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Abstract: The corrosion inhibition of mild steel in 0.5 M H2SO4  in the absence and presence of corrosion inhibitor at 

different concentrations of Gomphrena globosa leaves extract has been investigated by potentiodynamic polarization and AC-

impedance methods. The results indicated that inhibition efficiencies were enhanced with an increase with concentration 

of inhibitor. The inhibition efficiency of Gomphrena Globosa leaves extract obtained from the electrochemical measurements 

were in good agreement. The results obtained indicate that the Gomphrena Globosa leaves extract functioned as a good 

inhibitor in 0.5 M H2SO4.   
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INTRODUCTION 
 

Due to various industrial applications and economic importance of mild steel, its protection against corrosion has 

attracted much attention. One of the most practical methods for protection against excessive dissolution of metal by 

corrosion is use of proper inhibitors [1]. The study of corrosion of mild steel is a matter of tremendous theoretical and 

practical concern and as such as has received a considerable amount of interest. Mild steel certainly is cheapest and most 

commonly used in construction material, were used extensively for centuries in many areas, intended for water pipes, 

boats, docks, tanks vessels, etc. Because of its low nobility and structural defects, mild steel, in interaction with other 

metals, corrodes practically in all environments [2]. Corrosion inhibition of mild Steel in sulfuric acid solution by 

Houttuynia Cordata extract were reported by Xingwen Zheng et al. [3]. Diah Riski Gustiand and co-workers [4] investigated 

that the ethanol extract of leaves of Cassava (Manihot esculenta) effectively inhibited the corrosion of mild steel in sulfuric 

acid solution. Inhibition of mild steel corrosion in 0.5 M H2SO4 with leaves extract has been done by S.V. Priya et.al.[5].K. 

Shanmuga Priya et al. [6] reported that the green corrosion inhibition effect of acid extract of Polyalthia Longifolia on mild 

steel in H2SO4 solution, the inhibition efficiencies were up to 92% at 1.5% inhibitor concentration. The present study is to 

evaluate the effect of Gomphrena Globosa against the corrosion of mild steel in 0.5 M H2SO4 medium. Electrochemical 

methods such as polarization study and AC impedance spectra have been used. 

 

MATERIALS AND METHODS  
 

The experimental studies related to the inhibition action of G. Globosa leaves extract on mild steel in 0.5 M H2SO4 have 

been presented here. Figure 1 shows the leaves and plants of G.Globosa. 
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Figure 1: Gomphrena Globosa. 

 

The botanical study of G.globosa as follows: Botanical name: Gomphrena globosa; Tamil name: Vadamalli; Kingdom: 

Plantae; Species: G.globosa; Order: Caryophyllales, Family: Amaranthaceae; Genus: Gomphrena L.  

Therapeutic uses of G.globosa: The plant is used for the  treatment  of Asthma,  Bronchosis, Cardiopathy, Diabetes, 

Dysentery, Dysmenorrhea, Dyspepsia,  Dysuria,  Fever,  Gas,  High Blood Pressure,  Leukorrhea,  Oliguria,  Respirosis. 

Phytochemical screening of G.globosa leaves extract is given in Table 1[7]. 

 

Table 1: Phytochemical groups identified from G.globosa leaves extract. 

 

S. 

No. 
Phyto 

constituents 

Aqueous 

extract 

1. Proteins - 

2. Tannins + 

3. Phenols + 

4. Flavonoids - 

5. Alkaloids - 

6. Steroid - 

7. Saponin + 

8. Quinones - 

9. Terpenoid - 

10. Cardio 

glycosides 

- 

 

(+) Present;   (-) Absent. 

Preparation of extract  

The fresh leaves of G.globosa were dried in shade and then crumbled to powder. G.globosa powder (1g) were mixed with 

1000ml of double distilled water. The extracts were left to cool down and then filtered using Whatman filter paper. In the 

present study these extracts were used as a corrosion inhibitor. 

Materials and chemicals used  

Mild steel was utilized as test material for this research. For polarization, cylindrical mild steel rod embedded in Teflon 

leaving a working area of 1.0 cm2. 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. 

Electrochemical studies  

The electrochemical studies were made using a three-electrode cell assembly. The middle neck was used to accommodate 

working electrode (WE) of mild steel and the remaining two for the reference electrode (RE/SCE), and the counter 

electrode (CE) of platinum (99.5% pure). Scheme 1 shows the experimental set up of three electrode cell assembly. 
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Scheme 1: Three electrode cell assembly.  

Electrochemical methods of corrosion testing involving linear polarization and Tafel plots using sophisticated 

potentiostate instruments give an instantaneous corrosion rate which tracks the type of inhibition as anodic, cathodic or 

mixed type. The electrochemical impedance study proves the adsorption of plant extracts by decrease in double layer 

capacitance values from blank. 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[8]. 

 

Potentiodynamic polarization studies 

 Polarization study has been used to investigate the formation of protective film during the process of corrosion 

inhibition study. When there is corrosion inhibition, corrosion current value decreases. 

Figures 2-4 showed the cathodic and anodic Tafel polarization curves of mild steel in 0.5 M H2SO4 without and with 

different concentrations of G.globosa leaves extract. Tafel extrapolations of the anodic and cathodic lines of the polarization 

curves were used to determine various electrochemical parameters such as anodic and cathodic Tafel slopes (ba and bc), 

potential (Ecorr), and current density of corrosion (Icorr).  

 

The inhibition efficiency (IE%) of the extract were calculated using the formula below  

 

Inhibition efficiency (%) = (Icorr)0-(Icorr)i/(Icorr)0 × 100  

  

Where, (Icorr)0=Corrosion current density in blank, (Icorr)i= Corrosion current density in presence of inhibitor  

 

  

Table 2 shows a decrease in corrosion current density (Icorr) with the addition of the inhibitors. The values of  Icorr 

decreases with increasing inhibitor concentrations.[9]  

 

Table 2: Corrosion parameters obtained from polarization curves for mild steel in 0.5 M H2SO4 in the presence 

and absence of inhibitor.   

System Inhibitor, 

ppm 

Icorr, μA -Ecorr, 

mV 

ba, mV dec-

1 

bc, mV 

dec-1 

Inhibition Efficiency 

(%) 

Blank  

- 2000.041 503.410 

 

155.7 

 

177.3 - 

G.globosa leaves 

extract  

100  1650.327 523.259 167.5 191.5 17.42 

900   146.798 566.016 266.1 332.5 92.61 
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Figure 2: Polarization curves of mild steel in 0.5 M H2SO4 

  

 
 

Figure 3: Polarization curve for mild steel in 0.5 M H2SO4 + 100 ppm of G. globosa leaves extract. 

. 

  

 
  

Figure 4: Polarization curve for mild steel in 0.5 M H2SO4 + 900 ppm of G. globosa leaves extract.  

 

AC impedance spectra   

The experimental results obtained from the AC impedance spectra for the corrosion of mild steel in the absence and 

presence of the inhibitor of 100 ppm and 900 ppm are summarized in Table 3. The impedance spectra for the mild steel 

samples in 0.5 M H2SO4 in the absence of G.globosa leaves extract or in the presence of various concentrations of G.globosa 

leaves extract are presented in Figs. 5-7. The Cdl values are decreased and Rt values are increased. It implicates  the 

formation of protective film on the mild steel surface. A considerable increase in the total impedance was observed with 

the addition of G.globosa leaves extract[10].  

 

The inhibition efficiency (IE%) of the extract were calculated using 

 

Inhibition efficiency (%) = (Cdl)0-(Cdl)i/(Cdl)0 × 100 

 

Where, (Cdl)0=Capacitance of double layer in blank, (Cdl)i = Capacitance of double layer in the presence of inhibitor. 
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Table 3: Corrosion parameters obtained from impedance study for mild steel in 0.5 M H2SO4 in the presence and 

absence of Gomphrena globosa leaves extract. 

 

[Inhibitor], 

ppm 

Rt, Ohm, cm 
2 

Cdl, F/cm2 
Inhibition 

Efficiency (%) 

Blank 9.422 0.2868 ----- 

100 18.83 0.2401 16.28 

900 45.05 0.0220 92.30 

 

 

 
 

Figure 5: Impedance diagram for mild steel in 0.5 M H2SO4. 

 

  

 
 

Figure 6: Impedance diagram for mild steel in 0.5 M H2SO4 + 100 ppm of G. globosa leaves extract. 

 

 
 

Figure 7: Impedance diagram for mild steel in 0.5 M H2SO4 + 900 ppm of G. globosa leaves extract. 

 

Table-4 shows the comparison of inhibition efficiency values getting from polarization studies and AC-impedance spectra. 

The obtained results were in good agreement.   
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Table 4: Comparison of inhibition efficiencies measured by polarization and impedance studies for mild steel in 

0.5 M H2SO4. 

 

[Inhibitor], 

ppm 

Inhibition Efficiency (%) 

Polarization 

studies 

Impedance studies 

100 17.42 16.28 

900 92.61 92.30 

 

CONCLUSION 
 

  The inhibition efficiency was increased with the increase of the G.globosa concentrations. Any of the phyto-

chemical constituents present in the leaves extract may be adsorbed on the mild steel surface and create the protective film 

on the mild steel surface. The values of inhibition efficiencies obtained from the electrochemical techniques showed the 

validity of the obtained results. Thus the G.globosa leaves extract was proved to be an effective eco-friendly and low cost 

inhibitor. 
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