominal composition as measured by vacuum emission spectrometer DV-4,        (PRICOL, 
Coimbatore, Tamil Nadu, India) of carbon -0.06, Manganese - 0.4, Silicon - 0.05, Phosphorus 
- 0.03, Sulphur - 0.0277, Chromium - 0.022, Molybdenum - 0.014 and Nickel - 0.0117. The 
specimen were polished to a smooth surface using different grade emery papers (No. 1/0 to 
4/0) and were degrease with CLARKS solution (50g of stannous chloride + 20g of antimony 
trioxide in 1000mL of conc. HCl), followed by washing with tap water followed by distilled 
water, dried and stored in a dissector for further study.  

The N. O plant leaves were collected and air dried under controlled conditions (shadow 
drying) to avoid too many chemical changes occurring. 5% extracts were prepared from 25g 
powder of each plant materials in 500 mL of 1M HCl  (AR grade) / 0.5M H2SO4 (AR grade) 
and refluxed for three hours and kept over- night. Next day the filtrate volume was made upto 
500 mL using the same acid.  

 

2.2. Characterization of N.O extract 

2.2.1. XRD 

X ray powder diffraction (XRD) patterns were recorded for MS sample after treated with 
0.5% N.O extract after immersion of 24hrs in 1M HCl solution using Rigaku Model Ultima 
IV instrument with Cu K alpha radiation (Philips, Eindhoven, Netherlands). Spectrum was 
plotted between intensity and 2θ values. 

2.2.2. FTIR  

The FTIR spectra was recorded of the MS sample after treated with 0.5% N.O extract after 
immersion of 24hrs in 1M HCl solution using FTIR spectrophotometer (Shimadzu, Japan) 
from the range of  4000-500 cm-1 as KBr pellets. Homogenous mixture of sample in KBr was 
prepared by grinding in mortar and by the action of 12 ton lab press to diminish moisture 
present in the sample. 

2.2.3. Zeta Potential and particle size distribution 

Zeta potential of N.O extract was measured at room temperature in the count rate of 15.6 kcps 
in the measurement position of 4.65mm for the duration of 1/2hr using Zeta Potential analyzer 
(Zetasizer Ver. 6.32, USA). The particle suspension was diluted with deionized water.    

2.3   Weight loss method 

Test specimens were weighed and three specimen were immersed in (1M HCl / 0.5M H2SO4) 
100mL of this  acid / [acid + inhibitor] solution for a constant time to carry out the 
experiments in triplicates; were taken out and washed thoroughly with tap water followed by 
rinsed with distilled water, dried and reweighed. The difference in weight gives weight loss. 
The experiment was carried out in room temperature and at elevated temperature (313K, 
323K, 333K and 343K) for varying concentration (from 0.05% to 0.7%) and time (1/2, 1, 3, 6, 
12, 24Hrs) using thermostat. The corrosion rate-C.R. (in mils per year-mpy) in every case was 
calculated by using the formula: 
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             534 x W      (1) 

 C.R. =      
                   D A T  
Where, W -Weight loss in mg, D -Density of mild steel (7.9 g/cc), A -Area of the specimen in 
cm2, T -Exposure time in hours. Inhibitor efficiency (I. E) was calculated using the equation: 

               Wo - W  
 I.E  =                x 100       (2) 

     Wo 
 

Where, Wo & W -weight loss without inhibitors & with inhibitors. Surface coverage () was 
calculated using following equation: 

                   Wo - W 

                               =                            (3) 
                      Wo 

From weight loss results 0.5%  N.O was found to be optimum concentration, so further 
studies are carried out for the extract of same concentration treated specimen in 1M HCl 
solution. 

2.4 Activation energy (Ea) 

The activation energy at different concentration of the inhibitors at various temperature used 
was determined by plotting log C.R. vs 1/T from the slope the activation energy (Ea) was 
calculated using the formula 

Ea = 2.303 x R x slope. Where, R = Gas constant   (4) 

2.5 Change in free energy (Ga) of adsorption  

The change in free energy of adsorption for different higher temperature in comparison with 
room temperature at various concentrations of inhibitors was calculated by using the formula: 

Ga = -2.303 x R (T2-T1) log K2 / K1    (5) 

 

Where, T1& T2- Room temperature & Higher temperature in Kelvin, K1& K2 are corrosion 

rate at T1 and T2 respectively.  A plot of Ga vs 1/Temperature was drawn. According to 

Gibbs - Helmholtz relation,     G = H - TS     (6) 

The slope of these lines are equal to enthalpy (H) and intercepts corresponds to entropy S 
of adsorption. 

2.6. Potentiodynamic polarization studies 

2.6.1. Tafel plot 

Polarisation studies were carried out using SOLATRON 1280B electrometer. A three 
electrode assembly of MS working saturated calomel electrode (SCE) reference and platinum 
electrode as auxillary electrode was used. 100 mL of 1M HCl / 0.5M H2SO4 is taken in a 100 
mL beaker, then a polished electrode (mild steel with diameter 1" x 1") is introduced and 
allowed for 30 minutes to attain a constant potential. The platinum electrode is placed at +400 
mV cathodic to its open circuit potential (OCP). Then the potential is scanned at 1 mV/s 
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towards the anodic direction.  Tafel plot performed on a sample by polarizing the sample 
about 300mV anodically with the potential scan rate of 0.1to 1.0 mV/s. From the polarization 
study, corrosion parameters such as corrosion potential (Ecorr), corrosion current (Icorr), Tafel 
anodic (ba), cathodic (bc) slopes were calculated.  Corrosion rate calculated using the 
equation: 

 
C.R. (Mils per year) =                  0.13 x Icorr x Eq.Wt  (7) 
                                                                    d 

 

where, 'Icorr' -corrosion current (A. cm-2), Eq.Wt -equivalent weight of the corroding metal, d 
- density of the metal (g cm-3). 

 

According to Stern-Geary equation, the slope of the linear polarization plot is used to get 
corrosion current.                  ba x bc                    1    (8) 

Icorr  =       2.303 (ba+bc)              Rp 
 

Where,  'Rp' -resistance potential.  

2.6.2. Impedance Measurements (Nyquist plot) 

Impedance measurements were carried out and the results are presented in the form of 
Nyquist plots. At each corrosion potential of an AC sine wave of 10 mV amplitude is applied 
to the electrode with the frequency of 10 KHz to 100 MHz was super imposed at the OCP. In 
this method the charge transfer resistance (Rct) is obtained from the plots of Z' (real parts) vs 
Z'' (imaginary part). The value (Rp + Rs) corresponds to the points where the plot cuts Z- axis 
at low frequency and solution resistant -Rs corresponds to the point where the semicircle cuts 
the Z-axis at high frequency.  The difference gives the polarization resistant - 'Rp' values. 

2.7. Surface analysis 

 2.7.1. FESEM 

FESEM (Field Emission Scanning Electron Microscope ) was used to study the surface 
morphologies of the MS specimen after exposed for 24Hrs in 0.5% N.O extract in 1M HCl 
medium  ZEISS SIGMA instrument, Japan  with a voltage from 0.5 to 30 kV.  

2.7.2. EDAX 

Energy dispersive X ray Spectroscopy (EDAX) was used to study the elemental analysis or 
the chemical constituents present within the sample using ZEISS SIGMA instrument, Japan. 
It represents the sample image and hence the constituents present with respect to its 
concentrations using a peak with its X axis ranging from 0-16 keV. MS specimen used for 
this study was exposed in 1M HCl in the presence of 0.5% N.O for the period of 2Hrs. 

2.7.3 Contact angle 

The contact angle (CA) photographs for the mild  steel specimen after exposed in 0.5% N.O 
extract in 1M HCl was recorded using the instrument HO-IAD-CAM 01 and photograph 
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could provide the surface tension or surface energy of the metal after treated. Drop shape 
analyser was used to measure the wettability of the MS surface by liquid (water) by Sessile 
drop method. Inter facial tension (IFT) measured based on the analysis of drop shape of 
pendant drop. Analysis of real and imaginary part of the interfacial dilation modulus based on 
oscillating or relaxing contour of pendant drop, a degree though which water spread on metal 
surface when it comes into contact with it. The IFT values were used to find the work of 
adhesion to measure the strength of contact between solid-liquid phases. More the IFT values, 
more will be the work of adhesion, surface is hydrophobic in nature. The work of adhesion 
was calculated using the following equation:  

   Wls = σs + σl –σ1s         (9)  

Where σl & σs- surface tension of liquid and solid respectively, σls- IFT. 

According to young’s equation, relationship between CA and surface tension of liquid ( σl),  
IFT (σsl)  between liquid and solid is calculated by  

            Free Energy=    σsl  +  (σl Cosθ).        (10) 

Where (θ ) is CA. 

III. RESULTS AND DISCUSSION 

3.1. XRD 

 

 

Fig. [1]. XRD spectra for sample exposed 24hrs in 0.5% N.O extract in 1% HCl solution at 
250C     

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 5, 2019

ISSN NO: 2394-2886

Page No: 99



 
 

Fig. 1. shows the XRD curve for mild steel exposed 24hrs in 0.5%N.O extract in 1% HCl 
solution in a wide angle measurement. It shows 2θ values at 26.1 and 35.1 related to the phase 
value (1 1 0) and (1 0 1) respectively and the FWHM value is 8.550. The result confirmed that 
N.O extract contains average nano sized particles of 17.10A. The presence of other crystalline 
faces are (1 1 1), (0 0 2), (2 2 0) and (2 2 2) with respect to the peak values of 32, 25, 64 and 
82. Interestingly no sharp peaks were observed for N.O extracts may be due to the extract 
molecules completely covering the metal surface which further support the high I.E values of 
weight loss and polarization results 

3.2. FTIR 

Fig. 2. reveals FTIR spectrum for sample treated with 0.5% N.O extracts in 1M HCl solution 
at room temperature for the period of 24hrs. Transmission bands at 3446.94 , 1639.56 , 
736.38 , 555.5 and 448 cm-1 are attributed due to O-H stretching, C=O stretching, double 
bond bending vibration  and may be due to halogen or metal oxide respectively. The result 
confirms the presence of functional groups with hereo atoms aromatic ring and oxygen which 
mainly bonded with metal and protect from metal corrosion. [3]  FTIR spectrum was 
compared with phytochemical studies result, which is conform the presence of major 
constituents with same functional groups such as oleandrin, odoroside, adynerin, oleaside 
with ( C=O, O-H,  and aromatic ring) [4-5].  

 
  

 

Fig. [2]. FTIR spectra for sample exposed 24hrs in 0.5% N.O extract in 1% HCl solution at 
250C  

  3.3. Zeta Potential and particle size distribution 

Zeta potential measure surface charge and stability of dispersion. The potential at the position 
close to the boundary between stationary and diffuse layer. It measures the mobility of the 
particle under magnetic field depends particle size and stability of the particle. Zeta potential  
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increase when the particle is more stable, size of the particle is more or charging surfactant [6-
7]. Zeta potential of N.O extract was measured at room temperature and presented in Fig. 3. 
The surface potential of N.O extracts are -5.93 eV and -96.1eV and average particle 
dispersion size of 1394d.nm. The increase in negative charge and smaller in size of the 
particle distribution are due to the high negative surface, which reflects the high stability and 
aggregation because of repulsion force between adjacent molecules [8].     

 

 

                       Fig. [3]. Zeta potential for N.O extract  

 

3.4 Weight loss method 

The I.E calculated by using weight loss data of mild steel in 1M HCl and 0.5M H2SO4 
medium with and without the addition of different concentration of the inhibitor with different 
exposure time are expressed in Fig [4.a] and Fig [4.b]. This inferred that in 1M HCl and 0.5M 
H2SO4 the I.E. of the plant extract under study gradually increases with increasing 
concentration and it reached a maximum value at 0.5% and then there was a gradual decrease 
in the I.E. The Critical Micellar Concentration (C.M.C) was found to be 0.5%. Thus the 
performance of the inhibitor in both acid medium was found to be similar. [3] & [4]. Period of 
immersion is particularly purposeful to study the I.E. Experiments were conducted using 1M 
HCl and 0.5M H2SO4 of leaves extracts of N.O. at different period of exposure (1/2 Hr, 1Hr, 
3Hrs, 6Hrs, 12Hrs and 24Hrs.). Time of immersion and inhibitor efficiency is directly 
correlated. Maximum inhibition efficiency in 1M HCl was found to be 97.43% & 94.26% at 
12 Hrs, & 24 Hrs respectively and in 0.5M H2SO4 inhibition efficiency was found to be 
98.14% at 6 Hrs, 96.38% at 12Hrs and 94.26% at 24Hrs.  This linear variation of I.E. with 
time indicated that there may be a mono layer formation on the surface of the metal during 
immersion of mild steel in the plant extract under study [10, 11]. To evaluate the effect of 
temperature on acid extracts of N.O. in 1M HCl and 0.5M H2SO4, the corrosion studies were 
conducted at different temperature (303K, 313K, 323K, 333K and 343K) for 1/2hr. Results are 
depicted in the Table 1. In 1M HCl & 0.5M H2SO4 at 333K the I.E increased from 0.1% to 
0.5% concentration and then there after was a gradual decrease. The results obtained in both 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 5, 2019

ISSN NO: 2394-2886

Page No: 101



 
 

acid medium reveal that the optimum temperature for the plant extracts was found to be 333K 
at 0.5% concentration of inhibitor. The plant extract in both acid medium could act as 
temperature resistant inhibitor upto 3330K. 

 

 

 

 

 

 

 

 

 

 

 

Fig [4a] Effect of I.E. of N.O. with Concentration in 1M HCl  

 

 

 

Fig. [4 a] and [b] Effect of acid extracts of (N.O.) in 1M HCl and 0.5M H2SO4 on I.E. & 
concentration 
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TABLE 1: RELATIONSHIP BETWEEN I.E AND TEMPERATURE (N.O IN 1M HCl AND 
0.5M H2SO4)  

Conc. 
of 

N.O. 

(%) 

Temperature  

303 K 313 K 323 K 333 K 343K 

I.E (%) I.E (%) I.E (%) I.E (%) I.E (%) 

1M 
HCl 

0.5M 
H2SO4 

1M 
HCl 

0.5M 
H2SO4 

1M 
HCl 

0.5M 
H2SO4 

1M 
HCl 

0.5M 
H2SO4 

1M 
HCl 

0.5M 
H2SO4 

Blank -  -  -  -  -  

0.1 37.78 18.37 82.71 90.63 74.19 94.99 87.93 91.36 78.27 86.73 

0.2 7.0 16.33 82.48 92.23 73.92 95.50 94.12 94.20 88.81 90.39 

0.3 34.76 26.53 92.43 93.89 74.04 96.06 94.27 95.17 89.03 91.65 

0.4 47.10 10.20 87.98 94.89 92.92 95.82 95.67 95.95 91.63 92.29 

0.5 52.39 18.37 82.07 93.67 90.68 96.13 95.24 96.77 91.98 93.28 

0.6 42.57 24.47 57.00 93.38 81.86 96.64 93.71 95.73 89.16 92.95 

0.7 32.49 23.40 76.37 93.86 88.73 96.22 92.25 94.18 88.74 90.15 

 

3.5. Potentiodynamic polarization studies 

Polarization studies had been carried out for extract of leave extracts at optimum 
concentration 0.5% at room temperature. Results obtained by Tafel, & impedance (Nyquist) 
studies are presented in Tables2-3 and Fig. [5. a & b] and [6. a & b] respectively. 
Potentiodynamic Polarization curves for N.O in 1M HCl and 0.5M H2SO4 are illustrated in 
the Fig. [5.a] & Fig. [5.b] respectively. The corrosion parameters deduced from Tafel 
polarization such as Icorr, Ecorr and Tafel constants ba & bc are tabulated in the table 3.  Icorr 

values decrease for the inhibited system than blank comparable. [12]. 
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Fig. [5]. Tafel plot for mild steel in 0.5% N.O in (a) 1M HCl and (b) 0.5M H2SO4 solution at 
250C 

TABLE 2: ELECTROCHEMICAL CORROSION PARAMETERS FOR MILD STEEL IN 
THE PRESENCE OF EXTRACTS (TAFEL PLOT) 

S.No Inhibitor 
-ECorr  

mV/SCE 

Icorr   

mA/cm2  x 
10-4  

Tafel Constants 

I.E. 
(%) 

mV / dec. 

ba bc 

1 
Blank  

1M HCl 
482 53.00 74 128 - 

2 0.5% N.O 505 1.50 94 118 97.16 

3 

Blank  

0.5M 
H2SO4 

480 53.35 95 165 - 

4 0.5% N.O 462 4.97 92 172 53.26 
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Fig. [6]. Nyquist plot for mild steel in 0.5% N.O in (a) 1M HCl and (b) 0.5M H2SO4 solution 
at 250C 

TABLE 3: IMPEDENCE PARAMETERS OF THE EXTRACTS (NYQUIST) 

S.No Inhibitor 
(-) Ecorr  

mV / SCE 

Rp  

ohm. cm2  

I Corr. 

mA. cm2 

I.E 

(%) 

1 
Blank 

1M HCl 
482 190 0.107 

- 

2 
0.5% 
N.O 

505 98 
0.2318  

x 10-3 

97.8 

Suraj Punj Journal For Multidisciplinary Research

Volume 9, Issue 5, 2019

ISSN NO: 2394-2886

Page No: 105



 
 

3 

Blank 

0.5M 
H2SO4 

480 81.6 0.2984 

- 

4 
0.5% 
N.O 

462 98.00 
0.268 

x 10-3 

90.18 

 

The semicircle Nyquist diagram (Fig. 6.a &b) shows the variation of capacitance and resistant 
values of the inhibitive system than blank in both acid medium. The increasing resistant value 
of the inhibitor system indicates the dielectric character of the extract that separate the metal 
from the solution. The resistance values drops over time which may be due to the absorption 
of electrolyte by the barrier film through the pores [13].     

Polarization studies are experiments of short duration and time will not be enough for the 
formation of the continuous film on the metal surface which leads to the low values of 
inhibitor efficiency in H2SO4 bath. The Icorr values decrease considerably in the presence of 
inhibitor which is evidence that the inhibitor under study could perform inhibitive action. The 
change in ba and bc values with respect to the blank values indicated, the compound as mixed 
inhibitors. Maximum inhibition efficiency in the polarization technique can be explained in 
the following way: 

The adsorbed inhibitor may not cover the entire metal surface but occupies the sites which are 
electrochemically active and there by reduces the extent of anodic and cathodic reaction. 
Corrosion rate will be decreased in proportion to the extent to which the electrochemically 
active sites are blocked by the adsorbed inhibitor and decrease the corrosion rate of the metal 
surface [14].  

3.6. Arrhenius parameters for the acid extracts of N.O 

To evaluate a suitable mechanism for the plant extracts under study, the values of activation 

energy (Ea), free energy change (G), enthalpy (H) and entropy (S) are purposeful. The 
values of activation energy and free energy change will prove whether the system undergoes 
physical (or) chemical adsorption. The activation energy was calculated for this reaction from 
the slope of the plot of log C.R vs 1/Temperature [Fig. 7] using the equation (4).The 
activation energy values of the inhibited system was found to be lower than those of 
uninhibited system, which indicated the chemical type of adsorption taking place on metal 
surface [15]. The low and negative values of free energy were obtained from the Tables (4 a 
&b) and Fig [8]. This result illustrated that there was a spontaneous adsorption of the inhibitor 
on the surface and the increase in the free energy of adsorption with increase in temperature 
suggest chemical adsorption of the inhibitors on the surface of the mild steel [16].  
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Fig. 7. Arrhenius plot for N.O in acid medium 

 

 

Fig. [8. a]. Temperature dependence of the free enegry of adsorption 
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Fig. [8. b]. Temperature dependence of the free enegry of adsorption 

 

3.7. Heat of adsorption (H) and entropy change (S) 

Fig. 8 (a & b) give us relationship between free energy change (G) and temperature. Using 

Gibbs - Hemholtz equation, the slope of the plot is equal to entropy change (S) and intercept 

of free energy change (G) axis gives the corresponding heat of adsorption (H).When the 

concentration of the inhibitor was increased, H and S decreased upto C.M.C. after 

whichH &S increased, since the adsorption is an exothermic process and is always 
accompanied by a decrease of entropy (Table 4 (a & b)). Therefore, the gain in entropy that 
accompanies the substitutional adsorption process is attributed to the increase in solvent 
entropy [17].  

3.8. Adsorption Isotherms 

Efforts had been taken to study Langmuir, and Tempkin isotherm. When the surface of the 
electrode is in an ideally homogeneous and there is no interaction among adsorbed species, 

the adsorption will follow Langmuir adsorption isotherm. Results calculated from values of  
obtained at various concentration of the plant material extracts indicate that it follows 

Langmuir adsorption Fig. 9. (a & b). Further examination of the data revealed that when  
was rather small, the adsorption isotherm of the plant materials followed Temkin equation. 

Our data reflected that when  is smaller, the interaction among adsorbed molecules can be 
neglected and the behavior of adsorption is affected by the heterogeneity of the metal surface. 
Fig. 10 (a) & (b) yield straight line with regression coefficient close to unity, clearly 
indicating that the adsorption of the molecules from acidic solution on metal surface obey 
Temkin adsorption isotherm [18]. 
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Fig. 9. Langmuir adsorption isotherm for N.O on mild steel (a) at 333 K, and (b) at 12hrs at 
room temperature 
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Fig. [10] Temkin adsorption isotherm for N.O on mild steel (a) at 333 K, and  (b) at 12hrs at 
room temperature  

 
TABLE 4. (a): DETERMINATION OF Ea AND THERMODYNAMIC PARAMETERS 
(N.O.) IN 1M HCl ON MILD STEEL 

 
TABLE 4 (b): DETERMINATION OF Ea AND THERMODYNAMIC PARAMETERS 
(N.O.) IN 0.5M H2S04 ON MILD STEEL  

 

Conc. of 
N.O 
% 

Ea  
(Kcal./Mole) 

 (-)Ga  
Kcal. / mole   

(-)H   
(Kcal./Mole) 

 (-) S   
(Kcal./mole deg.) 

313K 323K 333K 343K 

Blank 25621.02 35.98 14.16 21.57 09.70 71830 198.62 

0.1 20596.57 10.41 22.52 06.46 21.39 21665 82.64 

0.2 23154.56 01.20 22.47 08.05 22.51 49510 164.58 

0.3 21072.48 6.82 36.14 05.55 22.61 16780 68.95 

0.4 20473.02 6.51 04.05 11.78 22.79 56570 183.82 

0.5 15375.36 16.56 01.55 04.66 32.93 52220 173.19 

0.6 24165.85 29.98 05.93 03.51 28.12 80000 7.51 

0.7 21374.49 15.11 02.96 16.93 15.28 14480 56.73 

Conc. 
of N.O 

Ea  
(Kcal./Mole) 

 (-)Ga  
K cal. / mole   

(-)H   
(Kcal./Mole) 

 (-) S   
(Kcal./mole) deg. 
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                          3.9 Surface analysis 

3.9.1 FESEM 

FESEM micrograph of MS specimen exposed in 1M HCl in the presence of 05% N.O extract 
for the period of 24 Hrs at 250C was carried out in the magnification of 5000X and presented 
in fig. 11. (a) and fresh specimen in fig. 11. (b). It is identified clearly that the chemical 
constituent present in N.O extract are adsorbed on metal surface from the acidic medium. It 
also shows that particle on metal surface is amorphous, spherical with rough texture. 

 

 

Fig. [11]. FESEM images of mild steel (a) exposed in 0.5% N.O in 1M HCl for 24hrs at 250C 
(b) Fresh specimen 

 

 

% 

313K 323K 333K 343K 

Blank 25621.02 57.9 22.12 1.15 8.97 15476 446.23 

0.1 20596.57 42.58 20.63 14.30 7.98 110130 314.52 

0.2 23154.56 50.68 24.42 9.15 14.69 132492 377.05 

0.3 21072.48 39.82 25.72 10.78 10.79 102030 289.41 

0.4 20473.02 37.06 25.47 10.88 10.78 93430 263.91 

0.5 15375.36 46.73 20.75 10.01 5.20 130184 377.67 

0.6 24165.85 58.98 20.17 19.66 2.06 171270 497.15 

0.7 21374.49 48.27 16.48 20.62 2.92 131910 380.25 
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3.9.2 EDAX  

The EDAX results obtained on MS surface after treatment with 1M HCl in the presence of 
0.5% N.O extract for 24hrs at 250C presented in fig. 12. a & b. It is seen that elements of C, 
O, Cl & Fe are identified, where the elements Cl & Fe are from 1M HCl acid medium and 
MS. It is comparable to the major constituents present in N.O leaf with phytochemical studies 
of oleandrin, odoroside, adynerin and oleaside which contain only C, N & O but no S 
constituents in the N.O leaves [5].The high corrosion inhibition efficiency effect of N.O 
extract is due to lone pair e- present on OH & epoxy group, which provide the adsorption of 
inhibitor on metal surface, hence high I.E obtained. This result obviously correlated with 
weight loss, potentiodynamic polarization results. 

The high corrosion inhibition efficiency effect of N.O extract is due to lone pair e- present on 
N, OH & epoxy group. The elemental composition of EDAX result is compared to the 
composition of major constituents present in the inhibitor; there is an obvious increase in I.E 
in both acid medium due to synergistic effect [19].  

  

 

Fig. [12]. EDAX images of mild steel (a) exposed in 0.5% N.O in 1M HCl for 24hrs at 250C 
(b) Elemental composition 

 Obtained Atomic weight Percentage 

Element Weight % Atomic% Compound% 
C 21.285 38.01 24.57 
Fe 75.015 51.94 74.72 
Mn 0.29 0.15 0.38 
Na 0.23 0.28 0.31 
Cl 8.35 6.62 0.0 

 

3.9.3. Contact angle 

Contact angle of N.O extract coated & water by Sessile drop method was carried out at room 
temperature to find wetting property of adsorbed N.O molecule on MS and presented in firure 
13. Water drop immediately spread on ms surface but around time taken. The surface is 
hydrophilic in nature- the contact angle is 12.1o – 12.3o only with interfacial tension (IFT) 
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1.20 – 1.26 mN/m-N.O. IFT measurement based on the analysis of drop shape of pendant 
drop. Analysis of real and imaginary part of the interfacial dilation modulus were based on 
oscillating or relaxing contour of pendant drop and a degree through which water spread on 
metal surface when it comes into contact with it. The IFT values used to find the work of 
adhesion- measure the strength of contact between solid-liquid phases. More IFT values more 
will be the work of adhesion, surface being hydrophobic in nature [20]. CA values between 0-
45o complete wetting, 45- 90 o – good wetting, above 120- bad wetting. More IFT more will 
be the free energy, more repulsive force, less corrosion [21]. After exposing with N.O 
inhibitor, contact angle is found to be less. So, the surface is hydrophilic but high inhibition 
efficiency can be due to the hetero atoms in the extract adsorbed on metal surface.   

 

 

 

Fig. 13. Contact angle of water and N.O extract film -1% HCl exposed speciman 

3. 10. Corrosion Inhibition, Molecular Structure and Mechanism 

The molecules in the extract of N.O are adsorbed on the metal surface and offered inhibition. 
A correlation between inhibition and electronic configuration of the molecule was attempted.  
The performance of an organic inhibitor is related to their chemical structure and physio 
chemical properties of the compound. The inhibitive action can be due to adsorption of the 
molecule or its ions on anodic and/or cathodic sites or Increased in cathodic and / or anodic 
over voltage and/ The formation of a protective barrier film. The extracts of the examined 
plant materials contain Nitrogen, and Oxygen containing organic compounds. The molecular 
structure of all the compounds had an extensively delocalized orbital filled with a number of 

 - electrons contributed from different anchoring atoms of the molecule. It was expected 
from the molecular structure that these molecules might be adsorbed on the metal surface 
through oxygen atoms in acidic solution, hydrogen permeation in metals take place.   

The structural modification of N. O extract in acid solution [22 ] explained as follows:  

N. O in acid medium 
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IV. CONCLUSION 

Efforts have been taken to study the beneficial role of inhibitive action of the acid extracts of 
Nerium Oderum (Leaves) on mild steel in 1M HCl and 0.5M H2SO4 by classical weight loss 
method and potentiodynamic methods. Weight loss measurements have been carried out for 
different concentrations of the inhibitors at various time of immersion at room temperature 
and higher temperature.  The investigated plant material (N.O) is an effective inhibitor for the 
corrosion of mild steel in 1M HCl and 0.5M H2SO4. Critical Miceller Concentration was 
found to be 5% at room temperature in 1M HCl and 0.5M H2SO4. N.O could act as an 
excellent inhibitor performing a maximum inhibition efficiency of 97.43% in1M HCl and 
98.14% in 0.5M H2SO4 Naturally occurring plant materials such as N.O could also be 
recommended as adsorption organic inhibitors. Since they follow the adsorption mechanism, 
promising inhibitors such as N.O could reveal excellent inhibitive action on mild steel in acid 
medium 
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