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ABSTRACT :- 

The effect of Heliotropium indicum leaves and seeds extract as an organic green inhibitor on the corrosion of aluminum 

in sulphuric acid was studied at different temperature using gravimetric method.  

The results of the study reveals that the different concentrations of alcoholic extract of Heliotropium indicum inhibit 

aluminum corrosion. Inhibition efficiency of the extract is found to vary with concentration. Using weight loss data, 

corrosion rate and thermodynamic parameters such as energy of activation for corrosion of aluminum(Ea), heat of 

adsorption of the inhibitors on the metal surface (Q) are calculated. The entire study shows that the seeds extract of the 

Heliotropium indicum is more effective corrosion inhibitor  for aluminum in acid medium. 
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 INTRODUCTION :- 

Corrosion is deterioration of materials by chemical interactions with their environment especially metal. A 

metal can only perform its function as long as its behavior to a significant extent. Most often the metals are 

subjected to the action of acid solution during industrial processes such as acid cleaning, pickling, descaling, 

which lead to its corrosion.
1, 2 

Corrosion causes great loss to our economy and is a major threat.40% of the 

country‟s production goes to replace corroded parts and products.  

To reduce the corrosion, inhibitors are to be used. Inhibitors are generally used in these processes to control 

the metal dissolution as well as acid consumption. Most corrosion inhibitors are organic compounds having 

heteroatom in their aromatic or long carbon chain. 

The scientific corrosion literature has lists of numerous synthetic chemical compounds that exhibit inhibitive 

properties for aluminum in acidic solutions, e.g. fluconazole
3
, pyridine and its derivetives

4
, tetrazole 

derivatives
5
 and purine

6
 etc. of these only few are actually used in practice.The synthetic chemicals though are 

most effective corrosion inhibitor but they are costly, highly toxic and pore threat to the environment.
7
 

Consequently, the need for ecofriendly inhibitors is necessary.Plants are important source of ecofriendly 

corrosion inhibitors. 

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
8
. 

The present paper continues to focus on the broadening application of the extracts of Heliotropium indicum as 

probable acid corrosion inhibitor in H2SO4 for aluminum. 

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
9
. Its alkaloid components confers on it anti inflammatory, wound healing, 

antiseptic/ antimicrobial, febrifuge, secretagogue stimulation(of gall bladder functions) and menstruation 
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activator properties. The pounded leaves are used as poultice
10

. The plant has been shown to contain 

tumorigenic pyrrolizidine alkaloides
11

 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. 

 

 EXPERIMENTAL:- 

 Specimen preparation: -     Rectangular specimens of aluminum of dimension 2.55×1.50×0.02 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 sulfuric acid solution of 2.5M 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 2.5M H2SO4 respectively..  

 The weight loss was calculated using the equation
12 

:- 

∆W = W1-W2 

 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
13

:- 

ή%  = 1- (WLi/WLb)100 

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. 

Ө = 1- WLi/WLb  

The corrosion rate is mmy
-1 

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

equation
14

:- 
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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. 

 

RESULTS AND DISCUSSIONS :– 

The inhibition efficiency (% IE), the surface coverage (Ө) and the corrosion penetration rate (mmy
-1

) 

calculated from the weight loss measurement of sulphuric acid and inhibitor (Heliotropium  indicum) are 

given in table 1. It is observed from the tables that weed acts as a good inhibitor for corrosion of aluminum in 

2.5M H2SO4 for the experimental period under study. The weight loss decreased with increasing concentration 

of plant extract. 

 

Table 1 : Weight Loss, Inhibition Efficiency, Corrosion Penetration Rate and Surface Coverage for Al  in 

2.5M H2SO4    solution with given inhibitor additions for 1 day at (30
0 
C) 

Conc. Weight Loss (g) Inhibition 

Efficiency (ή%) 

Corrosion 

Penetration Rate 

(mmy
-1

) 

Surface Coverage 

(Ө) 

Uninhibited 0.018  3.1808  

Leaves extract 

0.1g/l 

 

0.009 

 

50% 

 

1.5904 

 

0.5 

0.2g/l 0.007 61.12% 1.2369 0.6112 

0.3g/l 0.006 66.67% 1.0602 0.6777 

0.4g/l 0.004 77.78% 0.7068 0.7778 

0.5g/l 0.003 83.34% 0.5301 0.8334 

 

    Seeds extract   

          0.1g/l 

 

          0.007 

 

        61.12% 

      

         1.2369 

 

         0.6112 

          0.2g/l           0.006         66.67%          1.0602          0.6667 

          0.3g/l           0.005         72.23%          0.8835          0.7223 

          0.4g/l           0.003         83.34%          0.5301          0.8334 

          0.5g/l           0.002         88.89%          0.3534          0.8889 

 

It is evident from table that the maximum inhibition efficiency shown by the seed extract of Heliotropium 

indicum as compared to leaves extract. 

Both of the inhibitors display maximum efficiency at the highest concentration of plant extract used. The 

leaves extract showed maximum inhibition efficiency of 83.34% at a optimum concentration of 0.5g/l whereas 

seed extract showed maximum inhibition efficiency of 88.89% at 0.5g/l.    

The corrosion penetration rate decreases with increase in concentration of the extract. The surface coverage 

(Ө) is highest for 0.5 g/l concentration .Figure 1 and 2 shows the plots of weight loss in the presence and 

absence of inhibitor as a function of concentration. From the figure, the weight loss decreased with 

concentration. Figure 3 and 4 showed the variation of % IE with concentration. These observations are 

indicative that the presence of leaves „arrested‟ metal dissolution in 2.5M H2SO4.  
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Figure 1: Variation of Weight Loss of Aluminum with the concentration of Heliotropium indicum leaves 

extract. 

 

Figure 2: Variation of Weight Loss of Aluminum with the concentration of Heliotropium indicum seeds 

extract. 

 

Figure 3: Variation of Inhibition Efficiency of   Heliotropium indicum leaves extract with concentration. 



  
 
 
 

24 Jyoti Sharma & Kirti Sharma.
* 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2, Special Issue 

September 2015       

 

Figure 4: Variation of Inhibition Efficiency of   Heliotropium indicum seeds extract with concentration. 

 

Thermodynamic and adsorption considerations- 

Temperature study was performed at 303K and 333K in the absence and presence of Heliotropium indicum 

extract of varying concentrations. The time of immersion of temperature study was fixed at two hours. 

 Figure (5) shows the variation of inhibition efficiency versus the different concentrations of Heliotropium 

indicum at both 303K and 333K. 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
15

.It is an indication that at higher temperatures there might be a 

desorption of extracts from the Aluminum surface. 

 

 

Figure 5: Variation of Inhibition Efficiency of  Methanolic Extract of Heliotropium indicum extracts with 

Concentration at 303K and 333K. 

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

(Ea) were calculated from the Arrhenius equation
16 

(equation 1): 



  
 
 
 

25 Jyoti Sharma & Kirti Sharma.
* 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2, Special Issue 

September 2015       

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

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

logCR =     logA  -  Ea/RT                                                                                  (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. Considering a change in 

temperature from 303 K (T1) to 333 K (T2), the corresponding values of the corrosion rates at these 

temperatures are CR1 and CR2 respectively. Inserting these parameters into Equation 2, Equation 3 was 

obtained: 

Log (CR2/CR1) =    Ea/2.303R x (1/T1 – 1/T2)                                                     (3) 

Values of Ea for the inhibited corrosion reaction of aluminum have been calculated using Equation 3. 

These values (Table 8 and 9) ranged from 16.4389 – 50.1110KJ/mol   supporting   the   mechanism   of   

physical   adsorption.   For   a   physical adsorption, it is expected that the value of Ea should be less than 

80.00KJ/mol. 

 

Table 8: Thermodynamic parameters for the adsorption of Heliotropium indicum leaves extract on 

Aluminum surface 

Conc. of Heliotropium 

Indicum leaves (g/l) 

Ea (KJ/mol) Qads (KJ/mol) 

0.1 21.3152 -18.469 

0.2 16.9520 -6.942 

0.3 16.4389 -7.173 

0.4 27.4243 -19.475 

0.5 50.1110 -33.645 

 

Table 9: Thermodynamic parameters for the adsorption of Heliotropium indicum 

seeds extract on Aluminum surface 

 

Conc. of Heliotropium Indicum 

leaves (g/l) 

Ea (KJ/mol) Qads (KJ/mol) 

0.1 21.8918 -17.4839 

0.2 17.2324 -8.3745 

0.3 17.3619 -9.2705 

0.4 28.7958 -19.9670 

0.5 48.7480 -43.8668 

Increased activation energy(Ea) in inhibited solutions compared to the blank suggests that the inhibitor is 

physically adsorbed on the corroding metal surface while either unchanged or lower Ea in the presence of 

inhibitor suggest chemisorptions
17

. 
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Figure 6: Variation of Activation Energy, Ea, with the Concentrations of extract. 

 

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

energy. The higher value of the activation energy of the process in an inhibitor‟s presence when compared to 

that in its absence is attributed to its physical adsorption 

The values of heat of adsorption of Heliotropium indicum  extract on aluminum surface were 

calculated using equation 4 

Qads        =      2.303R[log(θ2/1-θ2)    - log(θ1/1-θ1)] x (T1 x T2)/(T2 – T1)                  (4) 

Values of Qads  (Table 8 and 9) calculated through equation 4 were negative indicating that the 

adsorption of Heliotropium indicum extracts on aluminum surface is exothermic. The negative Qads values 

indicates that the degree of surface coverage decreases with rise in temperature in the presence of extract 

supporting physisorption mechanism
18

.It can also be stated that since the reaction was carried out at constant 
pressure, values of Qads should approximate those of enthalpy of adsorption (ΔHads)

19-20
. 

Values of free energy of adsorption of Heliotropium indicum leaves extract on aluminum surface were 

calculated using the following equation: 

ΔGads =      -2.303RTlog(55.5K) (5) 

Where K = θ/(1-θ)[C], C is the concentration of the inhibitor and 55.5 is the concentration of water in solution 

expressed in molar. Calculated values of ΔGads are recorded are negative This indicates that adsorption of 

alcoholic extract of Heliotropium indicum extracts is spontaneous and occur via physical adsorption 

mechanism. The result also revealed that values of  ΔGads were more negative at 303 K compared to values 

obtained at 333 K indicating that the spontaneity of adsorption hence stability of the adsorbed layer is 

higher at 303 K. At 333 K, effect of temperature tends to increase the degree of disorder in the adsorbed 

molecular layer
17

. 

Values   of   entropy   of   adsorption   (ΔSads)   were   calculated   by   substituting corresponding 

values of ΔGads and ΔHads into the Gibbs-Helmholtz equation according to equation 6: 

ΔGads    =         ΔHads    -          TΔSads                                        (6) 

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
21

, 
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ƒ(θ, x)exp(-2aθ)           =         kC                                     (7) 

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 8: 

C/θ      =       1/k     +       C                                               (8) 

Where  k  is  the  equilibrium  constant  of  adsorption.   

By  plotting  values  of  (C/θ)  versus  values  of  C  straight  line  graphs  were obtained (Fig. 7 and 8)with 

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

adsorption isotherm. 

 

Figure 7:Plots of C/θ with Concentration (C) of leaves extract. 

 

 

Figure 8:Plots of C/θ with Concentration (C) of seeds extract. 
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Table 9: Calculated thermodynamic parameters from Langmuir adsorption isotherm 

Temp (K) Intercept Slope Kads (R
2
) ΔGads 

(KJ/mole) 

Leaves extract 

303 

 

 

0.121 

 

0.863 

 

80264 

 

0.925 

 

-15.440 

 

333 

 

0.150 

 

1.046 

 

7.042 

 

0.993 

 

-16.526 

Seeds extract 

 

303 

 

 

0.110 

 

 

0.885 

 

 

9.090 

 

 

0.958 

 

 

-15.681 

 

 

333 

 

 

0.139 

 

 

0.996 

 

 

7.194 

 

 

0.988 

 

 

-16.585 

 

The Langmuir adsorption parameters in the presence of extracts is present in table 9. These results 

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

Heliotropium indicum leaves and seeds extract on Al 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
22

. Using the value of intercept obtained from the graph and equation 
5, 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
23

. 

 

CONCLUSION :- 

1. Heliotropium indicum leaves and seeds extract was found to be a good inhibitor for Aluminum 

corrosion in acidic environment. 

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

the increase in temperature. 

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

4.   It has been observed that the seeds extract of the Heliotropium indicum  has maximum inhibition 

efficiency as compared to leaves extract. This may be attributed to the presence of alkaloids. The young 

leaves, seedlings and inflorescences showed high alkaloid levels and with ageing, the level of alkaloids 

decreased 20 fold in the leaves.            

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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