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ABSTRACT

		  Steel corrosion inhibition in acidic and alkaline medium by ethanolic extract of Milletia 
pinnata is described in this study. The inhibitive behavior of the inhibitor is evaluated by weight loss 
measurements, adsorption isotherms, and thermochemical parameters. The inhibitor exhibited a 
maximum of 87% and 90.5% inhibition efficiency against steel corrosion in 0.5 M NaOH and 1.0 
M H2SO4, respectively. The weight loss linearly fit to Langmuir adsorption isotherm with correlation 
coefficient value close to unity. The thermochemical parameters indicated for predominant physical 
adsorption of the inhibitor molecules on the steel surface.
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INTRODUCTION

	 Steel is a very useful construction material. 
Steel is used for making different structures for 
industries, articles, vessels, and many more items 
that are useful in day-to-day life. Corrosion of steel 
is a very common natural phenomenon. In fact 
corrosion is a spontaneous process but controllable 
by employing suitable preventive measures. 
Application of inhibitors to control the corrosion is 
one of the widely accepted and efficient strategies. 
Initially inorganic inhibitors, for instance, chromate 
inhibitors were popular for inhibition of corrosion. 
However, later findings indicated that chromate 
inhibitors are harmful to humans as well as the 
benign environment1, 2. Therefore there was an urge 
to find suitable and efficient alternative to chromate 
inhibitors. 

	 Inhibitors derived from plant sources 
which are known as green inhibitors are viable 
alternative for the chromate inhibitors. Economy, 
ease of preparation, plentiful availability is the key 
for preference of these inhibitors. Further, several 
studies demonstrated that the green inhibitors are 
excellent against inhibition of corrosion1-12. In this 
view, the ethanolic extract of Milletia pinnata (MP) is 
examined as an inhibitor against steel corrosion in 
both acidic and alkaline medium. MP is a tree widely 
available in tropical regions such as India, Malaysia, 
and China13. It is well known for biodiesel production 
and nitrogen fixation in soil.

EXPERIMENTAL

Inhibitor Preparation
	 At first the fresh leaves of MP were 
collected from Nagapattinam area and dried under 
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shadow for 7 days. Then the dried leaves were 
crushed in to powder. 150 g of MP powder was 
soaked in 95% ethanol for 3 days. The solvent was 
evaporated under vacuo to obtain green colored oily 
precipitate (MPE) (5 g). The MPE was re-dissolved in 
95% ethanol to prepare inhibitor solutions of desired 
concentrations.

Weight Loss Measurements
	 The steel specimen used for building 
conventional boats was obtained from a local 
supplier in Nagapattinam. The specimens were 
polished using different grades of emery papers 

and subsequently washed with water, acetone, and 
then dried at room temperature. The specimens were 
kept in desiccator until further use. The solutions 
containing MPE concentrations of 0.1, 0.2, 0.3, 
0.4, 0.5 ppm were prepared. The steel surface was 
subjected to 10 coating of MPE each separately 
by keeping the total concentration of MPE on the 
steel surface at 1, 2, 3, 4, 5 ppm. The coated steel 
specimens were tested for corrosion resistance in 
0.5 M NaOH and 1.0 M H2SO4 each separately. The 
inhibition efficiency (IE%) and the surface coverage 
(θ) were calculated using the following equations (1) 
and (2). 

 			 
			   ...(1)                

θ = ΙΕ%/100	 ...(2)  

	 Where, W0 and W– weight difference 
(g) before and after weight loss measurements, 
respectively.

	 The data obtained from weight loss 
measurements were used to plot different adsorption 

Fig. 1: Steel corrosion inhibition behavior of MP in 1.0 M H2SO4. (a) inhibitor concentration vs 
inhibition efficiency (IE%), (b) Langmuir, (c) Frumkin, and (d) Temkin adsorption isotherm.

(a) (b)

(c) (d)

Table 1: Corrosion parameters for inhibition of 
steel corrosion in 0.5 M NaOH

C	 Surface	 I E%	K ads	 DGads

(ppm)	 Coverage	 (kJ/g)	 (kJ/g)

1	 0.5	 50	 100	 -21.5
2	 0.55	 55	 61.1	 -20.3
3	 0.68	 68	 70.8	 -20.6
4	 0.79	 79	 94	 -21.4
5	 0.87	 87	 133.8	 -22.2
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isotherms such as Langmuir, Temkin, and Frumkin 
adsorption isotherms. In addition thermochemical 
parameters such as Kads and ∆Gads (kJ/g).

RESULTS AND DISCUSSION

	 The steel specimen coated with MPE 
was tested in 0.5 M NaOH and 1.0 M H2SO4 each 
separately for 2 h at 298 K. The concentration of 
MPE was varied from 1 to 5 ppm. The corrosion 
parameters such as IE%, θ, Kads and ∆Gads (kJ/g) 
were shown in Table 1 and 2. For both alkaline and 

acidic solutions, linear relationship between the 
inhibitor concentration and the IE% was observed 
(Figure 1a and 2a). A maximum of 87% and 90.5% of 
IE% was observed for the steel in 0.5 M NaOH and 
1.0 MH2SO4 solutions using 5 ppm MPE at 298 K. 
This increase in IE% is explained based on surface 
coverage of steel specimen by inhibitor molecules. 
In fact, at lower concentrations, the IE% is too low. 
This may be attributed to the insufficient coverage 
of specimen by the MPE molecules. It is interesting 
to note that there was no significant increase in the 
IE% beyond 500 ppm of MPE concentration. This 
phenomenon can be explained by the saturation of 
surface coverage by the MPE molecules.

	 Adsorption of inhibitor on the steel surface 
may be due to physical or chemical interaction or 
both. In order to derive the inhibition mechanism, the 
weight loss data were subjected to fitting to different 
adsorption isotherms. The Langmuir, Temkin, and 
Frumkin adsorption isotherms were shown in Figures 
1b-d for inhibition in 0.5 M NaOH and Figures 
2b-d for inhibition in 1.0 M H2SO4. Obviously, the 
correlation co-efficient (R2) values for Temkin and 

(a) (b)

(c) (d)
Fig. 2: Steel corrosion inhibition behavior of MP in 0.5 M NaOH. (a) inhibitor concentration vs 

inhibition efficiency (IE%), (b) Langmuir, (c) Frumkin, and (d) Temkin adsorption isotherm.

Table 2: Corrosion parameters for inhibition of 
steel corrosion in 1.0 M H2SO4

C	 Surface	 I E%	K ads	 DGads

(ppm)	 Coverage	 (kJ/g)	 (kJ/g)

1	 0.695	 69.5	 227.6	 -23.6
2	 0.747	 74.7	 147.9	 -22.5
3	 0.821	 82.1	 152.9	 -22.6
4	 0.853	 85.3	 144.6	 -22.4
5	 0.905	 90.5	 191.1	 -23.1
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Frumkin isotherms were too low from unity. However, 
R2 values for Langmuir adsorption isotherms were 
close to unity viz 0.995 for inhibition in 0.5 M NaOH 
and 0.954 for inhibition in 1.0 M H2SO4.

	 The Langmuir adsorption isotherm can 
be explained based on the relationship between 
θ and the C, inhibitor concentration, as shown in  
equation (3).

	 The value of the Kads for adsorption process 
and the free energy of adsorption were determined 
by equations (3) and (4), respectively, and the values 
are given in Table 1 and Table 2.

C
Kads

C
+=

1
θ 	 ...(3)

∆Gads=-RT ln (55.5Kads)	 ...(4)

	 where Kads is the equilibrium constant 
of adsorption process, R is the gas constant, T 
is the temperature, and the value of 55.5 is the 
concentration of water in the inhibitor solution.

	 The calculated ∆Gads were ranging from 
-22.4 to -23.6 (kJ/g). The results suggested for 
electrostatic interaction between the inhibitor 
molecules and the steel surface at all the tested 

concentration14-18. From the above discussion it is 
obvious that the adsorption of inhibitor molecules 
proceeds predominantly via physical adsorption 
mechanism.

CONCLUSION

	 In this study, the ethanolic extract of 
leaves of Milletia Pinnata was investigated against 
corrosion of steel in 0.5 M NaOH and 1.0 M H2SO4. 
The inhibitive nature of the inhibitor was evaluated 
by weight loss measurements and adsorption 
isotherms. The weight loss measurements indicated 
that increase in inhibitor concentration increases the 
efficacy of the inhibitor irrespective of the corrosive 
medium. Further, the inhibitor exhibited an steel 
corrosion inhibition efficiency of 87.0% and 90.5% 
in 0.5 M NaOH and 1.0 M H2SO4, respectively. The 
weight loss data obeyed the Langmuir adsorption 
isotherm. The thermochemical parameters such as 
Kads and ∆Gads indicated that the inhibition proceeds 
predominantly via physical adsorption.
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