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ABSTRACT 
 

The present study investigated the inhibition effect of leaf extract of Tephrosia Purpurea (T. 
purpurea) and Pongamia pinnata (P.pinnata) on mild steel corrosion in 1N HCl solution using 
gravimetric methods with different varying parameters such as inhibitor concentration, immersion 
time and temperature. Characterization of leaf extract of T. purpurea was carried out using UV-
visible spectroscopy (UV-Vis), Fourier-Transform Infrared Spectroscopy (FTIR). From the results, it 
was found that, the inhibition efficiency (I.E in %) increases with increase in concentration of the 
inhibitor molecules and the maximum inhibition efficiency of 93(%) was observed at 300ppm of the 
leaf extract. And, it was found that, the adsorption of inhibitor molecules obey Langmuir, Temkin, 
Freundlich adsorption isotherms. The inhibition is mainly attributed to the adsorption of inhibitor 
molecules on the mild steel electrode surface. Kinetic as well as thermodynamic parameters 
calculated, also confirmed the strong interaction between inhibitor molecules and the electrode 
surface. Scanning Electron Microscope (SEM) experiments also confirmed the presence of inhibitor 
molecules on the mild steel surface. From all these experimental results, it can be concluded that, the 
leaf extract of T.purpurea and P.pinnata acted as a good corrosion inhibitor for mild steel in 1N HCl 
medium. 
 
Key Words: Mild Steel, Tephrosia Purpurea, Inhibition, Langmuir, Gravimetric method, Fourier-Transform 
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INTRODUCTION 

Corrosion is an inevitable natural phenomenon and corrosion chemistry is playing a very vital 
role as corrosion processes or reactions pose significant risk not only from safety point of view, also 
viewed from environmental aspects or impacts and economic point of view. One of the most adopted 
method of combating corrosion is use of corrosion inhibitors, and now-a-days because of 
environmental standpoint, researchers are directed towards the use of “plant derived materials” 
otherwise called “Green Corrosion Inhibitors”. Because of their natural availability, biological origin 
(biodegradability) ease of extraction and eco-friendly nature, these plant extracts are very much opted 
for combating corrosion of metals and alloys in corrosive environment [1]. It is well known that the 
plant extracts possess number of soluble (water or alcohol) phyto-chemical compounds like alkaloids, 
flavonoids, catechins, terpenoids, amino acids, plant proteins and polysaccharides that have no 
adverse effect on the environment [2 – 4].  

 
These phyto-chemicals contain heteroatoms like oxygen, sulfur, nitrogen and phosphorus in 

form of polar functional moieties, aliphatic and aromatic heterocyclic rings that can act as adsorption 
centers [5] and inhibit or reduce the rate of corrosion. The extracts of various parts of the plant such as 
leaves, flowers, seeds, fruits, barks and roots have been reported as corrosion inhibitors in acidic 
media [6-8]. The literature below discussed the recent studies on corrosion inhibition of mild steel in 
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acid media using leaf extract, as leaf extract is the richest part which contain many phyto-chemical 
compounds where their synthesis takes place via photosynthesis.  

 
Leaf extract of Tabernaemont-anadivaricata [9], Phyllanthus amarus [10], Tithonia 

diversifolia [11], Gnetum Africana [12], Petroselinum crispum [13], African Perquetina [14], Emblica 
leaves [15], Cassia tora [16], Nypa fruticans Wurmb [17], Spondias cytherea [18], Bitter leaf 
(Vernonia amygdalina) [19], Pimenta dioica [20] were reported as effective corrosion inhibitors for 
mild steel / iron in HCl and H2SO4 medium. 

 
 In this present work, Tephrosia purpurea (T.purpurea) and Pongamia pinnata (P.pinnata) 
leaves extracts have been studied as corrosion inhibitors for mild steel in acid medium. Tephrosia 
purpurea, belongs to Fabaceae family is generally called as wild indigo in English, whereas in Tamil 
it is called ‘kolingi’. Tephrosia purpurea is a spreading perennial herb found all over India. It is a 
green manure crop and it has high medicinal value. The leaves of Tephrosia purpurea are 
imparipinnate and compound [21]. According to Ayurveda, Tephrosia purpurea plant cures diseases 
of heart, liver, tumours, spleen, blood, leprosy, asthma etc [22]. Similarly, P.pinnata is a legume tree 
in a pea family, fabaceae, found all over India and it is commonly called in different names, viz., 
Indian beech tree (English), Karanj (Hindi) and Pongam tree (Tamil) [23]. The plant has numerous 
medicinal applications and the leaves extract is usually used to treat cough, diarrhea and leprosy. 
Also, the leaves are used as an anti-parasitic agent and even as an insect repellent [24].   
 
 These two plants extracts ie: T.purpurea and P.pinnata possess π- electrons system, larger 
organic molecules with N and O as heteroatom in their structure and aromatic / heterocyclic rings. 
Both plants are tropical and subtropical legume plants belong to the family Fabaceae (Leguminosae), 
can be seen in almost all parts of Tamilnadu. Historically, both P.pinnata and T.purpurea have been 
used since long time in India and neighbouring countries as a traditional medicines, cattle fodder, 
green manure, timber, fuel (bio-diesel – alternate and renewable energy source), extracts of these plants 
possess high medicinal values (anti-inflammatory, analgesic activities and anticancer properties) and cure 
number of diseases [25, 26, 27]. Literature survey depicts only few reports on the corrosion inhibition 
behavior of T.purpurea and P.pinnata for Iron and mild steel corrosion in acid media [28 – 30]. 
The objectives of the present study are:   
(i) To prepare the leaf extract of Tephrosia purpurea and Pongamia pinnata as green inhibitor 

for mild steel in acid media 
(ii) To characterize the leaf extract(s) and corrosion products using UV-Visible, FT-IR, and to 

study the morphology of mild steel surface with and without inhibitor using SEM. 
(iii) To assess the inhibition efficiency of the leaf extracts on the mild steel corrosion in acid 

media by gravimetric methods. 
(iv) To assess the nature of inhibition by fitting the results with different adsorption isotherms, 

calculating the thermodynamic and activation parameters. 
 
 
MATERIALS AND METHODS 
 
Preparation of leaf extract of Tephrosia Purpurea and Pongamia pinnata 
 The leaves of Tephrosia purpurea and Pongamia pinnata were collected, dried in shade for 10 
days, grind to powder (separately), were packed into Soxhlet apparatus. Then the powdered leaves 
(Tephrosia purpurea and Pongamia pinnata) were extracted with methanol at 60˚C, the resulting 
residues were concentrated under reduced pressure using rotary evaporator, so as to get thick extract 
of leaves. The flow chart for the preparation of leaf extract(s) is given below. 

 
Leaves of T.purpurea and P.pinnata were collected 

 
 

Dried & powdered 
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Extracted in soxhlet apparatus using methanol 
 

 
Solvent removed by distillation and concentrated using rotary evaporator 

 
 

Leaf extract(s) of T.purpurea and P.pinnata 
 
 
MATERIALS USED FOR CORROSION STUDIES 
 
Materials and Corrosive medium 

Mild Steel specimens of the composition: Fe = 99.3%, C = 0.13%, with other alloying 
elements such as Ni, Mo, Cr, S, P, Mn, and Si were taken for the present study. These mold steel 
specimens were pickled and rinsed with water, then polished successively with emery papers of grade 
220-1200 grits, washed with distilled water and then degreased with acetone.  

The Analytical Reagent grade hydrochloric acid was used for preparing the acid electrolyte in 
the present study. An aliquot of the acid was exactly diluted using double distilled water for the 
preparation of 1N HCl. For each set of experiment these acid solution was prepared freshly to avoid 
the effect of any contamination 
 
Inhibitor Solutions 

5000 ppm of the leaf extract(s) solutions of T.purpurea and P.pinnata were prepared by using 
methanol. From this stock solution, various concentrations of 50,100,150,200,250,300,350 and 400 
ppm inhibitor were prepared in respective acid media. 
 
Characterization 

The methanol extract of T.purpurea and P.pinnata were characterized by the following 
spectral analysis. The UV spectrum was recorded in the wavelength range of 200 to 800nm using 
“ANTECH – AN-UV-7000 spectrophotometer. The FT-IR spectra of the leaf extracts and the 
corrosion product(s) (ie: inhibitor film) on the mild steel surface in the presence of leaf extract were 
recorded in a Perkin-Elmer (version 10.03.09) spectrophotometer. Mild steel specimen of 5.0×3.0×0.2 
cm dimensions were placed in acid solution with 300 ppm of leaf extract for 5 hours and then dried. 
The film formed on the mild steel surface was scrapped carefully, mixed with KBr was made into 
pellets. Then the samples were subjected to FTIR analysis (range b’ween 400 and 4000 cm-1). 
 
Corrosion Analysis : Weight Loss measurement 

Mild steel specimens of dimensions 5.0 x 3.0 x 0.2 cm were used in the weight loss 
experiments. Before each experiment, the coupons were abraded and polished using emery papers 
(grades 220-1200), washed thoroughly with distilled water, degreased with acetone and finally dried. 
Weight loss measurements were carried on previously weighed mild steel samples which were placed 
in 100 ml of the acid solutions with the various concentrations of leaf extracts ranging from 50-400 
ppm in open beakers at 303, 313, 323 and 333 K maintained in a thermostat water bath. The effect of 
immersion time was carried out for 300ppm of inhibitor concentration at the time interval of 1, 3, 5, 6, 
12 and 24 hours.  

 
The weight loss of each specimen was determined by retrieving the mild steel specimen from 

test solution, washed with distilled water, dried and weighed again. From the initial and final weight 
of the specimens, the difference in weight was calculated. Triplicate experiments were conducted and 
the average weight loss values were calculated.From the weight loss measurements, the corrosion rate 
(CR), inhibition efficiency (%I.E) and surface coverage (θ) were calculated, using the equations (1), 
(2) and (3) respectively. 

Corrosion rate (CR) (mmpy) = 87.6 x W / A D T    (1) 
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Where 
  W is Weight loss in mg 
  D is the density in gm/ cm3 

  A is the area in cm2   
  T is time in hours. 
and, 

Inhibition efficiency (% I.E) = (W2 -W1 / W2) x 100   (2) 
Surface Coverage (θ) = 1 – (W1 / W2)     (3) 

Where,  
W1 and W2 correspond to the weight loss of the mild steel specimens with and without 

inhibitor. 
 
Surface analysis : Scanning Electron Microscopy 
 The surface morphology of the mild steel specimens were performed using Vega 3 Tescan 
model and the elemental composition of the mild steel surface were examined usingBruker Nano 
GMBH model. Mild steel specimens of size 1 cm2 were polished with different grades of emery paper 
(ie., grades 220 to 1200), washed with distilled water, degreased with acetone and dried. The mild 
steel specimens were placed in acid solutions without and with 300 ppm of leaf extract for 5 hours at 
room temperature. Then the specimens were removed, rinsed with distilled water and dried. The dried 
specimens were used for Scanning Electron Microscopy (SEM) analysis. 
 
Evaluation of Activation and Thermodynamic Parameters 
 Activation Parameters such as activation energy (Ea), entropy of activation (ΔS˚) and 
enthalpy of activation (ΔH˚) were evaluated from an Arrhenius equation (4) and the transition state 
equation (5) 

CR = A.exp (-Ea/RT)       (4) 
Taking logarithm of above equation 

Log (CR) = A – (-Ea / 2.303 RT)     (5) 
Ea – apparent activation energy 
A – Arrhenius pre-exponential factor 
R – Gas constant 
T – Temperature 

 
The plot of log CR vs 1/T gave straight lines with slopes of –Ea/2.303R. Another form of Arrhenius 
equation (6) was used to calculate the entropy of activation (ΔS˚) and enthalpy of activation (ΔH˚) 
 CR = (RT/Nh) exp (ΔS˚/R) exp (ΔH˚/R)     (6) 
From the above equation ΔS˚ and ΔH˚can be calculated by plotting log (CR/T vs. 1/T) which give a 
straight line with the slope equal to (ΔH˚/2.303R) and intercept equal to (log (R/Nh) + ΔS˚/2.303R). 
 
Adsorption Parameters: 
 The adsorption isotherms gave a better idea about the fundamental information on the 
interaction between the inhibitor molecules and the mild steel surface. The surface coverage (θ) 
values can be calculated using the equation (7)  
   Surface coverage (θ) = (I.E % / 100)   (7) 
From the surface coverage (θ) values Langmuir (8) and Temkin (9), Freundlich (10) and Flory-
Huggins (11) isotherm were tested by plotting (θ) vs. Inhibitor concentration.  

Langmuir isotherm  : θ / (1-θ) = Kads.C   (8) 
Temkin isotherm   : log (θ /C) = log Kads – g θ  (9)  
Freundlich isotherm             : log θ= log Kads+ nlogCR                  (10) 
Flory-Huggins isotherm       : log (θ /CR) = b log(1-θ) +  logKads (11) 

where, 
 C    = concentration of inhibitor 
 Kads = equilibrium constant for adsorption – desorption process 
 θ     = surface coverage  
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 g    = adsorbate interaction parameter 
 CR = Corrosion rate 
 α = interaction coefficient, it is positive for attraction and negative for repulsion; its zero 
value indicates no interaction between the adsorbate species in which case the Frumkin equation 
coincides with Langmuir isotherm [31]. 

The free energy of adsorption ΔG°ads explained the interaction of adsorbed molecules and 
metal surface; it was calculated using the equation (13).  

ΔG° ads = - RTln (55.5 x Kads)       (13)  
Where,  

K - is the adsorption equilibrium constant,  
R - is the gas constant (8.314J/K/mol),  
T - is the absolute temperature in kelvin and  
the value 55.5 is the concentration of water in solution expressed in mol/L. 
The free energy of adsorption is related to the equilibrium constant of adsorption using the 

following expression,  
Kads = 1/55.5 exp (ΔG°ads)/RT      (14)  

 
 
RESULTS AND DISCUSSION 
 
Characterization of Leaf Extract 
UV Analysis of leaf extract of T.purpurea and P.pinnata 
The UV spectrum was recorded in the wavelength range of 200 to 800nm using “ANTECH – AN-
UV-7000 spectrophotometer. Figure.1 represents the UV spectrum of leaf extract of T.purpurea and 
P.pinnata. From the figure it is noticed that T.purpurea exhibited λmax at 238, 315nm characteristics of 
flavonoid glycoside; similar peaks were observed for leaf extract of P.pinnata [32, 33]. 
 

 
Figure.1 UV spectrum of leaf extract of T.purpurea and P.pinnata 

 
FTIR analysis 

FTIR analysis was carried out to identify the functional groups present in the leaf extract of 
T.purpurea and P.pinnata, the corrosion products obtained when mild steel is treated with 1N HCl 
with leaf extracts and the prominent peaks are shown in Table (1) [34-39]. From the table and figure, 
it is noticed that there is a shift in spectral values with respect to leaf extract, which confirms the 
interaction of inhibitor molecules with mild steel surface in acid media which resulted in inhibition. 
Figure. (2) (a, b) shows FTIR spectrum of leaf extract, mild steel in 1N HCl with T.purpurea, (c, d) 
leaf extract of P.pinnata and corrosion product of mild steel with P.pinnata in 1N HCl respectively. 
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Figure. (2) FTIR Spectra of (b) Leaf extract of T.purpurea (d) Leaf extract of P.pinnata 

   (a) corrosion product of mild steel with T.purpurea and (c) P.pinnata in 1N HCl 
 

Table.1 Prominent peaks of FTIR spectra of Leaf extracts and  
corrosion product of mild steel in 1N HCl with leaf extracts 

 
Weight loss measurements  
 
Effect of Inhibitor Concentration  
 

The weight loss data of mild steel in 1N HCl without and with various concentrations of leaf 
extract of T.purpurea ranging from 50 to 400 ppm at 303K were presented in Table.2. From table, it is 
informed that the corrosion rate for mild steel in 1N HCl solution with both leaf extracts were found 
to decrease with increase of inhibitor concentration, besides the inhibition efficiency increased 

Frequency (cm−1) 
Band assignment Leaf extract of 

T.purpurea 
Mild steel in 1N HCl with 

T.purpurea 
3372 3400 amine (N–H stretching) 

2924 and 2853 2925 and 2842 C–H and O–H stretching (-COOH / -OH 
gp) 

1740 associated  
with 1630 1738, 1630 C=O (conjugated carbonyl - phenyl group) 

and N – H characteristic of amides 

1451, 1385,1272 1392 C–H (bending – gem dimethyl) and –C–N 
(stretching – aromatic). 

1064 1045 –C–O (alkoxy) functional group 
Leaf extract of 

P.pinnata 
Mild steel in 1N HCl with P.pinnata  

3384 3428 O–H, N–H stretching 
2927 2925 C–H stretching 
1630 1628 C=O, C=C stretching (aromatic) 
1386 1401 C–H bending(CH3-) 

1115, 1074 1137 C–O, C–N stretching 
1046 1017 C–O, C–N stretching 
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progressively. The maximum inhibition efficiency of 92.4% and 91.4% was achieved at 300 ppm of 
the leaf extracts of T.purpurea and P.pinnata for 1 hour immersion time at room temperature. Beyond 
the 300ppm, there is not much changes in inhibition efficiency, that indicates the attainment of 
limiting value. The increase in inhibition efficiency with the increase in inhibitor concentration is 
mainly due to the adsorption of the leaves extract molecules on the mild steel surface [40]. 

 

Table.2 Gravimetric data of mild steel in 1N HCl with leaf extract of 
Tephrosia purpurea and Pongamia pinnata at room temperature 

Inhibitor 
Conc.  
(ppm) 

Mild steel in 1N HCl with T.  purpurea Mild steel in 1N HCl with P. pinnata 

Weight loss 
(gm) 

Corrosion Rate 
(mmpy) 

Inhibition 
efficiency (%) 

Weight loss 
(gm) 

Corrosion 
Rate (mmpy) 

Inhibition 
Efficiency 

(%) 
Blank 0.0983 365.18 - 0.0983 365.18 -- 

50 0.0531 197.27 46.0 0.0578 214.73 41.2 
100 0.0385 143.03 60.8 0.0347 128.91 64.7 
150 0.0285 105.88 71.0 0.0298 110.71 69.7 
200 0.0202 75.04 79.5 0.0207 76.90 78.9 
250 0.0103 38.26 89.6 0.0138 51.27 86.0 
300 0.0075 27.86 92.4 0.0085 31.58 91.4 

 
Effect of Immersion Time 
 

It is also noticed that there is a gradual decrease in inhibition efficiency with increase of 
immersion time and the results are given in Table.3. Figure.3 shows the decrease in inhibition 
efficiency with immersion time, the I.E (%) decreases from 92.5% (for 1hr) to 81.6% for T.purpurea 
and 91.4% to 78.7 % for P.pinnata. This observation inference that, increase of immersion time leads 
to desorption of inhibitor molecules from the mild steel surface. Though there is a decrement in 
inhibition efficiency with time, T.purpurea and P.pinnata exhibit reasonable inhibition behaviour 
with increase of immersion time ie: 81.6% and 78.7% respectively (for 24hrs)  

 
Table.3. Effect of immersion time on corrosion inhibition efficiency of mild steel corrosion 

in1N HCl with an optimum concentration of leaf extract of T.purpurea and P.pinnata at 303 K. 
Inhibitor 

Conc. (ppm) 
300ppm 

Time (hrs) 
Inhibition Efficiency (%) 

1 3 5 6 12 24 

T.purpurea 92.5 91.5 90.8 89.9 85.9 81.6 
P.pinnata 91.4 89.8 86.9 85.8 82.3 78.7 

 

 
Figure 3. Effect of immersion time on corrosion of mild steel in 1N HCl with 

leaf extract of T.purpurea and P.pinnata at 303K  
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Effect of Temperature  
 

Though the inhibition efficiency increased with increase in the inhibitor (extract) 
concentrations at 303 K, but it is found to decrease with increase of temperature. Table.4 shows the 
influence of temperature on mild steel corrosion in 1N HCl for 5 hours immersion time. From the 
table, it is clear that the rate of metal dissolution increases with increase of temperature from 303K to 
333K and simultaneously the inhibition efficiency is decreased gradually from 90.8% to 81.5% and 
86.9% to 76.2%. , which shows even at higher temperature the leaves extracts effectively retards the 
mild steel dissolution  

 
Table.4. Effect of temperature at optimum concentration of  

Leaves extracts on mild steel corrosion in 1N HCl  

1N HCl Inhibitor(s) 
Concentration 

Corrosion 
Parameters 

Temperature (K) 

303 313 323 333 

T.purpurea 

Blank Corrosion Rate 
(mmpy) 

317.6 499.5 732.9 1008.9 

300ppm 29.3 61.2 109.5 186.3 

Inhibition Efficiency (%) 90.8 87.7 85.1 81.5 

P.pinnata 

Blank Corrosion Rate 
(mmpy) 

317.6 499.5 732.9 1008.9 

300ppm 41.8 82.0 150.4 240.4 

Inhibition Efficiency (%) 86.9 83.6 79.5 76.2 

 
Decreased inhibition efficiency with increase in temperature is credited to increased mobility 

of T.purpurea leaf extract molecules which in turn decrease the interaction between the metal surface 
and the inhibitor molecules. The general rule of chemical reaction is that, the rate of chemical reaction 
increases with increase of temperature, so this temperature increase leads to faster etching as well as  
desorption of adsorbed T.purpurea extract molecules from mild steel surface [41- 43]. 

 
To explain the nature of inhibition more clearly, kinetic and thermodynamic parameters are 

calculated and given in Table.5. From the table it is observed that, the ΔG°ads values ranges from -
23.04 to -25.21 KJ/mol for T.purpurea and -22.55 to -24.87 KJ/mol for P.pinnata. The negative values 
of ΔG°ads show the spontaneity of adsorption process as well as stability of the adsorbed film on mild 
steel surface. 

Table.5. Adsorption parameters for mild steel corrosion in 
1N HCl with different concentrations of T.purpurea and P.pinnata leaf extract 

Inhibitor 
Conc. (ppm) 

∆G° (KJ/mol) Kads (g/l) ∆G° (KJ/mol) Kads (g/l) 

T.purpurea P.pinnata 

Blank -- -- -- -- 

50 -23.0385 5.0372 -22.5482 4.9426 

100 -22.8074 5.0455 -23.2245 5.2110 

150 -22.9331 5.0954 -22.7734 5.0320 

200 -23.3587 5.2643 -23.2810 5.2335 

250 -24.7942 5.8341 -23.9550 5.5010 

300 -25.2131 6.0003 -24.8699 5.8641 
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The negative values of ΔG°ads, also supports that, adsorption might be due to electrostatic 
interactions (physisorption) between the charged metal surface and the inhibitor molecules. The 
earlier literature revealed that, negative values of ΔG°adsaround -20 kJ/ mol or less are owing to 
physical adsorption (i.e. the electrostatic interaction between charged metal surface and the inhibitor 
molecules), while those around -40 kJ/mol or higher are due to chemical adsorption (i.e. charge 
sharing from organic molecules to metal surface to form co-ordinate type of bond [44, 45]. Therefore 
the negative values of ΔG°ads in this present work point that, the adsorption of leaves extract(s) 
molecules on mild steel in 1N HCl is mainly owed to electrostatic-adsorption or physisorption. 

 
Table.6. Activation and thermodynamic parameters for mild steel corrosion in 
1N HCl with different concentrations of T.purpurea and P.pinnata leaf extract 

Inhibitor 
Conc. 
(ppm) 

Ea 
(KJ/mol) 

∆H° 
(KJ/mol) 

∆S° 
(KJ/mol) Ea (KJ/mol) ∆H° 

(KJ/mol) 
∆S° 

(KJ/mol) 
T.purpurea P.pinnata 

Blank 22.6005 54.6888 -15.5313 22.6005 52.0485 -23.6625 

50 24.7302 56.9531 -13.1793 23.1446 53.3016 -23.9425 

100 23.2949 53.6479 -26.7620 24.7244 56.9398 -16.1777 

150 25.3359 58.3482 -18.7496 25.2663 58.1880 -13.3242 

200 25.3282 58.3303 -15.9566 25.9466 59.7545 -11.1839 

250 29.2455 67.3520 -12.5038 26.8687 61.8781 -7.5470 

300 33.4895 75.5198 -10.9216 31.1847 71.8178 -2.2290 
 

To support the above explanation, ∆H°and ∆S°are taken in to consideration. From Table 6, it is 
demonstrated that the value of are higher in the presence of the inhibitor molecuels than mild steel 
immersed in 1N HCl alone,  suggesting the dissolution of mild steel is slow in the presence of the 
extract. Also, the level of increase in activation energy is proportional to the inhibitor concentration, 
indicating that the energy barrier for the corrosion reaction increases with increase of leaf extract(s) 
concentration [46].  

 
Figure.4 Arrhenius plot of log CR vs. 1 / T for mild steel in1 N HCl with different 

conc. of leaf extract of T.purpurea 
The entropy of activation ∆S, are negative, this explains that the activated complex favours 

corrosion inhibition i.e: disorderliness decreases during the formation metal – inhibitor complex on 
the mild steel surface [47]. The negative values of entropy is indicative of less disorderliness, which 
may be due to the formation of metal – leaf extract complex formation on mild steel surface. The 
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positive values of ∆H°revealthe endothermicnature of metal dissolution reaction, the regular increment 
of ∆H° values in the presence of leaf extract reflects the inhibitive nature of leaf extract, ie: the leaf 
extract slows down the metal dissolution reaction [48, 49]. 

 
Figure.4 shows Arrhenius plot for mild steel in 1 N HCl with different conc. of leaf extract of 

T.purpurea and P.pinnata, a straight line is obtained by plotting log CR (from weight loss 
measurement) vs. 1/T. The activation parameters (Ea) are given in Table.6, from the table it can be 
seen that Ea values are higher in the presence of the inhibitor molecuels than mild steel in 1N HCl 
alone. The increase in values of Ea in the presence of inhibitor might be due to the uniform adsorption 
of inhibitor species on the metal surface which resulted in lowering of corrosion rates [46]. In 
addition, the th reshold Ea value of 80 KJ/mol is required for chemical adsorption and in the present 
study the Ea value ranges from 22.60 (blank) to 33.48 (300ppm) KJ/mol, which suggested the strong 
physical adsorption of inhibitor molecules on the mild steel electrode surface [50].  

 

Fig.5 Adsorption plots (a) Langmuir (b) Temkin (c) Freundlich and (d) Flory-Huggins isotherm for 
mild steel in 1N HCl with different concentrations of leaf extract of T.purpurea and P.Pinnata  

 
The fundamental information on the interaction between mild steel and inhibitor molecules 

(leaf extract) can be well explained by adsorption isotherms. Various isotherms such as Langmuir, 
Temkin and Freundlich, Frumkim isotherm, Flory-Huggins isotherm  are attempted, and the best fit 
was obtained with Langmiur adsorption isotherm. In Langmuir adsorption isotherm – a  plot of log C 
vs. log (θ/1-θ) gave a straight line with the linear regression coefficient (R2) value closer to 1. And 
this adsorption isotherm supported that the inhibition behavior of leaf extract of T.purpurea is mainly 
due to the adsorption process [51]. Fig.5 shows the different adsorption isotherms of leaf extract of 
T.purpurea and P.pinnata on the surface of mild steel. The adsorption equilibrium constants, Kads are 
positive, indicating the feasibility of the adsorption of the inhibitor to the metal surface. The 
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adsorption equilibrium constant increases with increase of inhibitor concentration, the higher values 
and steady increases of Kads also suggests more efficient adsorption, leads to better inhibition [52]. 
 
Surface Analysis - SEM Analysis 
  

The surface morphology of the mild steel specimen has been assessed by scanning electron 
microscope in order to observe the changes occurred in corrosion process without and with leaf 
extract [53, 54, 55].The morphologyof polished mild steel specimen, mild steel specimen after 
immersion in 1N HCl and mild steel immersed in 1N HCl with 300 ppm of leaves extracts extract 
were examined under Scanning Electron microscope are exhibited in Figures.6 (a, b, c, d) 
respectively. Figure.6(a) indicates the characteristics of polished surface of mild Steel with scratch 
lines occurred during polishing.Figure.6 (b) shows mild steel treated with 1N HCl, it indicates rough 
surface of mild steel due to the aggressiveness of acid. From, Figure.6(c) it can be seen that the 
formation of thin layer of adsorbed T.purpurea extract molecules on the mild steel surface exposed to 
1N HCl containing 300 ppm of T.purpurea extract, Figure.6 (d) reveals the SEM images of mild steel 
in 1N HCl with 300 ppm of P.pinnata extract, the figure 6 (c & d) show comparatively smooth 
surface and formation of film on the mild steel surface.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 6 SEM images of (a) Polished Mild Steel surface (b) Mild Steel immersed in 1N HCl 

(c) Mild Steel in 1N HCl with 300ppm T.purpurea (d) Mild Steel in 1N HCl with 300ppm P.pinnata 
 
So, from these figures it is clear that the both leaf extracts effectively forms a protective layer 

on mild steel and protect it from further corrosion i.e: adsorption of extract constituents on the mild 
steel surface prevents the metal from corrosive attack. 
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Mechanism of corrosion inhibition and comparative analysis 
 
 The general criteria of organic corrosion inhibitors are their ability to adsorb on the metal 
surface and impede either anodic or cathodic or both at metal – solution interface. The list exhibits the 
different kinds of adsorption of organic inhibitors  

(i) Electrostatic or Vander Waals type adsorption 
(ii) Chemisorption or “pi” electron adsorption 

   
The corrosion inhibition and adsorption behavior of Tephrosia purpurea and Pongamia pinnata in 1N 
HCl has been investigated using mass loss (at room temperature and at high temperature) and surface 
morphological methods. From the results it is observed that the inhibition efficiency of T.purpurea 
and P.pinnata were found to increase with increase of inhibitor concentration at room temperature. It 
is well known that when mild steel is immersed in acid medium it undergoes the following anodic and 
cathodic reactions [56]. 
The anodic metal dissolution reaction is given as 
   Fe + Inhn-   (Fe-Inh-)ads 

   (Fe-Inh-)ads   (Fe-Inh-)ads  + ne- 

   (Fe-Inh-)ads   (Fe-Inh-)ads  + ne- 

   (Fe-Inh-)ads   (Fe2+)ads + Inhn- 

The mechanism of cathodic reaction is represented as  
  Fe + H+    (FeH+ )ads 
  (FeH+ )ads + ne-   (FeH)ads 

  (FeH)ads+ H+ + ne-  Fe + H2 
 
From the gravimetric analysis / results, it is noticed that, the corrosion rate values decreases with 
increase of inhibitor concentration and T.purpurea exhibited a bit superior performance than 
P.pinnata. The inhibition behaviour of both of the leaves extract on mild steel surface was confirmed 
by surface morphological method such as SEM. And, it is found that, with increase of temperature the 
inhibition efficiency started decreasing, but reasonable inhibition efficiency is noticed at elevated 
temperatures.  
  
To explain the mechanism more clearly, it is essential to find out adsorption modes of inhibiting 
species ie: whether ionic or molecular. The predominant mode may depend on factors such as 
composition of plant (leaf) extract and nature or type of acid. In the case of plant extract as corrosion 
inhibitor, it composed of several phytochemical components desirable for efficient corrosion 
inhibitionthere UV and FT-IR analysis showed the presence of organic functional groups with oxygen 
and nitrogen atoms in their structures, which meet the general criteria of typical organic corrosion 
inhibitors.  So, in this present study, the better performance is due to the derivatives of leaf extract of 
T.purpurea and P.pinnata. In addition, thermodynamic and kinetic parameters also confirmed the 
results obtained from gravimetric studies.  

 
Thermodynamic parameters such as ∆G°, Ea, ∆H° and ∆S° are taken in to consideration. The 

negatives values of ∆G° values for both the leaf extracts (ranges from -20.64 to -25.21 KJ mol-1) 
indicates the spontaneity of adsorption process, also ∆G° results supported initiation of electrostatic 
interactions (predominate) between charged inhibitor molecules and the charged metal surface when 
mild steel is immersed in HCl [44, 45]. Similarly, Eavalues are higher in the presence of leaf 
extract(s) (inhibitors)than in 1N HCl (ie: blank solution), which might be due to the uniform physical 
barrier on mild steel  surface which resulted in decrease of corrosion rates. Threshold Ea value of 80 
KJ/mol is required for chemical adsorption and in the present study the Ea value ranges from 20.18 to 
33.48 KJ/mol, which aid physical adsorption process [46, 50]. The positive and negative values of 
∆H°and ∆S°revealed the endothermicnature and less disorderliness / feasibility of metal dissolution 
reaction, which may be due to the formation of uniform and adherent metal – leaf extract complex 
formation on mild steel surface [47–49].  
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And, it is known that, the negatively charged surface (Cl- ions) favours the adsorption of 
cations, while positively charged surface favours anion adsorption. The organic compounds present in 
leaves extracts might be protonated in acid media and the mild steel (corroding) specimen in acid 
media carries a positive surface charge [57] which results in poor adsorption of protonated species of 
leaf extract.  

 
On the other hand, among the studied acids, the chloride ion (Cl-) in HCl exhibited strong 

adsorption on mild steel surface, hence assists physical adsorption of leaf extract compounds, which is 
a key idea of inhibition mechanism. The initial stage of adsorption is by anions such as Cl- of HCl 
followed by adsorption of protonated inhibitor molecules on the negatively charged surface through 
electrostatic interactions. Also, it was found that the inhibition efficiency of both leaf extract in 1N 
HCl is greater, which mean that the adsorption of inhibitor molecules could also be influenced by the 
nature of anions in acidic solutions, i.e: Cl- ions have stronger adsorption tendency towards mild steel 
than do other anions [58] and the adsorption of protonated inhibitor molecules on the negatively 
charged surface through electrostatic interactions may be the reason for pronounced inhibitive effect 
in HCl solution. 
  
Also, the  phytochemical compounds of the studied leaf extract(s) may get adsorbed on the mild steel 
electrode surfacevia donor-acceptor interactions of π – electrons of aromatic / heterocyclic 
components and vacant d-orbital of steel (iron) surface and it is represent in figure. So, the initial 
stage of inhibition may be due fastphysical adsorption of leaf extract ie : T.purpurea or P.pinnata on 
the metal surface [59], followed by slow chemisorption process due to charge sharing from inhibitor 
molecules to the metal surface, leading to co-ordinate type bond formation, thus protecting the mild 
steel surface from further corrosion. Figure.7 exhibited the possibility of inhibition performance of 
leaves extract molecules 

 
Figure 7 Proposed mechanism of inhibition by phytochemical 

constituents of leaf extract of T.purpurea and P.pinnata 
Thus, Tephrosia purpurea and Pongamia pinnata leaf extracts acted as an effective corrosion inhibitor 
for the mild steel corrosion in 1N HCl acid and shows the maximum inhibition efficiency of ~93% at 
300 ppm inhibitor concentration. 
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CONCLUSIONS 
 
The inhibition of corrosion of mild steel by Tephrosia purpurea and Pongamiapinnatain different 
acid media has been studied by mass loss method and surface analytical techniques like FTIR, SEM 
methods and the mechanism of inhibition by the plant (leaf) extracts have been found. The following 
points elucidates the conclusions: From mass loss studies, it is observed that both the inhibitors ie: 
T.purpurea and P.pinnata effectively retards metal dissolution reaction and the exhibit the maximum 
inhibition efficiency of 92.5% and 91.4% respectively. And, with increase of immersion time from 
1hr to 24hrs and increase of temperature from 303K to 333K at an optimal concentration, there is a 
decrement in inhibition efficiency.  At the same time both leaf extracts exhibit reasonable inhibition 
efficiency with variation of immersion time and at elevated temperature. The maximum I.E at 24 hrs 
is 81.6% and 78.7% and at 333K is 81.5% and 76.2% respectively. The optimal concentration 
observed is 300ppm, above which there is a slight decrease in inhibition efficiency has been observed. 
 The activation energy (Ea) values and ΔGads values supported the spontaneous adsorption of 
the phytochemical constituents of leaf extract on the mild steel surface and physisorption mechanism. 
The adsorption of both T.purpurea and P.pinnataleaf extract(s) are found to obey Langmuir 
adsorption isotherm. 
 SEM images for mild steel in presence of T.purpureaand P.pinnatain 1N HCl showed the 
film formation on the mild steel surface. 
 The order of inhibition is found to be T.purpurea = P.pinnata (ie: both the inhibitors 
performed equally good in inhibiting mild steel corrosion offered a maximum inhibition of ~93% at 
300ppm concentration. 
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