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Abstract 

The effect of iodide ions addition on the mild steel corrosion inhibition in 1 M HCl by Cocos 

nucifera coir dust extract was studied using weight loss and hydrogen evolution methods at 

30 and 60
o
C. It was found that the extracts of Cocos nucifera coir dust extract inhibited the 

corrosion of mild steel in this acid induced condition but the addition of iodide ions enhanced 

the inhibition efficiency to a considerable extent. The inhibition efficiency increases with 

increase in the iodide ion concentration and increases at a higher temperature [the value 

increases from 80.00% for the 0.5g/l extract concentration alone to 89.99% for the 

0.5g/l extract in combination the highest concentration of the iodide (5.0mM KI) at 

60oC], thus the addition of iodide ions to the Cocos nucifera coir dust extract enhanced 

the inhibition efficiency due to synergistic effect. The synergism parameter (S1) for the 

different concentrations of iodide ions from the two techniques employed is found to be 

greater than unity indicating that truly the enhanced inhibition efficiency of the extracts 

caused by the addition of iodide ions is due to synergism. The adsorption of coir dust 

extract and in combination of iodide ion on the mild steel follows Langmuir isotherm at 

two temperatures studied. Results obtained by these two techniques are in good 

agreement. Mechanism of chemical adsorption is proposed from the apparent 

activation energy (Ea) and the kinetic and thermodynamic parameters obtained. The 

adsorption of the Cocos nucifera coir dust extract on the mild steel surface is 

spontaneous.  
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1.0 INTRODUCTION 

 

The processes that result in substantial loss of the metals due to corrosion are prevalent in 

industries. These materials are used in different environments, exposed to strong acids and 

other corrosive solutions in operations such as acid pickling, industrial acid cleaning, 

cleaning of oil refinery equipment, acidization of oil wells, acid descaling, and also for the 

removal of undesirable oxide films and corrosion products. Mild steel, a typical example of 

the engineering material is a choice in the fabrication of structures, parts of machines, etc.[1]. 

The use of inhibitors is one of the most practical methods for protection against corrosion in 

closed systems, especially in acidic media [2–5]. Addition of inhibitor is necessary to secure 

the attack of metal; and organic compounds are widely used as corrosion inhibitors in acidic 

environments to reduce metal corrosion rate [6-8]. The principal function of the inhibitor is to 

barrier the metal surface and to prevent the access of aggressive ions in the corrosive 

environment on the metal substrate by the formation of an adsorptive film of a physical [9] or 

chemical [10] characters on the metal surface. Unfortunately, most of these inhibitors are 

non-renewable, relatively scarce, toxic, very expensive and environmentally unfriendly and 

due to the increasing environmental awareness and adverse effect of some chemicals, an 

alternative has to be sought to replace these set of inhibitors to foster environmental 

greenness and in recent times, attention is now turned to the natural products as possible 

corrosion inhibitors by researchers worldwide. These natural organic compounds are either 

synthesized or extracted from floral origin [11-15]. The use of natural products as corrosion 

inhibitors in various media have been widely reported by several authors. The corrosion 

inhibitive effect of Justicia gendarussa extract (JGPE) on mild steel in 1 M HCl medium was 

investigated by weight loss and electrochemical techniques [16]. Inhibition efficiency of 93% 

was achieved with 150 ppm JGPE at 25
o
C. The polarization studies showed that JGPE acted 

as mixed-type inhibitor. JGPE obeyed the Langmuir adsorption isotherm.. Xiang-Hong et al. 

[17], reported the inhibitive effect of Jasminum nudiflorum Lindl. leaves extract (JNLLE) on 

the corrosion of cold rolled steel (CRS) in 1.0 M hydrochloric acid, investigated by weight 

loss, potentiodynamic polarization, and electrochemical impedance spectroscopy (EIS) 

methods. The results showed that JNLLE was a very good inhibitor, and the inhibition 

efficiency increased with the concentration of JNLLE. The adsorption of JNLLE obeyed 

Langmuir adsorption isotherm. In a similar work [18], natural oil extracted from Pennyroyal 

Mint (Mentha pulegium, PM) was also evaluated as corrosion inhibitor of steel in molar 
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hydrochloric acid using weight loss measurements, electrochemical polarisation and 

Electrochemical Impedance Spectroscopy (EIS) methods. The natural oil was found to retard 

the corrosion rate of steel. The inhibition efficiency was found to increase with oil content to 

attain 80% at 2.76 g/L. PM oil acted like a cathodic inhibitor. The adsorption of the natural 

product on the steel surface was approximated using Temkin adsorption isotherm. Singh et 

al.[19] investigated the inhibition of the corrosion of mild steel in hydrochloric acid solution 

by the seed extract of Karanj (Pongamia pinnata) using weight loss, electrochemical 

impedance spectroscopy, potentiodynamic polarization, and linear polarization techniques. 

Inhibition efficiency was found to increase with increasing concentration of the extract. The 

adsorption of the extract on the mild steel surface obeyed the Langmuir adsorption isotherm. 

Polarization curves showed that Karanj (P. pinnata) seed extract behaved as a mixed-type 

inhibitor in hydrochloric acid. Corrosion literature has lists and descriptions of some other 

plants and plant products that exhibit corrosion inhibitive properties for mild steel in acidic 

solutions. In fact, Raja and Sethuraman [20] has published a comprehensive review of 

numerous plants used in various anticorrosion programmes so far reported. It was found that 

all the plant materials act as good corrosion inhibitor for metal corrosion in acidic media. The 

corrosion inhibition of these plants materials have been attributed to the presence of active 

compounds (phytochemicals) present in them. These phytochemicals form protective films 

on metal surfaces by coordinating with metal ions through the atoms or heteroatoms (O, S or 

N etc.) of the functional groups present in them [21]. Also, the use of plant products as 

corrosion inhibitors are justified by the phytochemical compounds present therein, with 

molecular and electronic structures bearing close similarity to those of conventional organic 

inhibitor molecules [22]. 

 

There exist a vast variety of synthetic and naturally occurring (plants and animals) 

corrosion inhibitors, but the final choice of the appropriate one for a particular 

corrosion application is influenced by some factors.  The question: which of them on 

this list of possible corrosion systems should be used for a study and what will be its 

specific mode of action or corrosion inhibition mechanism, is not always completely 

answered and the fact remains almost unclear. This anomaly in the choice of most 

acid inhibitors often necessitates the use of a combination of additives (usually 

halides) to provide multiple effects required for effective corrosion inhibition. For 

Umoren et al.[23], this has resulted to studying to identify co-operative (synergistic) 
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effects among corrosion inhibiting species. Synergism is an effective method to 

improve the inhibitive performance, to decrease the amount of usage and to diversify 

the application of inhibitor in acidic media. The presence of halide ions in solution has 

been found to stabilize the adsorption of some organic cations leading to improved inhibition 

efficiency. Synergism has become an increasing important phenomenon and serves as the 

basis for most modern corrosion inhibitor formulation [24]. Trials to enhance the 

performance of naturally occurring substances by addition of small amount of halide ions 

have been reported by some authors [12, 23-25]. The inhibitive effects for the halides 

generally have been observed to increase in the order Cl
-
 < Br

-
 < I

-
, with the iodide ion being 

the most effective. It is thought that the initial specific adsorption of the iodide ions on the 

metal surface facilitates the adsorption of organic cations by forming intermediate bridges 

between the charged metal surface and the positive end of the inhibitor. This results in the 

stabilization of the ions by means of electrostatic interaction with the inhibitor which leads to 

greater surface coverage and hence greater inhibition; and generally, the absorbability of this 

anion is related to the degree of hydration; the ease of adsorption may be due to its less 

degree of hydration [24]. Caliskan and Bilgic [25] showed that I
-
 alone polarizes both the 

anonic and cathodic reactions of iron over a wide potential range. It is apparent then that the 

effects of I
-
 are not due to electrostatic effects alone, but some covalent bonding to the metal 

must be involved including its large size and ease of polarizability of the ion to facilitate 

electron pair bonding too.  

 

Coir dust is a brown, microspongy particle of low weight which falls out when coconut fibre 

is shredded from the husk. Cocos nucifera (coconut nut) coir dust is extracted from the 

mesocarp of the fruit on milling through repeated shreading. It is highly porous with high 

quantity of lignin and cellulose [26]. Phytochemical screening in our laboratory has 

confirmed the strong presence of tannins, lignin, pectin, celluloses, hemicelluloses and to 

some extent extractives. The present work continues to focus on the application of plant 

extracts for metallic corrosion control and reports on the synergistic effect of iodide additive 

on the inhibiting effects of the Cocos nucifera coir dust extract for mild steel (1005 AISI 

Grade) corrosion in 1 M HCl solution at 30 and 60
o
 C using weight loss method and 

hydrogen evolution technique via gasometric assembly. 

 

2.0 EXPERIMENTAL 
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2.1 Materials 

The mild steel sheets used for this study were sourced locally. Each sheet was 0.04 

cm in thickness and has the following composition (wt %) [Table 1]. The remainder is Fe.  

Table 1: Elemental composition (wt %) of the Mild Steel (1005 AISI Grade) sample 

used in the study 

C Si Mn P S Cu 

0.13 0.18 0.39 0.40 0.04 0.025 

 

It was mechanically press cut into 5 × 4 cm coupons. They were abraded with 

different grades (# 400, 600, 800 and 1000) silicon carbide paper, degreased in absolute 

ethanol, dried in acetone and stored in a moisture-free dessicator prior to use. The corrosive 

medium was 1 M HCl (corrodent) prepared from 98% analytical grade supplied by Sigma-

Aldrich. Deionised water was used for the preparation of all reagents. The Cocos nucifera 

fruit (Figure 1) was collected and milled locally to get the coir dust from its thick mesocarp, 

and the method of preparation of its extract is similar to those previously reported [21, 27]. 

From the solid residue, 0.5g was weighed and then dissolved in one litre of 1 M HCl 

(corrodent) solution for weight loss and hydrogen evolution measurements.  

 

 

 

 

 

 

 

 

Figure 1.      A cross-sectional area of Cocos nucifera (coconut) fruit showing the mesocarp 

that contains the coir dust used in this study (A) an annotated diagram (B) a 

photograph 

 

2.2 Experimental procedures 

The concentration of the halide (KI) used for two techniques were 0.05 – 5.0mM for the 

synergistic studies in combination with 0.5g previously weighed into 1L of the corrodent. 

The apparatus and procedure followed for weight loss and hydrogen evolution methods were 

similar to that earlier reported [28-30]. In weight loss measurements, clean and weighed mild 

steel coupons in triplicates were totally immersed in the free acid solution in a stagnant 

aerated condition and in 1M HCl containing: 

 

(A) (B) 
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1. 0.5g of the Cocos nucifera coir dust extract 

2. The same concentraction of the extract in combination with varying concentration of 

the iodide (0.5 – 5.0mM).  

Weight loss measurements were conducted in a glass reaction vessel containing 150 ml 

of test solution and the mild steel coupons maintained at 30 and 60 
o
C. Tests were performed 

under total immersion in the absence and presence of the inhibitor. In each experiment, the 

cleaned and weighed aluminium coupon was suspended in the different test solutions with the 

help of glass rod and hook. The coupons were retrieved at 2 h interval progressively for 10 h, 

thoroughly cleaned and washed in 20% NaOH solution containing 200g/l of zinc dust at room 

temperature for 2 minutes to remove the corrosion products with bristle brush under running 

water, dried in acetone and reweighed, as previously reported [31], using digital analytical 

balance with sensitivity 0.1 mg. The difference in weight of the coupons before and after 

immersion in the test solutions was taken as the weight loss recorded. The values reported are 

average for three determinations. The reproducibility of the experiment was higher than 95%. 

The hydrogen evolution experiment was carried out in the presence of inhibitor Cocos 

nucifera coir dust extract and Cocos nucifera coir dust extract-Iodide mixtures. Results 

recorded are average values of three separate determinations. Detailed description of the 

hydrogen evolution assembly and the operational procedure has been reported elsewhere [32, 

33]. In this technique, the experiments were conducted and maintained at 30 and 60
o
C using a 

thermostated water bath. 

 

3.0 RESULTS AND DISCUSSION 

3.1. Weight Loss Measurements 

The corrosion of mild steel in 1M HCl in the absence and presence of Cocos nucifera coir 

dust extract and Cocos nucifera coir dust extract-iodide mixtures was investigated at 

temperature range of 30 and 60
o
C using weight loss measurements. Results of the present 

investigations involving Cocos nucifera coir dust extract indicate that inhibition efficiency 

increases with increase in extracts concentration and the maximum inhibition efficiency was 

obtained with 0.5 g/L concentration within the range of concentrations studied. This 

concentration was therefore chosen to evaluate the effect of iodide ion additive. Figure 2 

shows a representative plot of weight loss against time (hr) for mild steel in 1 M HCl solution 

containing no inhibitor (blank) and in the presence of 0.5g Cocos nucifera coir dust extract 

and the highest concentration of Cocos nucifera coir dust extract in combination with (0.05-

5.0) mMKI of the iodide at 30 and 60
o
C.  
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Figure 2: Plot of Weight loss against time for mild steel in 1 M HCl without and with 
Cocos nucifera coir dust extract and in combination with different 

concentration of KI at (A) 30 and (B) 60oC.  
 

The figure clearly shows a reduction in weight loss of the metal coupons in the presence of 

Cocos nucifera coir dust extract and iodide and when compared to the free acid solution 

(blank). Weight loss of the metal coupons varies linearly with time. Further reduction in 

weight was observed for mild steel in the test solution containing Cocos nucifera coir dust 

extract in combination with iodide ions with the most profound effect noted for Cocos 

nucifera coir dust extract-KI mixture.  

 

The calculated values of corrosion rate (mpy) and inhibition efficiency (%η) for mild steel 

corrosion in 1M HCl (blank) and in the presence of Cocos nucifera coir dust extract  and 

Cocos nucifera coir dust extract-halides mixtures at 30 and 60
o
C from the weight loss 

measurement are shown in Table 2.  

 

The corrosion rate and inhibition efficiency calculated using the following equations [34]. 

From the weight loss values, corrosion rates were computed using the mathematical 

expression: 

                   (1)  

where υ is the corrosion rate (mpy), ΔW is the weight loss of the mild steel coupon in (gdm-

3), A is the sectional area of the mild steel coupon in cm
2
 and t is the exposure time of the 

mild steel coupon in hour. The inhibition efficiency (η%) of the Sida acuta extracts was 

evaluated from the following equation: 

      (2) 

(A) (B) 
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where  and   are the corrosion rates of the aluminium coupons in the absence 

and presence of the inhibitors, respectively. 

The degree of surface coverage () was obtained from equation (3) 

                                                           (3) 

 

Table 2: Calculated values of corrosion rate and inhibitor efficiency for mild steel in 

0.5M HCl in the absence and presence of Cocos nucifera coir dust extracts at (30 and 

60)
0
C from weight loss and hydrogen evolution measurements. 

CONCENTRATI

ON 
CORROSION RATE 

INHIBITOR 

EFFICIENCY(%η) 

 

WEIGHTLOSS×1

0
-3 

(mm/yr) 

H2 

EVOLUTION×1

0
-2 

(cm
3
/min) 

WEIGHT 

LOSS 

H2 

EVOLUTIO

N 

 30
0
C 60

0
C 30

0
C 60

0
C 

30
0

C 

60
0

C 
30

0
C 60

0
C 

BLANK 9.911 24.444 0.349 15.566 - - - - 

0.5g/l 
4.053 4.889 0.205 4.522 

59.1

1 

80.0

0 
41.26 70.95 

0.5g/l+5.0 mMKI 
3.020 2.447 0.141 2.959 

69.5

3 

89.9

9 
59.60 80.99 

0.5g/l+2.5 mMKI 
3.270 3.613 0.172 3.392 

67.0

1 

85.2

2 
50.72 78.21 

0.5g/l+1.0 mMKI 
3.427 4.011 0.180 3.655 

65.4

2 

83.5

9 
48.43 76.52 

0.5g/l+0.5 mMKI 
3.579 4.583 0.197 3.913 

63.8

9 

81.2

5 
43.55 74.86 

 

Results shown in the table revealed that corrosion rates increase with increasing temperature 

for all the systems studied with the highest values (24.444 x 10
-3

 mpy)obtained at 60 
o
C both 

in the absence and presence of the extract. The lowest value of the corrosion rate was 

observed to be 3.020 x 10
-3

 mpy at 30
o
C obtained for Cocos nucifera coir dust extract-KI 

mixtures. Corrosion rates are observed to be lower in the inhibiting solutions containing 

extracts – KI combination than that of the extracts alone. 

 

It is seen from the data there has been an inhibiting effect at all the temperatures and the 

values of (%) increases with increase in temperature, thus, the inhibitor efficiency of the 

system was temperature-dependent. This trend could be due to the specific interaction 

between the mild steel surface and the inhibitor [35]. However, the increase of (%) with 

temperature increase is due to the changes in the nature of the adsorption mode, more 
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molecules of the inhibitor is being adsorbed at increased temperatures (chemisorption), thus 

mild steel inhibition is favoured at higher temperatures. The data in the table also indicate 

that inhibition efficiency increases with increase in the iodide concentration. The inhibition 

efficiency was found to synergistically enhanced in the presence of KI additive and increases 

with increase in KI concentration with the most profound effect noted with 5 mM KI 

concentration. For instance at 60
o
C, the inhibition efficiency obtained for 0.5g/L extract alone 

was 80.00% and addition of 5 mM KI to extract of the coir dust increased the value to 

89.99% (Table 2). 

 

Components of the extract adsorbed over the mild steel surface blocking the active sites in 

which direct acid attacks proceeds and protects the metal from corrosion. Some of these 

components have heteroatoms such as N and O in their molecules. Thus, the corrosion of 

mild steel may be attributed to the adsorption of Cocos nucifera coir dust extract components 

through these atoms, which are regarded as centers of adsorption onto the metal surface 

thereby creating barrier for mass and charge transfer and thus isolates the metal from further 

attack of the corrosive anions [36]. The inhibitor may then combine with freshly generated 

Fe
2+

 ions on the steel surface, forming metal – inhibitor complexes:  

Fe →Fe
2+

 + 2e     (4) 

Fe
2+

 + Inh(ads) → [Fe – Inh]
2+

(ads)   (5) 

The resulting complex could, depending on its relative solubility, either inhibit or catalyze 

further metal dissolution; hence the integrity depends on the environment capacity to dilute it. 

The results obtained so far suggest that the components of the extract from Cocos nucifera 

coir dust exhibited good inhibition efficiency during mild steel corrosion in 1M HCl solution. 

Owing to the complex chemical composition of the Cocos nucifera coir dust extract, it is 

quite difficult to assign the inhibitive effect to a particular constituent. Initial phytochemical 

analysis of the Cocos nucifera coir dust extract identified the presence of tannins, lignin, 

pectin, celluloses, hemicelluloses and to some extent extractives. Mutual adsorptive effects of 

these compounds and other components present in the Cocos nucifera coir dust extract cannot 

be ruled out in the adsorption process. The adsorption of these components on the mild steel 

surface reduces the surface area available for corrosion [37, 38]. Further investigation using 

surface analytical techniques will enable the characterization of the active materials in the 

adsorbed layer and identification of the most active species. 
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3.2 Hydrogen Evolution Measurements 

Since hydrogen evolves in metal corrosion processes, the inhibition of corrosion should have 

inhibited also the hydrogen evolution. The presence of corrosion inhibitors may substantially 

affect the hydrogen ingress processes. Therefore, the mutual influence of inhibitors on the 

corrosion and on the hydrogen evolution should be studied. The Hydrogen evolution 

technique provides a rapid and reliable means of ascertaining any perturbation by 

the inhibitor with regard to gas evolution at the metal corrodent interphase [38, 39]. 

The net redox reaction representing the reaction of iron in acidic solutions results in the 

hydrogen evolution
41

: 

Fe + 2H
+
 → Fe

2+
 + H2   (6) 

The hydrogen evolution (corrosion rates) rates of mild steel in the absence and 

presence of the extracts of Cocos nucifera coir dust and the extracts – KI combination 

were assessed by monitoring the volume of hydrogen gas evolved at fixed time 

intervals. Hydrogen evolution rate ( ) which can be correlated to the mild steel corrosion 

rate was computed based on the volume of H2 evolved using the expression: 

     (7) 

 

where Vt and Vi are volumes of hydrogen evolved at times Tt and Ti , respectively. The 

inhibition efficiency (%) was computed using the equation: 

   (8) 

 

where  and  are the rate of hydrogen evolution in the absence and presence of 

the inhibitors, respectively. The volume of hydrogen evolved, Vt , during the dissolution of 

mild steel in 1M HCl solutions in the absence and presence of Cocos nucifera coir dust 

exudate, iodide and Cocos nucifera coir dust-iodide mixtures at 30
o
C was measured as a 

function of time (Figure 3).  

 

The presence of Cocos nucifera coir dust decreases markedly the volume of H2 evolved 

compared to the blank, and therefore inhibited mild steel corrosion in the acidic solution. 

Further reduction in the volume of H2 was also observed on the addition of iodide at 30
o
C. 

Similar trends were observed at 60
o
C. Comparison of inhibition efficiencies calculated from 

the weight loss and hydrogen evolution methods at 30
o
C are given in Table 2. The two 

techniques give almost similar values of inhibition efficiency but the values of inhibition 
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efficiency obtained from hydrogen evolution method are lower. This may be attributed to the 

difference in time required to form an adsorbed layer of the inhibitor on the metal surface that 

can inhibit corrosion [39]. The corrosion rates of mild steel in the absence and presence of 

Cocos nucifera coir dust extracts and the extracts – KI combination were assessed by 

monitoring the volume of hydrogen gas evolved at fixed time intervals. Figure 3 shows the 

variation of the volume of the hydrogen gas evolved as a function of reaction time at 30 and 

60
o
C for mild steel in 1 M HCl without and with 0.5 g extract and this concentration of the 

extract in combination with different concentrations of KI. It is observed from the figures that 

the volume of hydrogen gas evolved varies linearly with time and was less in the presence of 

Cocos nucifera coir dust extracts compared to the blank solution. Further reduction in the 

volume of hydrogen gas evolved is noticed on the introduction of iodide ions to inhibited 

solutions containing the extracts of the plant part. Also the volume of H2 evolved increases 

with temperature rise. Table 2 presents the computed values of the hydrogen evolution rate 

and inhibition efficiency of the various additives. Results in the table reveal that the rates of 

hydrogen evolution were reduced on introduction of the Cocos nucifera coir dust extract to 

the uninhibited solution. 

 

Figure 3: Plot of Volume of Hydrogen evolved against time for mild steel in 1 M 
HCl without and with Cocos nucifera coir dust extract and in combination 
with different concentration of KI at (A) 30 and (B) 60oC.  

 

The decrease in the hydrogen evolution rate observed for the extract-KI combination for the 

plant indicates enhancement of inhibitory action of Cocos nucifera coir dust extract in the 

presence of the iodide ions. The highest value for the hydrogen evolution rate was obtained at 

30
o
C for all the systems investigated. This suggests that the components of the plant part 

extract are adsorbed onto the metal surface and block the electrochemical reaction efficiently 

(A) (B) 



 
 

Page 349 
 

INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC AND TECHNICAL RESEARCH 
 

ISSUE2, VOLUME 1 (FEBRUARY 2012)                                                                                                               ISSN: 2249-9954 

by decreasing the available surface area. The values of inhibition efficiency are also listed in 

Table 2 and can be seen to follow the trend reported for weight loss measurements. It 

synergistically increased on addition of iodide ion to both the Cocos nucifera coir dust extract 

but decrease with increasing temperature. The inhibition efficiency of the two independent 

methods used in this study is different. The values for the hydrogen evolution method are 

lower than that of the weight loss technique. This may be attributed to difference in 

immersion time needed for the inhibiting species to get adsorbed and form a protective film 

on the mild steel thereby insulating the metal from attack of the aggressive anions present in 

the solution. Also, it has been argued that corrosion rate values from gasometric method 

represents instantaneous values while those from the gravimetric method represents average 

values [21,39,40]. 

3.3 Effect of iodide ion addition 

Results obtained in the present study clearly show that the inhibition efficiency of the Cocos 

nucifera coir dust extract were greatly enhanced on addition of iodide ions and could be 

ascribed to a synergistic effect. Halides have been reported to inhibit the corrosion of some 

metals in strong acids, and this effect depends on the ionic size and charge, the electrostatic 

field set up by the negative charge of the anion on adsorption sites and the nature and 

concentration of the halide ion [41]. The radii of ions may have an important role to play. For 

example, the iodide ion (radius: 135 pm) is more predisposed to adsorption than is the 

bromide ion (radius: 114 pm) or the chloride ion (radius: 90 pm).  

From Table 3, it is seen that the inhibition efficiency of 0.5g/l Cocos nucifera coir dust 

extract attains a maximum value of 80.00% at 60
o
C.  

 

Table 3: Synergism parameter (S1) different concentrations KI with 0.5g/l Cocos 

nucifera coir dust extract (inhibitor) from weight loss measurements and hydrogen 

evolution at 60
o
C 

KI Concentration 
(mM) 

Synergism Parameter (S1) 

Weight loss Hydrogen 
evolution 

5.0 1.77 1.85 

2.5 1.87 1.92 

1.0 1.90 1.96 

0.5 1.96 2.00 

 

The addition of different concentration of KI increases the values in the acid solution. KI 

addition enhances the value of inhibition efficiency significantly up to approximately 90.00% 

at 60
o
C. This synergistic effect is found to increase with increase in the concentration of the 
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KI. The strong chemisorptions of iodide ions on the metal surface is responsible for the 

synergistic effect of iodide ion, in combination with the components of the Cocos nucifera 

coir dust extract in their cationic forms [41, 42]. The molecules of these phytochemicals 

inherent in the plant extract are then adsorbed by coulombic attraction on the metal surface 

where iodide ions are already adsorbed by chemisorptions. Obot et al
43

 has explained that the 

stabilization of adsorbed iodide ions with inhibitors in cationic forms leads to greater surface 

coverage and hence, a greater inhibition efficiency. The synergistic parameters were 

calculated using the relationship initially given by Aramaki and Hackerman and reported 

elsewhere [25, 43]: 

                     (9) 

where I1+2 = (I1 + I2); I1 = inhibition efficiency of the iodide (%η=78%); I2 = inhibition 

efficiency of 0.5g/l Cocos nucifera coir dust extract; I” = measured inhibition efficiency for 

the Cocos nucifera coir dust extract in combination with iodide ions. S1 approaches 1 when 

no interaction between the inhibitor compounds exists, while S1 > 1 points to a synergistic 

effect. In the case S1 < 1, the antagonistic interaction prevails, which may be attributed to 

competitive adsorption.  

 

Values of S1 for different concentrations of Cocos nucifera coir dust extract in combination 

with iodide ion are given in Table 3. S1 values given in the Table are more than unity, thereby 

suggesting that the enhanced inhibition efficiency caused by the addition of iodide ions to 

Cocos nucifera coir dust extract is only due to synergistic effect. Thus, it can be suggested 

that iodide ion (I
‒
) is initially adsorbed on the metal surface, components of the Cocos 

nucifera coir dust extract in the form of cation are then adsorbed by the coulombic attraction 

on the metal surface, where the iodide ions are already chemisorbed and thus suppresses the 

self-corrosion rate by the stabilization of the adsorbed anion and by the increase in surface 

coverage. It is thought that the iodide ions are able to improve adsorption of the organic 

cations in solution 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 and 

these anions [44]. Furthermore, the organic cations of the components Cocos nucifera coir 

dust extract themselves are weakly adsorbed on steel, since the metal surface is positively 

charged in HCl solution. However, adsorption of iodide ion caused a decrease in the positive 

charge of mild steel due to formation of Fe-anion surface bond, which produces a negative 
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pole, facilitating the adsorption of the organic cation [45]. The calculated values of S1 for the 

different concentrations of iodide ion from the two techniques employed in the study are 

listed in Table 3. These values are greater than unity which suggests that the enhanced 

inhibition efficiency caused by the addition of iodide ions to the extracts is only due to 

synergistic effect. 

3.4 Adsorption, Kinetic and Thermodynamic considerations 
 
Because the mechanism of the interaction between inhibitor and the metal surface can be 

explained using adsorption isotherms, a direct relationship between inhibition efficiency (%η) 

and the degree of surface coverage () can be assumed for different concentrations of the 

inhibitor from Equation 3 [46]. Data obtained from weight loss measurements were tested 

graphically for fitting various adsorption isotherms and kinetic-thermodynamic models 

including Langmuir, Freundlich, Hill de Boer, Parsons, Frumkin, Temkin etc. By far, the 

experimental data for the extract of this plant and the extract‒KI mixtures, best fit the 

Langmuir isotherm (Figure 4) with a clarified relationship between degree of surface 

coverage, ,  and the inhibitor concentration, C.  

 

 

Figure 4: Langmuir adsorption isotherm model for mild steel in 1 M HCl containing 

Cocos nucifera coir dust extract at 30 and 60
 o
C 

 

 

The correlation coefficient R
2
 was used to determine the fitting of the experimental data to 

this unique isotherm. This isotherm which is characterized by the mathematical model below 

is based on the assumption that all the adsorption sites are equivalent and that the particle-

binding occurs independently from the nearby sites being occupied or unoccupied [47].  
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1

ads

C
C

K
        (10) 

Figure 4 shows the plot of log C/ against C for Cocos nucifera coir dust extract at (A) 30
o
C 

and (B) 60
o
C. Linear plots were obtained for the different systems studied indicating that the 

experimental results relating the adsorption of the plant extracts can be approximated by 

Langmuir adsorption isotherm. The adsorption parameters derived from the plot are listed in 

Tables 4  

         (11) 

Table 4. Adsorption parameters from Langmuir isotherm for Cocos nucifera coir dust 

extract and extract‒KI mixtures in 1 M HCl for mild steel corrosion at 30 and 60 
o
C. 

Temperature (
o
C) G

o
ads  

(kJ mol
–1

) 

Kads Slope R
2
 

30 –8.158 0.4594 1.706    0.95 

60 –9.574 0.5721 1.349 0.96 

 

Results in the Table indicate that Kads values whose values indicate the binding power of the 

inhibitor to the metal surface [48] are seen to increase with increasing temperature. Such 

behaviour can be interpreted on the basis that an increase in temperature results in the 

adsorption of more components of the Cocos nucifera coir dust extract on the metal surface 

and is consistent with the proposed chemisorption mechanism. These results confirm the 

suggestion that this inhibitor is chemically adsorbed and the strength of adsorption increases 

with temperature. However, the calculated values of Kads and G
o
ads, from equation 11, were 

found to be 0.4594 gL
–1

 and –8.158 kJ mol
–1

, respectively for the Cocos nucifera coir dust 

extract and extract – KI mixtures correspondingly at 30
o
C; as well as 0.5721 and –9.574 kJ 

mol
–1

 were obtained, respectively at 60
o
C. It is seen that the values of the ΔG

o
ads in all the 

cases are negative. The negative values signify a spontaneous adsorption of the inhibitor 

molecules and stability of the adsorption layer. Again the values of ΔG
o
ads indicate that the 

inhibitors function by chemically adsorbing on the metal surface. Generally, values of ΔG
o
ads 

up to –20 kJ mol
–1

 are consistent with electrostatic interaction between charged molecules 

and a charged metal (which indicates physical adsorption) while those more negative than –

40 kJ mol
–1

 involves charge sharing or transfer from the inhibitor molecules to the metal 

surface to form a co-ordinate type of bond, which indicates chemsisorption [49]. Results 

presented in the Table indicate that the values of ΔG
o
ads for all the systems studied lie 

between –8.0 and –10.0 kJ mol
–1

 from the extracts alone, signifying spontaneous adsorption 

of the additives via physisorption mechanism.  Although the increase in inhibition efficiency 
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with increase in temperature suggests chemisorption of Cocos nucifera coir dust components 

onto mild steel surface, the values of free energy of adsorption seems to suggest otherwise. 

This discrepancy could be attributed to the fact that there are many limitations on the 

application of Langmuir adsorption isotherm for the analysis of inhibition phenomena and 

related data. Some of these limitations are that simple adsorption is applicable only under the 

following conditions that the adsorbate is specifically adsorbed; the standard free energy of 

adsorption must be independent of the degree of coverage; the surface of the metal must 

homogeneous and there must be no surface diffusion of the adsorbed compounds [50]. In 

addition, the adsorption may be highly selective with electrode reaction and may be potential-

dependent, and the adsorbates may be competitive with water molecules. However, according 

to the variation of these adsorption data for each temperature, the inhibitory action of Cocos 

nucifera coir dust extract is more favourable at higher temperature. 

 

Unaguably, the temperature dependence of the inhibiting effect and the comparison of the 

values of the apparent activation energy of the corrosion process in absence and presence of 

inhibitors can provide further evidence concerning the mechanism of the inhibiting action 

[51, 52]. It also influences adsorption kinetics and equilibria. From Table 2, corrosion  rate 

with the temperature increase was studied in 1 M HCl, both in the absence and in the 

presence of different concentrations of Cocos nucifera coir dust from the weight loss methods 

at 30 and 60
o
C and the activation parameters for the corrosion process were calculated from a 

Arrhenius-type plot according to the equation: 











211

2 11
4342.0log

TTR

E

U

U a  (12) 

where U1 and U2 are the corrosion process rates at temperature T1 and T2 respectively, and R 

the molar gas constant. The calculated values of activation energy, Ea are listed in Table 5.  

Table 5: Calculated values of Activation parameters (Activation energy (Ea) and 
Heat of adsorption (Qads)) for mild steel corrosion in 1 M HCl without and with 
Cocos nucifera coir dust extract and extract‒KI mixtures at 30 and 60 oC. 

System/concentration Ea(kJ/mol) 

(30 and 60)oC 

Qads (kJ/mol) 

(30 and 60)oC 

Blank 25.249 – 

0.5 g/l 7.245 22.459 
0.5 g/l+0.5mMKI 
0.5 g/l+1.0mMKI 
0.5 g/l+2.5mMKI 
0.5 g/l+5.0mMKI 

6.916 
4.401 
2.789 
1.884 

25.051 
27.700 
29.179 
38.346 

 



 
 

Page 354 
 

INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC AND TECHNICAL RESEARCH 
 

ISSUE2, VOLUME 1 (FEBRUARY 2012)                                                                                                               ISSN: 2249-9954 

Inspection of the data shows that the activation energy is lower in the presence of inhibitors 

than in its absence. The decrease in Ea with Cocos nucifera coir dust extract concentration ( 

as in Table 5) is typical of chemisorption and the higher activation energy value, Ea in the 

presence of Cocos nucifera coir dust extract supports the results obtained from the techniques 

used in this study indicates the higher inhibition efficiency of the inhibitor [53]. For Eduok 

et al. [39], the decrease of the inhibitor efficiency with temperature rise, which refers 

to a higher value of Ea, when compared to that in an acid with no inhibitor, is 

interpreted as an indication for an electrostatic character of the inhibitor’s adsorption. 

The lower value of Ea in an inhibited solution when compared to that for an 

uninhibited one shows that strong chemisorption bond between the inhibitor and the 

metal is highly probable [54]. Heat of adsorption (Qads) was evaluated from the kinetic 

thermodynamic model to further gain insight into the adsorption mechanism using the 

expression below [43, 55, 56]. 

1

12

21

1

1

2

2

11











































 kJmol

TT

TT
xInIn

R

Q Xads








       (13) 

where 1  and 2 are the degrees of surface coverage at temperatures T1 and T2, The 

calculated values for both parameters are given in Table 5. The positive Qads values indicate 

that the inhibition efficiency (%η) increased with rise in temperature with increase in the 

concentration of the iodide ions, supporting the earlier proposed chemisorption mechanism 

for Cocos nucifera coir dust extract [57]. 

 

4 CONCLUSIONS 

 

The corrosion inhibitive effect of Cocos nucifera coir dust extract for mild steel in 1 M HCl 

has been assessed using weight loss and hydrogen evolution techniques at 30 and 60
 o

C and 

the results obtained showed that: 

1. Cocos nucifera coir dust extract acts as a good corrosion inhibitor for acid induced 

corrosion of mild steel.  

2. The inhibition efficiency increased on addition of iodide ions due to synergistic effect 

and increased with rise in temperature. The inhibition was assumed to occur via 

adsorption of the Cocos nucifera coir dust extract components (phytochemicals) on 

the metal surface.  
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3. The adsorption characteristics of Cocos nucifera coir dust extracts on the mild steel 

surface were approximated by Langmuir adsorption isotherm, and it obeyed and fitted 

this model.  

4. The synergism parameter (S1) evaluated for different concentrations of KI was found 

to be greater than unity showing that the enhanced inhibition efficiency of Cocos 

nucifera coir dust extracts on addition of iodide ions was due to synergistic effect.  

5. Chemical adsorption mechanism is proposed from the trend of inhibition efficiency 

with temperature which is also corroborated by kinetic and thermodynamic 

parameters obtained. 
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