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Abstract:  Corrosion is a natural process generally known as rust, an unwanted phenomenon, which spoils the lustre and 
beauty of objects and shortens their life. The use of organic inhibitors is one of the most practical methods for protection 

against corrosion of metals and their alloys. In aqueous solutions, the inhibitory action of organic inhibitors is due to their 

physical (electrostatic) adsorption onto the metal surface, depending on the charge of the metal surface, the electronic 

structure of organic inhibitor and the nature of the medium. The present study is carried out to discuss the inhibitive effect of 

an aqueous extract of naval leaves on the corrosion of carbon steel in dam water using weight loss method, electrochemical 

studies and surface analysis techniques like Fourier transform infrared spectroscopy (FTIR), Scanning electron microscopy 

(SEM). Results of weight loss method indicated inhibition efficiency (IE) increased with increasing inhibitor concentration to 

a particular extend and then it decreases. Polarization study reveals that the inhibitor system controls the cathodic reaction 

predominantly. AC impedance spectra reveal that a protective film is formed on the metal surface. The above results have 

been supported by surface morphology study using Scanning electron microscopy carried out on the carbon steel samples in 

the absence and presence of inhibitor. 

 
Keywords: Carbon steel, Corrosion inhibition, Synergistic effect, FTIR, SEM. 

© 2016 IJRCE. All rights reserved 

Introduction 
Corrosion is the gradual damage of materials 

(usually metals) by chemical reaction with their 

environment. It is a steady and continuous problem, often 

difficult to get rid of completely. Prevention would be more 

practical and achievable than complete elimination. The use 

of inhibitor is one of the best options of protecting metals 

and alloys against corrosion [1]. Many synthetic compounds 

show excellent anticorrosive activity, but they are very 

toxic to both human being and environment, are costly and 
non-biodegradable. To reduce these problems natural 

products are used as corrosion inhibitors because they are 

non toxic, cheap, and biodegradable.  

 On going through that the literature, it was found 

that many plant extracts were used as corrosion inhibitors. 

Recently aqueous extract of banana peel [2], water Hyacinth 

(Eichorrnia crassipes) [3], Hibiscus esculenta leaves [4], 

garlic [5], Aloes extract [6], Asafetida [7], capsicum annum 

fruit extract 
[8]

, jeera (Cuminum cyminum) 
[9]

, propolis 
[10]

, 

Naval leaves [11] have been used as corrosion inhibitors. 

The present work focuses on the inhibitory action of 

various concentrations of naval leaf extract along with 

Trisodium citrate (TSC) in minimising the corrosion of 

carbon steel immersed in dam water. For the present study, 

the medium used is dam water collected from Sothuparai 

dam in the state of Tamil Nadu, India, constructed across 

the Vaigai River. A few industries located in downstream 

uses the dam water as coolant. The major constituent of 

naval leaf extract is Catechin. 

   
Material and Methods 

Sample Collection 

Preparation of inhibitor (plant extract) 

 An aqueous extract of naval leaf was prepared by 

grinding 10 g of naval leaf, with double distilled water, 

filtering the suspending impurities and making up to 100 

ml. The extract was used as corrosion inhibitor in the 

present study.  

http://www.ijrce.org/
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The molecular structure of Catechin 

Preparation of the Specimen 

The dimension and chemical composition of 

carbon steel samples are 1.0 cm × 4.0 cm × 0.2 cm. 0.026 

% sulphur, 0.06 % phosphorous, 0.4 % manganese, 0.1 % 

carbon and the rest iron. They were polished with emery 

wheel and degreased with trichloroethylene and then stored 

in desiccators. Then they were used for the weight loss 

measurements and surface examination studies.  

 

Weight-Loss Method 

 
Carbon steel samples in triplicate were suspended 

in 100 ml of the Sothuparai dam water, containing various 

concentrations of the inhibitor, naval leaf extract (PE) in 

the absence and presence of Trisodium citrate (TSC) for a 

period of 3 days. The weights of the carbon steel before and 

after immersion were found out using a digital balance 

model AUY 220 SHIMADZU. The corrosion products 

were removed with acetone. The corrosion inhibition (IE) 

efficiency was then calculated using the equation 

 %    (1) 

Where, W1 is the corrosion rate in the absence of inhibitor 

and W2 is the corrosion rate in the presence of inhibitor. 

Determination of corrosion rate 

The Corrosion rate (CR) which is directly 

proportional to the weight loss / cm3 in a specified time was 

calculated using the formula  

   (2) 

Where, 

              W = weight loss in milligrams 

D = density of specimen gm/cm3 = 7.87 gm/cm3 

A = area of specimen in square inches = 1.55 

T = exposure in hours  = 72 hours 

 

 

 

 

Potentiodynamic Polarization 

 

Potentiodynamic polarization accountings were 

done using computer - controlled potentiostat, CHI 

electrochemical work station with impedance mode 608E. 

A three- electrode cell assembly was used. The working 

electrode was carbon steel. A SCE was the reference 
electrode. Platinum was the counter electrode. From 

polarization study, corrosion parameters such as corrosion 

potential (Ecorr), corrosion current (Icorr), Tafel slopes anodic 

βa and cathodic βc were determined and a linear 

polarization study was done. The scan rate (V/S) was 0.01. 

Hold time at Ef(s) was zero and quiet time (s) was two. 

AC Impedance Spectra 

To record AC impedance spectra, the same 

instrument used for polarization study was used. The real 

part (Z’) and imaginary part (Z’’) of the cell impedance 

were measured in ohms at various frequencies. From the 

above data charge transfer resistance (Rt) and the double 

layer capacitance (Cdl) were calculated.  

Surface Examination Study 

           For surface examination studies, the carbon steel 

samples were immersed in the inhibited and uninhibited 

environment for a period of one day after which, they were 

taken out and dried. The film thus formed on the surface of 

the metal was subjected to various surface analysis 
techniques. 

Fourier Transform Infrared Spectra (FTIR) 

A Perkin-Elmer-1600 spectrophotometer was used 

to record FTIR spectra using KBr pellet method. The FTIR 
spectrum of the protective film was recorded by carefully 

removing the film, mixing it with KBr, and making the 

pellet. 

Scanning Electron Microscopy (SEM) 

           The carbon steel samples immersed in blank and in 

the inhibitor solution for a period of one day was removed, 

rinsed with double distilled water and dried. SEM 

technique was used to examine the surface morphology. 

The morphology measurements of carbon steel were done 

using a JEOL model 6390 computer controlled scanning 

electron microscope. 

Result and Discussion 

Weight loss study 

 The physicochemical parameters of dam water are given in 

table 1.  
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Table 1: Water Analysis 

 
The corrosion inhibition efficiency (IE) of PE in 

controlling the corrosion of carbon steel immersed in dam 

water, for a period of three days both in the absence and 

presence of TSC by weight loss method have been 

tabulated in table 2. The corresponding corrosion rates 

(CR) of carbon steel immersed in dam water are also given 

in table 2. It is observed that the IE increases upto a 

particular concentration of PE and then it decreases. When 

IE increases the corresponding corrosion rate decreases. 

The IE values indicate the ability of PE to act as a good 
corrosion inhibitor is enhanced significantly in the presence 

of TSC. A synergistic effect exists between PE and TSC. 

For example 6 ml of PE has 31% of IE and 25 ppm of TSC 

has 23 % of IE, and the formulation consisting of 6 ml of 

PE and 25 ppm of TSC has 94%. IE i.e., a mixture of 

inhibitors shows higher IE than the individual inhibitors [12-

14]. This particular mixture of inhibitors is selected as the 

best system and using it further studies have been carried 

out. When the concentration of TSC is increased from 25 

ppm to 50 ppm IE value decreases. Hence it is concluded 

that the optimum concentration of TSC for maximum IE is 
25 ppm. 

 

Table 2: Corrosion inhibition efficiencies (IE %) and the corresponding corrosion rates (CR) in (mills per year) of PE 

– TSC system 

 

 

 

 

 

 

 

 

Influence of immersion period 

The influence of immersion period on the best 

system is shown in table 3. From table 3, it is found that the 

IE is low on the first day because the protective film is 

partially formed. On three days of immersion the IE is 

found to be high and the protective film is completely 

formed. After five days of immersion the IE is decreased 

because the protective film is broken due to the continuous 
attack of other ions present in the solution. On further 

increasing the immersion period again the protective film is 

formed and IE increases. 

Table 3: Influence of Immersion period on the IE% of 

PE –TSC system 

 

 

 

 

 

 

 

 

 

Analysis of polarization curves 

Figure 1 refers to the potentiodynamic polarization 

curves of carbon steel in dam water in the absence and 

presence of inhibitor system. The cathodic branch 

represents the oxygen reduction reaction, while the anodic 

branch represents the iron dissolution reaction. The 

electrochemical parameter such as corrosion potential 
(ECorr), corrosion current (Icorr), Tafel slopes (βa and βc) 

linear polarization resistance (LPR) are given in table 4. 

When carbon steel is immersed in dam water, the corrosion 

potential is -470 mV versus SCE. The best system shifts the 

corrosion potential to -810 mV versus SCE. i.e., the 

corrosion potential is shifted to the cathodic side. It is also 

noticed that the shift in the anodic slope (from 166 to 180 

mV/dec) is lower than the shift in the cathodic slope (from 

203 to 140 mV/ dec). Hence, it can be assumed that the 

same inhibitor system mostly controls the cathodic 

reaction. The corrosion current value and LPR value for 

dam water are 2.66×10-6 A/cm2 and 2.05×104 ohm cm2. 

 For the formulation of PE (4 ml) - TSC (25 ppm), 

the corrosion current value decreased to 4.92×10
-7

A/cm
2
 

and the LPR value increased to 7.5×104ohm cm2.  

Parameter 

 
Results 

 

Appearance 

Total dissolved solids 

Electrical conductivity 

pH 

Total hardness as CaCO3 

Calcium 
Magnesium 

Iron 

Nitrate 

Chloride 

Sulphate 

Brownish 

90 ppm 

130 

Micromho/cm 

8.25 

45 ppm 
10 ppm 

06 ppm 

10 ppm 

10 ppm 

10 ppm 

02 ppm 

 

PE in ml 

Tri Sodium Citrate 

0 ppm 25 ppm 50 ppm 

IE% CR(mpy) IE% CR(mpy) IE% CR(mpy) 

0 0 0.4742 23 0.3651 36 0.3034 

2 16 0.3983 60 0.1897 48 0.2466 

4 27 0.3461 61 0.1849 52 0.3225 

6 31 0.3272 94 0.0239 46 0.2561 

8 35 0.3082 59 0.1944 22 0.3699 

DAY 1 3 5 7 

IE% 81 96 89 93 
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The information that the LPR value increases with 

decrease in corrosion current signifies the absorption of the 

inhibitor on the metal surface to block the active sites and 

slow down corrosion and bring down the corrosion rate [15, 

16]. 

 

Table 4: Corrosion parameters of carbon steel immersed in dam water with and without the inhibitors obtained by 

polarization method. 

PE in ml TSC ppm ECorr mV VS 

SCE 

ICorr A/cm
2
 βa mV/dec βc mV/dec LPR  ohm 

cm
2
 

0 0 -470 2.66×10-6 166 203 2.05×104 

6 25 -810 4.92×10-7 180 140 7.5 ×104 

 

 

 

Figure 1: polarization curves of carbon steel immersed 

in solutions. a) dam water b) dam water containing 6 ml 

of PE and 25ppm of TSC 

Analysis of AC impedance spectra 

 AC impedance spectra can be utilized to detect the 

formation of film on the metal surface [17, 18]. If a protective 

film is developed, the charge transfer resistance (Rt) 

increases and double – layer capacitance (Cdl) value 

decreases. Nyquist representations of carbon steel in dam 

water in the absence and presence of inhibitor system are 

shown in figure 2. The impedance parameters, namely 

charge transfer resistance (Rt) and double layer capacitance 

(Cdl) are given in table 5. When carbon steel is immersed in 

dam water, Rt value is 1.08×104 ohm cm2 and Cdl is 

8.36×10-10 F/cm2.When 6 ml of PE and 25 ppm of TSC are 

added Rt value increases from 1.08×104ohm cm2 to 
4.01×104ohm cm2and the Cdl value decreases from 8.36×10-

10 F/cm2 to 2.13× 10-10 F/cm2. This implies that a protective 

film is developed on the surface of the metal [19, 20]. 

Analysis of FT-IR spectra   

FTIR spectra are used to analyze the protective 

film formed on the metal surface [21].  A few drops of an 

extract of naval leaf were dried on a glass plate. A solid 

mass was obtained. Its FTIR spectrum is shown in figure 

3(a).  The C=O stretching frequency appears at 1720 cm-1. 

The OH stretching frequency is located at 3447 cm-1. The 

C=C stretching frequency is seen at 1566 cm-1. The 

symmetric C-O-C stretching frequency appears at 1396 cm-

1.  Thus the structure of naval leaf extract ( Catechin) is 

confirmed by FTIR spectrum. The FTIR spectrum (KBr) of 

pure TSC is given in figure 3(b).The peaks at1730 cm–1 and 

1095 cm–1 are due to C=O C–O groups. The OH stretching 

frequency occurs at 3298 cm–1. The bands at 2924 cm–1, 

2864 cm–1, 951 cm–1 and 756 cm–1 are due to stretching and 
bending vibrations of methylene groups [22]. 

Table 5: Impedance parameters of carbon steel in dam 

water in the presence and absence of inhibitors obtained 

by AC impedance method 

 

PE in ml 

Nyquist  plot 

Rt ohm cm
2
 Cdl F/cm

2
 

0 1.08×104 8.36×10-10 

6 4.01×104 2.13 ×10-10 

 

 

Figure 2: AC impedance spectra of carbon steel 

immersed in solutions: (a) dam water b) dam water 

containing 6ml of PE and 25 ppm of TSC 
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Figure 3(a): FT-IR spectrum of catechin extract 

evaporated to dryness 

 

Figure 3(b): FT-IR spectrum of pure TSC 

 

 

Figure 3(c): FT-IR spectrum of film formed on metal 

surface in presence of the inhibitors 

The FTIR spectrum of the film formed on the metal surface 

is shown in figure 3(c) the OH stretching frequency is 

shifted from 3447 cm-1 to 3453 cm-1. The symmetric C-O-C 

stretching frequency is shifted from 1393 cm-1 to1396cm-1. 
The    C-O stretching frequency is decreased from 1095 cm-

1to 1078 cm-1.These shifts signify that the electron clouds 

of OH, C-O-C and C-O are migrated towards Fe2+ resulting 

in the formation of Fe2+– catechin and Fe2+–TSC complexes 

on the anodic sites of the metal surface[23].   

 

SEM Analysis of metal surfaces  

 SEM provides a pictorial representation of the 

surface.  SEM images of magnification 500 of carbon steel 

samples immersed in dam water for 1 day with and without 

the inhibitors are given in figure 4(b) and 4(c) respectively. 

The SEM micrograph of the polished carbon steel surface 

(control) is shown in figure 4(a). It confirms the smooth 

surface of the metal and lack of any corrosion products on 

the metal surface. The SEM micrograph of carbon steel 

surface immersed in dam water is given in figure 4(b). The 
metal surface is rough and uneven, which denotes the 

corrosion of carbon steel in dam water. 

 
 

(a) Polished carbon steel (control) – magnification – 

X500 

 
 

(b) Carbon steel immersed in dam water – 

magnification – X500 
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(c) Carbon steel in the inhibited environment. 

Magnification – X500 

Figure 4: SEM micrographs   

Figure 4(c) shows that in the presence of inhibitors in dam 

water, the surface coverage increases, which in turn 

indicates the formation of insoluble complex on the surface 

of the metal (Catechin and TSC inhibitor complex). A thin 

layer of the inhibitors covers the surface of the metal and 

controls the dissolution of carbon steel [24, 25]. 

Conclusion 

The results of weights-loss study indicates that the 

formulation consisting of 6 ml of PE and 25ppm of TSC 

has 94% IE in reducing  the corrosion of carbon steel in 

dam water. A synergistic effect exists between PE – TSC 

system. Polarization study indicates that the PE – TSC 
system predominantly controls the cathodic reaction. AC 

impedance and FT-IR spectra reveal that a protective film 

is formed on the metal surface. The SEM micrographs 

corroborate the formation of protective layers on the metal 

surface. 
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