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The corrosion inhibition mechanism of the Curcuma longa extract on mild steel surface in 1 M HCl 

has been studied at different temperatures (30-55 
o
C) by gravimetric measurements. The inhibition 

efficiency decreases with increasing temperature. As the concentration of the extract increased, higher 

activation energy, enthalphy of activation and entropy of activation were obtained. The inhibition were 

physisorption in nature with an endothermic reaction. The adsorption process was more favoured at 

lower temperatures with larger negative standard free energy. The adsorption process on the mild steel 

surface obeys the Langmuir adsorption isotherm.  
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1. INTRODUCTION 

Corrosion is a natural occurring process where it can be defined as the deterioration of a 

material’s properties due to its interaction with its environment. Corrosion can lead to failures in plant 

infrastructure and machines which are usually costly to repair, in terms of loss of contaminated 

products, environmental damage and possibly costly in terms of human health. The driving force that 

causes metals to corrode is due to the natural consequence of their temporary existence in metallic 

form. The primary corrosion product of iron, exists as, eg. Fe(OH2), or more likely FeO•nH2O, but the 

action of oxygen and water can yield other products having different colours [1]: 

 Fe2O3•H2O or hydrous ferrous hydroxide, sometimes written as Fe(OH)3, is the 

principle component of red-brown rust. It can form a mineral called hematite which is the most 

common iron ore. 

http://www.electrochemsci.org/
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 Fe3O4•H2O or hydrated magnetite, known as ferrous ferrite, written as (Fe2O3•FeO), 

most often green but can be deep blue in the presence of organic complexants. 

 Fe3O4 or magnetite which is black. 

Mild steel being the important alloy of iron has found a wide application in industries, 

constructional materials and machines due to its low cost and excellent mechanical properties despite 

of its tendency to corrosion in aqueous solution, especially in acidic media [2-5]. Acid solutions are 

often used in the industry for industrial acid cleaning, pickling, descaling, oil well acidizing and 

petrochemical processes which are normally accompanied by considerable dissolution of metal [6-10]. 

The use of corrosion inhibitor is usually the most promising, effective, flexible and cost attractive 

method to reduce the corrosive attack of acid solutions [11, 12]. Corrosion inhibitors are chemical 

compound usually used in small concentration which when added to a corrosive media retards the 

corrosion process and keeps its rate to a minimum [13, 14]. Among them, organic compounds 

containing heteroatoms such as nitrogen, oxygen, sulphur and phosphorus, π electrons in triple or 

conjugated double bonds possess the ability to act as good corrosion inhibitor as they are easily 

adsorbed onto the metal surface [15-19]. It is widely accepted that organic inhibitors exhibit corrosion 

via adsorption. The inhibition mechanism is a separation process involving (i) the inhibitor is adsorbed 

on the surface of the metal forming a compact protective thin layer and (ii) the inhibitor forms a 

precipitate on the surface of the metal, acting on the aggressive media to form protective precipitates or 

remove the aggressive agents [20]. Adsorption, on the other important notes can be described by two 

main types of interaction, which are physisorption and chemisorption, where [21, 22]: 

 Physisorption: involves electrostatic forces between ionic charges or dipoles on the 

adsorbed species and the electric charge at the metal/solution interface. The heat of adsorption is low, 

thus, this adsorption is only stable at relatively low temperature. 

 Chemisorption: involves charge transfer or sharing from the inhibitor molecules to the 

metal surface to form a coordinate type bond. This type of adsorption is known to have much stronger 

adsorption energy compared to the other mode of adsorption. Thus, such bond is more stable  at higher 

temperature. 

Unfortunately, most of the reported inhibitors used in the industry are highly toxic, so they are 

very hazardous to the environment, expensive and non-environmentally friendly, thus these factors 

limit their applications [23, 24]. Many environmental laws have been made to impose and to divert 

researchers to the use of natural products as an alternative substitution. The employment of natural 

products extracted from leaves, rhizomes, seeds or bark of the extracts are due to its ‘green’ effects, 

practical use, inexpensive, relatively non-toxic, readily available and comes from renewable resources.  

 

 

Figure 1. Chemical structure of curcumin. 
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Curcuma longa or generally known as turmeric has long been used as a common household 

medicine, food colorant and spice in Southeast Asia. It is known that curcumin; 1,7-bis(4-Hydroxy-3-

methoxyphenl)-1,6-heptadiene-3,5-dione (Fig. 1) is the major active compound found in turmeric.  

The other two curcuminoids are demethoxy curcumin (Fig. 2) and bis-demethoxy curcumin 

(Fig. 3). These three curcuminoids are natural phenol and they are responsible for the yellow colour of 

turmeric. The structural of these curcuminoids itself which possess heterocyclic compounds with polar 

functional group, conjugated double bonds, hydroxyl, oxygen and the non-toxicity factors that show 

the ability to act as organic corrosion inhibitor, there comes our interests to choose turmeric extracts to 

be used as corrosion inhibitor. 

 

 

 
 

 

Figure 2. Chemical structure of demethoxy curcumin. 

 

 

 
 

Figure 3.  Chemical structure of bis-demethoxy curcumin. 

 

Thermodynamic adsorption parameters and kinetics of corrosion parameters are useful for 

clarifying the adsorption behaviour of an inhibitor [21]. The effect of temperature on the inhibited 

acid-metal reaction is highly complex because many changes occur on the metal surface, such as rapid 

etching, desorption of inhibitor and the inhibitor itself may undergo decomposition and/or 

rearrangement [21, 26]. The aim of this work is to investigate the inhibition, pH and temperature 

effects of turmeric extracts, hence to study the thermodynamic of adsorption and activation energies of 

the extract in order to clarify how this inhibitor works on mild steel in 1 M HCl by using gravimetric 

measurements.  

 

2. EXPERIMENTAL 

2.1Preparation of extract 

Raw materials of fresh Curcuma longa rhizomes were purchased from a local supermarket in 

Malaysia as the starting material. The rhizomes were cleaned, cut into smaller pieces and ground into 
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powder (~250 mesh) followed by further drying at 50 
o
C to a constant weight. The dried rhizome 

powder of turmeric was defatted twice overnight using 25 mL hexane (1:5 m/v) at 200 rpm at room 

temperature (30 ± 2 
o
C) by means of maceration technique for the removal of lipid and oils from the 

extract. The defatted residue was then extracted with 95% aqueous ethanol (1:10 m/v) incubated for 3 

hours by means of orbital shaker at 200 rpm. Afterwards, the extract was concentrated at 50 
o
C under 

reduced pressure by means of rotary evaporator to remove the ethanol. The aqueous fraction was then 

freeze dried to remove the water content.  

 

2.2 Preparation of metal specimen 

The mild steel specimens having composition (wt%) of  0.14% C, 0.20% Si, 0.15% Mn, 0.10% 

Ni, 0.14% Cu and remaining Fe were mechanically abraded with a series of emery papers from 120 to 

1200 grades. The samples were then washed thoroughly with distilled water, degreased with 

isopropanol and air dried.  

 

2.3 Preparation of test solution 

The test solutions were prepared by the dilution of analytical grade 37% HCl with distilled 

water up to the optimum inhibitor concentration of the extract. For pH studies, the test solutions were 

prepared by the dilution of distilled water up to the optimum concentration where it can reach by 

adjusting the pH using HCl and NaOH. Inhibitors were dissolved in acid solution at required 

concentrations in ppm (mg L
-1

) and the solution in the absence of inhibitor was taken as blank for 

comparison purposes. Due to the fact that curcumin which is the major active compound in turmeric 

has low aqueous solubility, hence both of the test solutions were first dissolved in 10% ethanol and 

they were put in sonicator for 5 minutes. 

 

2.4 Determination of total phenolic content 

The total phenolic content (TPC) in the extract and standard curcumin were determined by 

using the method described by Tan et al., (2010) [27].  5.0 mL (1/10 dilution) of the Folin-Ciocalteu 

reagent was dissolved in a test tube containing 0.5 mL diluted extract or standard solution of gallic 

acid (20, 40, 60, 80 and 100 ppm). The solution was kept at room temperature for 5 minutes. After 

that, 4 mL of 1 M sodium carbonate (Na2CO3) was added and the solution was diluted to 10.0 mL and 

the final mixture was mixed thoroughly. After 2 hours of incubation in the dark at room temperature, 

the absorbance value versus blank was measured at 760 nm. Total phenolic content of the sample was 

expressed as gallic acid equivalent concentration (mg of GAE/ g dry sample) through the calibration 

curve of gallic acid. Samples were analyzed in duplicate to obtain good reproducibility. Standard 

curcumin (C1386) of ~70% purity from Sigma-Aldrich was used for reference purposes. 
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2.5 Gravimetric study 

The gravimetric method (weight loss, wL) is known to be the most widely used method of 

monitoring inhibition efficiency [18]. The mild steel specimens of dimension 4 x 3 x 0.1 cm were used 

in these studies. The weight loss measurements were conducted under total immersion using 250 mL 

capacity beakers containing 100 mL of test solutions with and without the extract for 24 hours at 30, 

35, 45 and 55 
o
C (303 K, 308 K, 318 K and 328 K) maintained in a thermostated water bath. The 

specimens were weighed before and after the tests using an analytical balance with a precision of 0.1 

mg. The specimens were taken out after the 24 hours of immersion, washed, dried and reweighed 

accurately to determine the weight loss of mild steel. For pH studies, same method have been applied, 

except the pH of the test solutions were first been adjusted to the desired pH. All measurements were 

performed few times and average values were reported to obtain good reproducibility. The corrosion 

rate (ρ) in mg cm
-2

 h
-1

 in the absence and presence of extract was determined using the following 

equation: 

 

     (1) 

 

where ∆W is the average weight loss of the mild steel specimens, A is the total area of mild 

steel specimen and t is the immersion time in 24 hours. The percentage inhibition efficiency (IE%) was 

calculated using the relationship: 

 

      (2) 

 

where Wo and Wi are the weight loss values in the absence and presence of extract. 

 

2.6 SEM-EDX analysis 

The surface morphology of the corroded and inhibited species of mild steel was investigated by 

using scanning electron microscopy (LEO Supra 50 VP Field Emission SEM) equipped with Oxford 

INCA x activation energy dispersive x-ray microanalysis system (Carl-Ziess SMT). The images were 

taken after immersing the samples for 24 hours at room temperature in 1 M HCl without and with the 

presence of 60 ppm and 80 ppm of the extract.  

 

 

 

3. RESULTS AND DISCUSSION  

3.1 Total phenolic content 

Total phenolic content as summarized in Table 1 were quantified based on the linear equation 

of gallic acid standard calibration curve. Comparison of total phenolic content between the extract and 
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standard curcumin clearly proved that the extract gives 97.13 mg GAE/ g dry sample while standard 

curcumin gives 184.63 mg GAE/ g dry sample. The theory of Folin-Ciocalteau assay lies on the 

reduction of a phosphotungstate-phosphomolybdate complex by phenolics to a mixture of blue oxides 

which have a maximal absorption in the region of 760 nm [28]. In conjunction with the extract and 

standard curcumin, after the addition of Folin-Ciocalteau reagent to the samples, the yellow colour of 

the reagent will be converted into blue colour solution as an indication that there is phenolic content 

present in the extract as in the standard curcumin. 

 

Table 1. The effect of different samples on phenolic profile. 

 

Sample(s) TPC (mg GAE/g dry sample)
 

Extract  97.13 ± 3.01 

Standard curcumin  184.63 ± 3.01 

Data are expressed as mean ± standard deviation (n=2)
a
. 

 

3.2 Gravimetric study 

3.2.1 Effect of pH 

Table 2. Inhibition efficiency for various pH of 80 ppm extract at 30 
o
C for the corrosion of mild steel. 

 

pH 0 1 2 3 4 5 6 7 

IE (%) 79.81 47.59 40.88 37.50 28.57 20.64 16.67 9.09 

 

 

Figure 4. Effect of pH on inhibitor performance. 
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The influence of pH on the corrosion of mild steel has been studied in the range of pH 1-7 of 

80 ppm extract at room temperature (30 
o
C). This study is important to gain knowledge concerning the 

efficiency of the extract at various pH to which the addition of the extract will gives highest inhibition, 

and to which the mild steel is seriously corroded. Fig. 4 and Table 2 show the results on the effect of 

pH.  

As pH values approaching 0, which is the pH values in 1 M HCl media, the inhibition 

efficiency is at its maximum. It is remark from the results that the corrosiveness of acid is the main 

factor contributing to the aggressive attack on the mild steel surface, thus leading to the highest 

inhibitory effect of the extract. The corrosion parameters obtained by conducting the weight loss study 

at pH 5, which is the pH at which the extract is being prepared in distilled water media are presented in 

Fig. 5. 

 

 

Figure 5. Relationship between corrosion rate (ρ) and the inhibition efficiency (IE) with the 

concentration of extract for mild steel in 1 M HCl after 24 hours at pH 5. 

 

It is apparent that the inhibition efficiency increases with increasing concentration and the 

corrosion rate decreases as the concentration of the extract increases. However, due to the fact that 

mild steel is mildly corroded at pH near neutral and the corrosive attack of mild steel in 1 M HCl at pH 

0 is severe, the studies on 1 M HCl is in our main scope of interests. 

 

3.2.2 Effect of temperature 

The corrosion parameters obtained by conducting weight loss measurements for mild steel in 

the absence and presence of different concentration of extract in 1 M HCl at different temperature are 

tabulated in Table 3. It can be clearly seen that the corrosion rate values decreased and inhibition 

efficiency increased with the increase in the concentration of extract. This might be due to the fact that 

the adsorption coverage of the inhibitor on mild steel surface increases with the concentration of the 
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extract. The variation of corrosion rate and inhibition efficiency with concentration of the extract are 

shown in Figs. 6 (a, b, c and d). It can be observed that the corrosion rate of mild steel decreases while 

the inhibition efficiency increases as the concentration of the extract increases.  

 

Table 3. Corrosion parameters for mild steel in 1 M HCl containing various concentrations of extract 

at the influence of temperature. 

 

T (K) Cinh (ppm) wL (mg) ρ (mg cm
-2

 h
-1

) IE (%) Ѳ 

303 K Blank 921.30 1.60 - - 

 5 690.95 1.20 25.00 0.2500 

 20 323.85 0.56 64.85 0.6485 

 30 316.51 0.55 65.65 0.6565 

 40 298.35 0.52 67.62 0.6762 

 50 251.15 0.44 72.74 0.7274 

 60 232.80 0.40 74.73 0.7473 

 80 186.00 0.32 79.81 0.7981 

308 K Blank 1621.50 2.82 - - 

 5 1358.30 2.36 16.23 0.1623 

 20 986.00 1.71 39.19 0.3919 

 30 780.40 1.35 51.87 0.5187 

 40 726.90 1.26 55.17 0.5517 

 50 569.45 0.99 64.88 0.6488 

 60 447.20 0.78 72.42 0.7242 

 80 432.80 0.75 73.31 0.7331 

318 K Blank 2280.90 3.96 - - 

 5 2189.40 3.80 4.01 0.0401 

 20 1962.60 3.41 13.96 0.1396 

 30 1807.74 3.14 20.74 0.2074 

 40 1666.00 2.89 26.96 0.2696 

 50 1527.50 2.65 33.03 0.3303 

 60 1357.90 2.36 40.47 0.4047 

 80 1137.20 1.97 50.14 0.5014 

328 K Blank 2698.30 4.68 - - 

 5 2671.60 4.64 0.99 0.0099 

 20 2606.80 4.53 3.39 0.0339 

 30 2561.20 4.45 5.08 0.0508 

 40 2534.90 4.40 6.06 0.0606 

 50 2502.10 4.34 7.27 0.0727 

 60 2453.60 4.26 9.07 0.0907 

 80 2387.40 4.14 11.52 0.1152 

 

It is noted that the inhibition efficiency depends on temperature and decreases with the rise of 

temperature, indicating that at higher temperature, dissolution of mild steel predominates on the 
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surface. This effect can be explained by the decrease of the strength of the adsorption process at high 

temperature, suggesting physical adsorption [29].  
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Figure 6. Relationship between corrosion rate (ρ) and the inhibition efficiency (IE) with the 

concentration of extract for mild steel in 1 M HCl after 24 hours at different temperature: (a) 

303 K, (b) 308 K, (c) 318 K and (d) 328 K. 

 

The increase in temperature might stimulate larger metal surface kinetic energy, which has an 

adverse effect on the adsorption process where it weakens the adsorption process and encourage 

desorption process, hence the equilibrium shift towards desorption as follows [30]: 

 

      (3) 

 

3.2.3 Corrosion kinetic parameters 

The dependence of the corrosion rate on temperature can be expressed by the Arrhenius 

equation and transition state equation as presented in Eqs. (4) and (5), respectively [29-33]: 

 

   (4) 

 

     (5) 

 

where ρ is the corrosion rate, Ea is the apparent activation energy, R is the universal gas 

constant (8.314 J mol
-1

 K
-1

), T is temperature, A is the Arrhenius pre-exponential factor, h is the 

Plank’s constant (6.626176 x 10
34

 Js), N is the Avogadro’s number (6.02252 x 10
23

 mol
-1

), ∆S is the 

entropy of activation and ∆H is the enthalpy of activation. The plot of log ρ against 1/T is presented in 

Fig. 7. The slope of the line is (-Ea/2.303 RT) and the intercept of the line extrapolated gives log A. 

Analysis of the temperature dependence on inhibition efficiency as well as comparison of corrosion 

activation energy in the absence and presence of inhibitors give an insight knowledge on the possible 

mechanism of inhibitor adsorption. A decrease in inhibition efficiency with rise in temperature with an 



Int. J. Electrochem. Sci., Vol. 8, 2013 

  

7148 

increase in Ea in presence of inhibitor compared to the absence, is frequently being interpreted as the 

formation of an adsorptive film of physisorption [34].  

 

 

Figure 7. Arrhenius plots for mild steel corrosion in 1 M HCl in the absence and presence of different 

concentrations of extract.  

 

All calculated parameters are given in Table 4. Higher values of Ea in the presence of extract 

which acts as inhibitor is a good indication of strong inhibitive action of the extract by increasing the 

energy barrier for the corrosion process. Higher values of Ea in the presence of extract can also be 

correlated with the increase in thickness of the double layer that enhance the Ea of the corrosion 

process [35].  

 

Table 4. Activation parameters, pre-exponential factor, enthalphy and entropy of dissolution reaction 

of mild steel in 1 M HCl containing various concentrations of extract. 

 

Media 

(ppm) 

A  

(mg cm
-2

 h
-1

) 

Ea 

 (kJ mol
-1

) 

r
2
 ∆H 

 (kJ mol
-1

) 

∆S  

(J mol
-1

 K
-1

) 

r
2
 

Blank  9.40 x 10
5
 33.02 0.8731 30.40 -139.39 0.8531 

5 2.81 x 10
7
 42.22 0.8864 39.60 -111.15 0.8725 

20 1.06 x 10
11

 64.51 0.8646 61.89 -42.67 0.8544 

30 2.45 x 10
11

 66.94 0.9235 64.32 -35.69 0.9174 

40 3.81 x 10
11

 68.23 0.9375 65.61 -32.01 0.9326 

50 3.90 x 10
12

 74.64 0.9603 72.02 -12.67 0.9573 

60 1.67 x 10
13

 78.75 0.9804 76.13 -10.63 0.9789 

80 6.32 x 10
13 

82.52 0.9805 79.90 10.49 0.9791 

 

Fig. 8 shows the plot of log ρ/T vs 1/T. Straight line were obtained with the slope of (∆H/2.303 

RT) and an intercept of [(log (R/Nh) + (∆S/2.303 RT)] from which the values of ∆H and ∆S, 
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respectively were calculated and also listed in Table 4. The positive values of ∆H reflect the 

endothermic nature of the mild steel dissolution process. The negative values of ∆S imply that the 

disorderness is increased on going from reactant to product. It is observed that the shift of ∆S to more 

positive values on increasing the concentration of the extract is the driving force that can overcome the 

barriers for the adsorption of inhibitor onto the mild steel surface. 

 

 

Figure 8. Transition state plots for mild steel corrosion in 1 M HCl in the absence and presence of 

different concentrations of extract.  

 

3.2.4 Adsorption isotherm 

It is useful to describe the adsorption process by an appropriate adsorption isotherm. The extent 

of corrosion inhibition mainly depends on the surface conditions and mode of adsorption of the 

inhibitor. Assumptions were made that the uncovered parts of the metal surface is equal to zero and the 

corrosion process takes place only at the uncovered parts of the metal surface. The degree of surface 

coverage (Ѳ) has been calculated as follows, Ѳ = IE/100 by assuming a direct relationship between 

surface coverage and inhibition efficiency as presented in Table 3 [36]. In order to gain an insight to 

the mode of adsorption of the extract onto the mild steel surface, the surface coverage values were 

fitted into few adsorption isotherms and the values of correlation coefficient (r
2
) were used to 

determine the best fit. The data were fitted to Langmuir, Frumkin, Temkin and Florry-Huggins 

adsorption isotherms according to the following equations [20, 37-45]: 

 

    (6) 

 

    (7) 

 

     (8) 
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    (9) 

 

where C is the concentration of extract, Kads is the adsorptive equilibrium constant, f is the 

heterogenous factor of the metal surface describing the molecular interactions in the adsorption layer 

and the heterogeneity of the metal surface. If f > 0, mutual repulsion of molecules occur and if f < 0 

attraction takes place. x is the number of inhibitor molecules occupying an active sites or the number 

of water molecules replaced by one molecule of the extract. Kads is related to the standard free energy 

of adsorption, ∆G by the following equation [46-48]: 

 

     (10) 

 

where the numeral of 55.5 is the molar concentration of water in solution, R is the universal gas 

constant (8.314 J mol
-1

 K
-1

) and T is temperature (K). The plots of C/Ѳ versus C which is the Langmuir 

adsorption isotherm gives a straight line with an intercept of 1/Kads as shown in Fig. 9. Kads values are 

given in the unit of L mg
-1

.  

 

 
 

Figure 9.  Langmuir adsorption isotherm plots at different temperatures. 

 

Before calculating the parameters, the Kads unit should be changed into L mol
-1

 (M
-1

) in order to 

agree with the basic unit of SI and the calculated Kads values in the unit of M
-1

 are given in Table 5, as 

well as various calculated parameters. Assumptions were made to account the molecular weight of the 

extract as 368.38 g mol
-1

 as per the molecular weight of curcumin, which is the active compound in 

turmeric. Langmuir adsorption isotherm assumes that [49, 50]: 

(i) The metal surface contains a fixed number of adsorption sites and each site holds one 

adsorbate. 

(ii) ∆G is the same for all sites and it is independent of Ѳ.  
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(iii) The adsorbates do not interact with one another, i.e. there is no effect of lateral 

interaction of the adsorbates on ∆G. 

The linearity of the Langmuir plot may be interpreted to suggest that the experimental data 

obeyed the Langmuir adsorption isotherm. The negative values of ∆G suggests that the adsorption of 

inhibitors on mild steel surface is a spontaneous process. Generally, the adsorption type is regarded as 

physisorption if the values of up to -20 kJ mol
-1

 or lower, while those more negative than -40 kJ mol
-1

 

involve sharing or transfer of electrons from the inhibitor molecules to the metal surface to form a co-

ordinate type of bond, regarded as chemisorption [51-53]. High value of Kads at lower temperature 

reflects the high adsorption ability of the extract on mild steel surface. 

 

Table 5. Calculated parameters for Langmuir adsorption isotherm. 

 

T (K) Kads (L mg
-1

) Kads (M
-1

) r
2
 ∆G (kJ mol

-1
) 

303 0.0789 2.91 x 10
4
 0.9944 - 36.01 

308 0.0350 1.29 x 10
4
 0.9835 -34.52 

318 7.68 x 10
-3 

2.83 x 10
3 

0.8088 -31.63 

328 1.90 x 10
-3 

7 x 10
2 

0.8175 -28.82 

 

3.3 SEM-EDX analysis 

Fig. 11 (a) depicts the morphologies of polished mild steel. SEM micrographs obtained from 

mild steel surface after 24 hours of immersion in 1 M HCl for the untreated mild steel and treated mild 

steel in 60 ppm and 80 ppm extract are shown in Figs. 11 (b, c, d), respectively. Figs. 12 (a, b, c and d) 

represents EDX of polished mild steel, exposed to 1 M HCl, and treated mild steel in 60 ppm and 80 

ppm extract, respectively.  

It can be clearly observed that the mild steel surface was strongly damaged with areas of 

uniform corrosion where the metal is attacked more or less evenly over the entire surface. Examination 

on the surface morphology of treated mild steel in 60 ppm extract reveals that the metal surface is in 

better conditions by having smooth surfaces compared to the untreated mild steel.   
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Figure 11. SEM micrographs on the surface of mild steel: (a) Polished mild steel; after 24 hours of 

immersion: (b) Untreated mild steel in 1 M HCl, (c) Treated mild steel in the presence of 60 

ppm extract and (d) Treated mild steel in the presence of 80 ppm extract. 

 

It can be concluded that increase in the concentration of extract will increase the smoothness of 

the mild steel surface as observed from Fig. 11 (d). The EDX analysis of the mild steel surface were 

taken at few different spots. Since the corrosive media is 1 M HCl and the extract consist mainly of 

carbon (C) and oxygen (O) atoms, the variation of C, chloride (Cl) and O weight percentage on the 

surface can be used quantitatively to explain the adsorption of extract.  
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Figure 12. EDX of (a) Polished mild steel; after 24 hours of immersion: (b) Untreated mild steel in 1 

M HCl, (c) Treated mild steel in the presence of 60 ppm extract and (d) Treated mild steel in 

the presence of 80 ppm extract. 

 

As shown in Figs. 12, it is clear that in presence of the extract, the weight percentage (wt. %) of 

C increased while Cl decreased. In other words, the peak of C observed increased and the peak of Cl 

decreased in the presence of extract. It is also observed from Fig. 12 (b) that the O peak is high in very 

corrosive media in comparison to the polished and treated mild steel. Thus, it can be concluded that 

there is a good protective film adsorbed on the mild steel surface which is responsible for the corrosion 

inhibitive effect. 

 

 

 

4. CONCLUSION  

The following results can be drawn from this study: 

1) Inhibition efficiency values increase with the inhibitor concentration but decrease with 

rise in temperature suggesting physisorption. 

2) As the inhibitor concentration increased, higher activation energy, enthalphy of 

activation and entropy of activation were obtained. Results revealed that the inhibition is endothermic 

in nature and the adsorption process was more favoured at lower temperatures with larger negative 

standard free energy. 
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3) The Langmuir adsorption isotherm provide a formal description of the adsorptive 

behaviour of the extract on mild steel surface. The values of ∆G and Kads indicate the spontaneous 

interaction with high adsorption ability of extract at lower temperature. 

4) SEM studies reveal that the corrosion of mild steel in 1 M HCl was diminished by the 

addition of the extract. A smoother surface were observed. 
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