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Abstract— The inhibition efficiency (IE) of 

ethylenediaminetetraacetic acid (EDTA) in controlling 

corrosion of carbon steel in natural sea water in the absence 

and presence of Zn (II) ion has been evaluated by weight loss 

method. The formulation consisting of 250 ppm EDTA and 

50 ppm Zn (II) has 96% IE. The protective film formed on 

the metal surface has been characterized by atomic force 

microscopy (AFM). 
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I. INTRODUCTION 

Corrosion is the gradual destruction of metals by chemical or 

electrochemical reaction with its environment. It degrades the 

useful properties of metals like appearance, strength and 

rigidity, etc. It causes severe damages in cooling water 

system, petroleum refineries and high pressure boilers, etc. 

The corrosion is much extensive in marine environment due 

to the presence of high chloride ion. Among the various 

available methods to control corrosion, the use of inhibitor is 

one of the methods. It has been known that corrosion inhibitor 

is a chemical compound which is added to the corrosive 

environment at an optimum concentration, decreases the 

corrosion rate of metals by forming a protective layer. It has 

been reported that EDTA plays vital role in the corrosion 

prevention of metals by film formation.                The objective 

of the present investigation is to evaluate the corrosion 

inhibition of EDTA – Zn (II) system to carbon steel in natural 

sea water collected from Bay of Bengal, India. The IE has 

been evaluated by weight loss study and protective film 

formation has been confirmed by AFM study [1-4]. 

II. EXPERIMENTAL 

A. Preparation of The Carbon Steel Specimens 

The carbon steel specimens (0.026% Sulphur, 0.06% 

Phosphorus, 0.4% Manganese, 0.1% Carbon and rest is iron) 

of the dimensions 4.0 x 1.0 x 0.2 cm were polished to a mirror 

finish and degreased with trichloroethylene and used for the 

weight loss method and surface examination studies. 

B. Weight Loss Study 

The carbon steel specimens in triplicate were immersed in 

100 mL of the sea water containing various concentrations of 

the inhibitor in presence and absence of Zn (II) for three days. 

The IE has been calculated using the formula IE = 100 [1 – 

(W2/W1)] %, where W1 and W2 are corrosion rate (CR) in the 

absence and presence of inhibitor respectively. Also CR has 

been calculated using the formula, CR = 87.6W/DAT mm/y, 

where W = weight loss in mgs, D = 7.87 g per cubic 

centimetre, A = surface area of the specimen (10 square 

centimetre) and T = 72 hours. 

C. Atomic Force Microscopy (AFM) 

The carbon steel specimens immersed in various test 

solutions for one day were taken out, rinsed with double 

distilled water, dried and subjected to the surface 

examination. The surface morphology measurements of the 

carbon steel surface were carried out by AFM using SPM 

Veeco diInnova connected with the software version V7.00 

and the scan rate of 0.7 Hz. 

III. RESULTS AND DISCUSSION 

A. Analysis of Weight Loss Study 

The calculated inhibition efficiencies (IE) and corrosion rates 

(CR) of EDTA in controlling corrosion of carbon steel 

immersed in sea water, for a period of three days in the 

absence and presence of Zn (II) are given in Table 1.  

EDTA ppm 

Zn (II) = 

0 ppm 

Zn (II) = 

50 ppm 

IE% CR (mmpy) IE% CR (mmpy) 

0 - 0.1124 17 0.0933 

50 12 0.0989 34 0.0741 

100 20 0.0899 50 0.0562 

150 32 0.0764 68 0.0359 

200 40 0.0674 85 0.0168 

250 48 0.0584 96 0.0045 

Table 1: IE and CR Obtained from Edta – Zn (Ii) 

The calculated value indicates the ability of EDTA 

to be a good corrosion inhibitor. The IE is found to be 

enhanced in the presence of Zn (II). EDTA alone shows some 

IE. But the combination of 250 ppm EDTA and 50 ppm Zn 

(II) shows 96% IE. This suggests that synergistic effect exists 

between EDTA and Zn (II).               [5 – 6].  

B. Surface Characterization by Atomic Force Microscopy 

(AFM) 

AFM is a powerful technique for the gathering of roughness 

statistics from a variety of surfaces. AFM is becoming an 

accepted method of roughness investigation. All atomic force 

microscopy (AFM) images were obtained using SPM Veeco 

diInnova AFM instrument operating in contact mode in air. 

The scan size of all the AFM images is 4.91 μm x 4.91 μm 

areas at a scan rate of 0.7 Hz. The two dimensional (2D), three 

dimensional (3D) AFM morphologies and the AFM cross-

sectional profile for polished carbon steel surface (reference 

sample), carbon steel surface immersed in sea water (blank) 

and carbon steel surface immersed in sea water containing the 

formulation of 250 ppm of EDTA and     50 ppm of Zn (II) 

are shown in Fig. 1 (a, d, g), (b, e, h), (c, f, i) respectively [7 

– 10]. 

AFM analysis was performed to obtain the average 

roughness, Ra (the average deviation of all points roughness 

profile from a mean line over the evaluation length), root-

mean-square roughness, Rq (the average of the measured 

height deviation taken within the evaluation length and 

measured from the mean line) and the maximum peak-to-

valley (P-V) height values (largest single peak-to-valley 

height in five adjoining sampling heights). Rq is much more 

sensitive than Ra to large and small height deviations from 
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the mean. The summary of the average roughness (Ra), root-

mean-square roughness (Rq) and maximum peak-to-valley 

(P-V) height for carbon steel surface immersed in various test 

solutions are given in Table 2.  

The values of Ra, Rq and P-V for polished carbon 

steel surface (reference sample) is 5.6241 nm, 8.1069 nm and 

44.40 nm respectively, which shows a more homogeneous 

surface, with some places where the height is lower than the 

average depth. Fig. 1 (a, d, g) displays the uncorroded metal 

surface. The slight roughness observed on the polished 

carbon steel surface is due to atmospheric corrosion. The 

average roughness, root-mean-square roughness and P-V 

height values for the carbon steel immersed in sea water are 

32.9000 nm, 40.2000 nm and 140.60 nm respectively. This 

data suggests that carbon steel surface immersed in sea water 

has a greater surface roughness than the polished metal 

surface, which shows that unprotected carbon steel surface is 

rougher and was due to the corrosion of the carbon steel in 

sea water. Fig. 1. (b, e, h) displays corroded metal surface 

with few pits. 

The presence of 250 ppm of EDTA and 50 ppm of 

Zn (II) in sea water is significantly reduces the RMS 

roughness from 40.2000 nm to 11.4514 nm and the average 

roughness from 32.9000 nm to 7.1882 nm. The maximum 

peak-to-valley height also was reduced to 64.94 nm from 

140.60 nm. These parameters confirm that the surface 

appears smoother. The smoothness of the surface is due to the 

formation of a compact protective film of Fe (II) - EDTA 

complex and Zn(OH)2 on the metal surface thereby inhibiting 

the corrosion of carbon steel. Also the above parameter 

observed are somewhat greater than the AFM data of polished 

metal surface which confirms the formation of the film on the 

metal surface, which is protective in nature [11 – 13]. 

Samples 
Ra 

nm 

Rq 

nm 

P-V 

nm 

Control 5.6241 8.1069 44.40 

Blank 32.9000 40.2000 140.60 

Formulation 7.1882 11.4514 64.94 

Table 2: Afm Data For Carbon Steel Surface Immersed In 

Various Test Solutions 

 
Fig. 1: 2D AFM images of carbon steel surface of control, 

blank and formulation 

 
Fig. 2: 3D AFM images of carbon steel surface of control, 

blank and formulation 

 
Fig. 3: The cross-sectional profiles of control, blank and 

formulation 

IV. MECHANISM OF CORROSION INHIBITION 

The results of weight loss study show that the formulation 

consists of 250 ppm EDTA and 50 ppm Zn (II) has 96% IE, 

in controlling corrosion of carbon steel in sea water. A 

synergistic effect exists between EDTA and Zn (II). The 

AFM study confirms the formation of protective film on the 

metal surface. The addition of EDTA reduces metal 

dissolution in an aqueous environment and this may be due to 

adsorption and complex formation at the metal surface with 

the combined application of EDTA and Zn (II). Hence the 

corrosion process is inhibited [14 – 15]. 

V. CONCLUSION 

The present study concluded that the IE of EDTA in 

controlling corrosion of carbon steel immersed in natural sea 

water in the absence and presence of Zn (II) has been 

evaluated by weight loss study and the AFM images confirm 

the protective film formation over the metal surface. 
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