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Abstract:  

The corrosion inhibition effect of acid extract of the Heliotropium Indicum on mild steel in hydrochloric acid medium is 

studied. Using weight loss data, corrosion rate (CR) and thermodynamic parameter such as energy of activation for 

corrosion of mild steel (Ea), change in free energy (ΔG) and heat of adsorption (Q) are calculated. Adsortption isotherm 

is also recorded between C and C/Ѳ. Inhibition efficiency of extract has also been studied in the presence of KI with 

inhibitors. The results reveal that the alcoholic extract of Heliotropium Indicum is a better corrosion inhibitor than that of 

toxic chemicals.  
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Introduction: 

The present work is focused to find out an alternative green corrosion inhibitor for mild steel in acid medium. 

Mild steel, the most commonly used metal; usually it is selected for many mechanical and engineering 

purposes due to its properties such as strength, ease of fabrication and cost. But the main disadvantage with its 

use is that it undergoes rapid corrosion in acidic medium
1
.  

To reduce the corrosion in these environment inhibitors are to be used. Inhibitors are chemicals that often 

work by adsorbing themselves on the metallic surfaces, protecting the metal surface by forming a film
2
. 

Naturally occurring substances as inhibitors of acid cleaning process has continued to receive attention as 

replacement for synthetic organic inhibitors because plant extracts serve as incredibly rich sources of naturally 

synthesized chemical compounds that are environmentally acceptable, inexpensive, readily available and 

renewable sources of materials and can be extracted by simple procedure.  

Numerous naturally occurring products such as Cordia dichotoma
1
, Camellia sinenesis

4
, Strychnos nux-

vomica
5
, Musa species peel

6
, Piper guinensis

7 
have been evaluated as potential corrosion inhibitor for mild 

steel. The present paper continues to focus on the broadening application of the extract of Heliotropium 

Indicum as probable acid corrosion inhibitor for HCl for mild steel. 

Heliotropium indicum (family : Boraginaceae) is an annual hirsute plant that is a common weed in waste 

places and settled areas, found in tropical and non tropical countries. The genus, Heliotropium indicum was 

derived from helios (Sun) and trope (turn), that is its flowers turn towards the sun. it bears different names, 

such as cock’s comb(gambia), Indian heliotrope, hurb a versues (France), karkashen – koorama (Hausas-

Nigeria), ogbe akuko or agogo igun(Vorubas-Nigeria). Its chemical components include pyrrolizidine 

alkaloids, tannins and saponins
8
. Its alkaloid components confers on it anti inflammatory, wound healing, 

antiseptic/ antimicrobial, febrifuge, secretagogue stimulation(of gall bladder functions) and menstruation 

activator properties. The pounded leaves are used as poultice
9
. The plant has been shown to contain 

tumorigenic pyrrolizidine alkaloides
10

 namely helindicine (1) and lycopsamine (2).  

The compound contains multifunctional groups and they are strongly adsorbed on the metal surface. In the 

case of plant extract of Heliotropium indicum, the alkaloids may be responsible for adsorption. This process 

may block the active site on metal surface, hence decreasing the rate of corrosion. Due to the higher electron 

density on the N atom of the alkaloid acts as the reaction center, resulting in formation of a monolayer on the 

metal surface. This situation leads to protection of metal surface of the attack of the aggressive acid solution. 

The resulting adsorbed film acts as a barrier that separates the metal from the corrodent and efficiency of 

inhibition depends on the mechanical, structural and chemical characteristics of the adsorption layers formed 

under particular conditions
11

. 
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EXPERIMENTAL: 

 Specimen preparation: -     Rectangular specimens of mild steel of dimension 2.55×1.50×0.03 Cm
3 
 

with a small hole of about 2mm diameter near the upper edge were employed for mass loss measurements. 

Specimens were cleaned by buffing to produce a mirror finish with the help of emery paper and were then 

degreased with acetone. Each specimen was suspended by a glass hook and immersed in a beaker containing 

50ml of test solution at room temperature and left exposed to air. The tests were performed in duplicate to 

guarantee the reliability of the results and the mean values of the weight loss are reported. 

 Test solution preparation: -   The hydrochloric acid solution of 1M was prepared using doubly 

distilled water. The extract was obtained by drying, then finely powdered part extracted with methanol. The 

solvent is distilled off from the solution extract and concentrate the inhibiting chemicals. The stock solutions 

of the extract so obtained were used in preparing different concentrations of the extract by dissolving 

0.1,0.2,0.3,0.4 and 0.5g of the extract in 1 L of 1M HCl respectively. The effect of iodide additive was studied 

by combining 0.005M of KI salt with different concentrations of the extracts. 

 The weight loss was calculated using the equation
1 
:- 

 

 

Where W1 and W2 are the weight of coupons before immersion and after immersion respectively. 

 The percentage inhibition efficiency was then calculated from the resulting weight loss  using 

following equation
12

:- 

 

 

 

Where WLi and WLb are the weight loss of the metal in inhibited and uninhibited solution respectively. 

The degree of Surface Coverage (Ө) can be calculated as. 

 

 

 

The corrosion rate is mmy
-1 

(millimeter penetration per year) can be obtained by the following equation
13

:- 

Corrosion rate (mmy
-1

)= Weight loss × 87.6/Area × Time × Metal density. 

Where mass loss is expressed in mg, area is expressed in cm
2 

 of metal surface exposed, time is expressed in 

hours of exposure, metal density is expressed in gm/cm
3
 and 87.6 is  conversion factor. 

 

∆W = W1-W2 

 

         Ө = 1- WLi/WLb 

   ή%  = 1- (WLi/WLb)100 
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RESULTS AND DISCUSSIONS: 

Various mechanisms have been proposed for the inhibition or acceleration of metallic corrosion in acid 

media
14

. A general mechanism for the inhibition of steel corrosion would be similar to that reported by Abdel-

Gaber et al
15

. and Okafor et al
16

. According to the mechanism, if a molecule or ion, X
-
, is adsorbed on the 

steel surface, a surface complex forms in the anodic process, and the complex is then desorbed from the 

surface, Eqs. (1)–(4): 

 

 Fe + X
- 
 (FeX

-
)s  --------------------(1) 

  

(FeX
-
)s  (FeX)s + e

-
  --------------------(2) 

  

(FeX)s  FeX
+ 

+ e
-
  --------------------(3) 

 

FeX
+
  Fe

2+ 
+ X

-
  --------------------(4) 

 

where s represents ion or compound at the surface. In general, if the adsorbed molecule/ion on the surface 

complex is stable, the corrosion of steel is inhibited. 

Table 1. Calculated values of corrosion rate and inhibition efficiency for mild steel corrosion in 1M HCl in 

the absence and presence of various concentrations of Heliotropium indicum extract and extract + KI at 

different temperatures using weight loss. 

Concentration(g/l) 
Corrosion Rate(mmy

-1
) Inhibition efficiency(ή%) 

30
0
C 60

0
C 30

0
C 60

0
C 

Blank 14.41 17.97 - - 

( Extract) 

0.1 
3.27 6.45 77.29 81.51 

0.2 2.75 5.31 80.93 85.36 

0.3 2.35 4.07 83.65 88 

0.4 1.66 3.32 88.47 90.29 

0.5 1.39 2.91 90.30 92.49 

(Extract+KI)     

0.1 2.66 4.27 64.10 76.21 

0.2 2.11 3.51 70.42 80.46 

0.3 1.73 3.23 77.31 82 

0.4 1.40 2.82 81.51 84.31 

0.5 1.08 1.90 83.76 89.41 

The values of percentage inhibition efficiency and corrosion rate obtained from weight loss method at 

different concentrations of the extract and extract in combination with KI at different temperatures are 

summarized in Table 1, and the variation of inhibition efficiency with concentrations of extract and extract in 

combination with KI are shown in fig. 1. Inspection of the data in the table reveals that the addition of extract 

decreases the corrosion of mild steel. From fig. 1, it is observed that the inhibition efficiency increases as the 

concentration of added extract is increased. This indicates that the phytochemical components of the extracts 
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are adsorbed onto the mild steel surface resulting in the blocking of the reaction sites, and protection of the 

mild steel surface from the attack of the corrosion active ions in the acid medium. 

Table indicates that in the presence of KI inhibition efficiency increases. It is generally accepted that halide 

ions facilitate adsorption of organic inhibitors during mild steel corrosion in acidic media by forming 

intermediate bridges between the metal surface and the positive end of the organic inhibitor. Corrosion 

inhibition synergism then results from increased surface coverage arising from ion-pair interactions between 

the organic cations in solution and the specifically adsorbed halide ions on the metal surface
17-18

. Hence, if 

protonated species play a part in corrosion inhibition, a synergistic increase in efficiency should be observed 

in the presence of the halide additives, as shown in Fig.1. 

(a) 

                        

(b) 

                        

Figure 1. Variation of Inhibition Efficiency with concentration for (a) Heliotropium indicum extract and (b) 

Heliotropium indicum extract + KI mixtures at 30 and 60
0
C with concentration. 
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Effect of temperature and activation energy: 

To evaluate the effect of temperature on the adsorption behavior as well as the activation parameters of the 

corrosion processes of mild steel in 1 M HCl in the blank solution and solutions containing extract, the weight 

loss measurements were carried out in the temperature range of 303 and 333 K.The influence of temperature 

on the inhibition efficiency at different concentrations of extract is illustrated in Table 1.  The significant 

difference between the value of inhibition efficiency of  Heliotropium indicum obtained at 303 and 333K 

suggests that the mechanism of adsorption of the inhibitor on the Al surface is by physical adsorption. For a 

physical adsorption mechanism, inhibition efficiency of an inhibitor decreases with temperature while for a 

chemical adsorption mechanism, values of inhibition efficiency increases with temperature
7
.It is an indication 

that at higher temperatures there might be a desorption of extracts from the Aluminum surface. 

In examining the effect of temperature on the corrosion inhibition process, the apparent activation energies 

(Ea) were calculated from the Arrhenius equation
6 
(equation 1): 

CR = Aexp(-Ea/RT)  ---------------------(1)  

Taking logarithm of both sides of Equation 1, Equation 2 was obtained: 

logCR = logA - Ea/2.303RT ---------------------(2) 

Where CR is the corrosion rate of aluminum. A is Arrhenius constant or pre-exponential factor, Ea is the 

activation energy of the reaction, R is the gas constant and T is the temperature. The plot of log CR against 

1/T for mild steel corrosion in 1 M HCl in the absence and presence of different concentrations of extract is 

presented in fig. 2. All parameters are given in Table 2. 

 

Figure 2. Arrhenius plot for mild steel corrosion in 1 M HCl in the absence and presence of different 

concentrations of Heliotropium indicum. 

The higher value o the activation energy of the process in an inhibitor’s presence when compared to that in its 

absence according to Ebenso et al
19

. is attributed to its physical adsorption. For   a   physical adsorption, it is 

expected that the value of Ea should be less than 80.00KJ/mol. 

 

y = 0.319x + 0.199

R² = 1

y = 0.983x - 2.435

R² = 1

y = 0.952x - 2.417

R² = 1

y = 0.795x - 2.014

R² = 1

y = 1.003x - 2.789

R² = 1

y = 1.069x - 3.065

R² = 1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

2.9 3 3.1 3.2 3.3 3.4

lo
g

C
R

(m
m

y
-1

)

1000/T(K-1)

Blank

0.1g/l

0.2g/l

0.3g/l

0.4g/l

0.5g/l



  
 
 
 

101 Kirti Sharma, Dr. Jyoti Sharma 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

Table 2. Activation parameters of the dissolution of mild steel in 1M HCl in the absence and     presence of 

different concentrations of Heliotropium indicum extract. 

 

Concentration(g/l) Ea(KJ/mol) 

Blank 6.17 

0.1 18.82 

0.2 18.39 

0.3 15.36 

0.4 19.38 

0.5 20.65 

 

 

Figure 3. Variation of Activation Energy, Ea, with the Concentrations of extract. 

As can be observed from fig. 3, increasing the amount of extract leads to an abrupt increase in the activation 

energy. 

Adsorption isotherm and thermodynamic parameters: 

Adsorption isotherms  are  very  important  in  understanding  the  mechanism  of inhibition of corrosion 

reaction of Al. The most frequently used adsorption isotherms are Frumkin, Temkin, Freundlich, Florry 

Huggins, Bockris –Swinkel, El-Awardy and Langmuir isotherms. All these isotherms can be represented as 

follows
20

, 

ƒ(θ, x)exp(-2aθ) = kC   ----------------(1) 

where ƒ(θ, x) is the configuration factor which depends upon the physical model and the assumptions 

underlying the derivation of the isotherm. θ is the degree of surface coverage, C is the inhibitor concentration 

in the electrolyte, X is the size ratio, a is molecular interaction parameter and k is the equilibrium constant 

of the adsorption process. Langmuir isotherm is an ideal isotherm for physical or chemical adsorption where 

there is no interaction between the adsorbate and the adsorbent. Assumptions of Langmuir relate the 

concentration of the adsorbate in the bulk of the electrolyte (C) to the degree of surface coverage (θ) 

according to equation 2: 
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C/θ = 1/k + C    ----------------(2) 

Where  k  is  the  equilibrium  constant  of  adsorption.   

By  plotting  values  of  (C/θ)  versus  values  of  C  straight  line  graphs  were obtained (Fig. 4 and 5) with 

very good correlation coefficient which seems to suggest that adsorption of the extract follow Langmuir 

adsorption isotherm. 

 

Figure 4: Plots of C/θ with Concentration (C) of  Extract. 

 

Figure 5: Plots of C/θ with Concentration (C) of  Extract + KI. 
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The Langmuir adsorption parameters in the presence of extracts is present in table 3. These results show that 

all linear correlation coefficients (R
2
) are close to 1,which indicates that the adsorption of Heliotropium 

indicum extract on mild steel surface obeys the Langmuir adsorption isotherm. The adsorption equilibrium 

constant Kads  decreases with increase in experimental temperature indicating that the interactions between 

the adsorbed molecules and the metal surface are weakens and consequently, the adsorbed molecules could 

become easily removable. Such data explains the decrease in the inhibition efficiency with increasing 

temperature
2
. 

Kads is related to the thermodynamic parameters for adsorption shown in Table 3 according to the following 

equations
21

. 

 

                   Kads =1/55.5exp[-ΔGads/ RT]  -------------------(3) 

                   ΔGads=ΔHads-TΔSads   -------------------(4)  

Using the value of intercept obtained from the graph, the values of ΔGads for temperature 303 K and 333 K 

for the Langmuir adsorption isotherm are up to -20 KJ/mole are consistent with physical adsorption
22

. 

 

Figure 6: Plot of free energy of adsorption versus temperature 

The plot of  ΔGads versus T was used to determine the enthalpy ΔHads and the entropy ΔSads  for the 

adsorption process using the basic thermodynamic equation (Eq 4) (fig. 6). The values of  ΔHads obtained 

were  -53.67 KJ/mol and -9.63 KJ/mol for the Heliotropium Indicum extract and extract + KI respectively. 

Whereas the values of ΔSads were 0.109 J/mol/K and 0.0333 J/mol/K for the Heliotropium Indicum extract 

and extract + KI respectively. The negative values of ΔSads and ΔHads obtained show that the adsorption is 

exothermic with an ordered phenomena. 
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CONCLUSION : 

1. Heliotropium indicum  extract was found to be a good inhibitor for mild steel corrosion in acidic 

environment. 

2. The inhibition efficiency increases with the increase in the inhibitor concentration and decreases with the 

increase in temperature. In addition, there was an enhancement of the inhibition efficiency of the extract 

on the addition of KI.  

3. The adsorption of the extract on the metal surface is more probable a physisorption process. 

4. Improved adsorption should however be obtained in hydrochloric acid solutions due to the tendency of 

chloride ions to be strongly adsorbed on the metal surface and hence facilitate physical adsorption of 

cation type inhibitors. 

5.  The proposed investigation may be useful for preventing losses caused due to corrosion without causing 

any harm to the environment. 
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