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ABSTRACT 

Citrullus lanatus was tested for its suitability as an Inhibitor on Mild Carbon Steel in a Carbon (IV) Oxide (CO2) saturated saline 

solution. The mechanism of corrosion was investigated with and without Inhibitor additive in order to compare the effectiveness 

of the Inhibitor. Thermodynamic computations namely Enthalpy, Entropy and Gibbs free energy were used to determine the 

Inhibitive property of the Citrullus lanatus Extract.  In addition, four Kinetic Models namely; Langmuir, Temkin, Flory-Huggins 

and Frumkin were also used to fit the experimental data. Gas Chromatography Mass Spectroscopy and Fourier Transfer Infrared 

Spectroscopy were used to characterize the Watermelon Seed Extract. Analysis of the results shows that Inhibitor efficiency 

decreases with increasing Temperature. The result also shows Inhibition efficiency within the range of 17.39%-71.79%. From the 

Result, the test sample without Inhibitor has the least Activation Energy in comparison with those with Inhibitor additives. The 

investigation also revealed that the Frumkin model at 50oC best fits the Experimental data with a Coefficient of determination, R2 

of 99.9%, though; the other Models also fit the Experimental data. 
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_______________________________________________________________________________________________ 

1.0 INTRODUCTION 

Daily Activities at the Industrial Environment from Exploration to Transportation ensures that there are movements of Industrial 

goods in an Environment that has Corrosion inducing properties due to the complex mixture of substances such as; Water, Mineral 

Acids, Oxygen, Carbon (IV) Oxide, Hydrogen Sulphide etc. (Singh et al., 2013). 

It is therefore necessary for these Industrial goods to be transported around with Materials that have high corrosion resistance. 

Carbon Steel are widely used for the construction of Pipelines and other Equipment that is being used for production and 

Transportation of Industrial goods such as; Oil, Gas, Chemicals etc. Carbon Steel is considered as good alternative in this regard 

because of their relative cost and availability in comparison with Expensive Alloys. Notwithstanding, Carbon Steel are easily 

prone to corrosion attack because of their low resistance to corrosion (Fang et al., n.d.) 

Several factors such as; pH, Temperature, Time etc. also affect the Corrosion behaviour of Carbon Steel. 

The dangers associated with Corrosion could be Loss of Industrial goods through leakages, accident and eventually loss of 

revenues (Chesnokova et al., 2016). Due to the associated problems with corrosion, Industries mostly spend large percentage of 

their maintenance budget on Corrosion prevention and control (Bashir, et al., 2017 : Hassan et al., 2016; Tasić et al., 2018).  

In order to successfully carryout effective corrosion prevention control on Carbon Steel, it is necessary to select Corrosion 

Inhibitors that are cost effective, environmentally friendly and easily available. 

This study aims to investigate the Inhibitive properties of Citrullus lanatus seed extract on A36 Carbon Steel in a CO2 saturated 

saline solution from a Thermodynamic and Kinetic Model approach. 
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(Go et al., 2020) also have shown that Iron Carbonate (FeCO3) precipitation kinetics is extremely temperature-sensitive. At low 

temperatures (< 60
o
C) Iron Carbonate does not adhere to the surface and is transported away from the surface by fluid movement.  

2.0 EXPERIMENTAL 

2.1 Materials and Solution 

The specification of Carbon Steel used was ASTM A36 Carbon Steel. The A36 Carbon Steel has the following chemical 

composition;  

                                 Table 2.1: Chemical composition of the ASTM A36 Carbon Steel 

Element 

Symbol 

Element 

Name 

Atomic 

Conc. 

Weight 

Conc. 

Fe Iron 80.38 85.10 

Ru Ruthenium 1.33 2.55 

Cl Chlorine 3.21 2.16 

Nb Niobium 0.90 1.59 

Ag Silver 0.77 1.57 

Si Silicon 2.06 1.10 

Ca Calcium 1.26 0.96 

Na Sodium 2.05 0.89 

K Potassium 1.20 0.89 

S Sulphur 1.37 0.83 

Mg Magnesium 1.58 0.73 

Al Aluminium 1.22 0.62 

P Phosphorus 1.01 0.60 

C Carbon 1.09 0.25 

O Oxygen 0.58 0.17 

     Coupons of size 20mmx40mmx2mm were produced from the A36 Carbon Steel by cutting out the stated size. The Coupons were 

thoroughly cleaned with distil water and Acetone prior to setting up the experiment. 

Citrullus lanatus (Watermelon) seed was purchased from the Local Market in Warri, Delta State, Nigeria. It was washed with 

water to remove debris and oven dried at mild temperature (50
o
C) to reduce water content and not to destroy the phytochemical 

properties. The dried seeds were grounded with a mechanical grinder to increase the surface area and then, it was subject to 

solvent extraction with a Soxhlet apparatus using n-hexane as the extraction solvent. 

A 3.5wt% of Sodium Chloride, NaCl solution was prepared by dissolving 3.5g analytical grade sodium chloride in a 100ml 

standard volumetric flask using distilled water. This solution was saturated by bubbling CO2 gas through it at a constant rate after 

it has been deoxygenated. The solution was saturated with CO2 gas when the pH became constant at 3.5. 

 

2.2 EQUIPMENT 

The apparatus used includes, dry oven, Soxhlet apparatus, gas cylinder, beaker, hot water bath, measuring cylinder, analytical 

weighing balance, and freeze dryer. 
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2.3 WEIGHT LOSS MEASUREMENT 

Weight Loss Experiment was conducted by inserting the 20mmx40mmx2mm A36 Carbon Steel Coupon in the 3.5wt% NaCl 

solution that has been saturated with CO2 gas. The experiment was conducted with (50ppm, 100ppm, 150ppm and 200ppm) and 

without the green Inhibitor in order to ascertain the effectiveness of the Inhibitor. The experiment was also investigated at 

different set temperature namely 40
o
C, 50

o
C, 60

o
C, 70

o
C and 80

o
C in order to investigate the effect of Temperature on the 

Inhibitive property of the Citrullus lanatus Extract. Parameters such as Corrosion rate, Inhibition efficiency and Weight Loss were 

computed. The effect of the varying Inhibitor concentration was also investigated. 

2.4 Thermodynamic Study 

It is a well-known fact that the effect of temperature is highly complex but it provides the possibility of calculating the 

thermodynamic adsorption and kinetic corrosion parameters, which helps in determining the type of adsorption of the studied 

inhibitor as earlier reported by (Chakravarthy and Mohana, 2014). Different pH was also tested in order to compare the effect of 

pH on the Inhibition property of the Citrullus lanatus Seed Extract. 

Activation Energy is a very important factor to consider when conducting Corrosion experiment and this is because for corrosion 

to occur, the minimum activation energy of the medium has to be overcome (Oguntade et al., 2020). The Activation Energy was 

calculated using the Computational Equation below; 

        
   

       
               2.1 

Where; 

   The activation energy of the reaction 

R  The universal gas constant (8.314 J/mol) 

   The corrosion rate 

 T   Temperature 

In addition, The Enthalpy and Entropy of the system was also calculated in order to ascertain the nature of the corrosion reaction 

and the degree of disorderliness of the system. The Enthalpy and Entropy were calculated using the relationship below; 

     
  

 
      (

 

  
)  

     

      
 

     

      
         (2.2) 

Where;   

  Avogadro‘s Number (6.02252 x 10
23

 mol
-1

) 

R  The universal gas constant (8.314 J/mol)  

    Plank‘s constant (6.626176 x 10
34

Js) 

 T   Temperature 

(        Enthalpy of the system 

(        Entropy of the system 

2.5 Adsorption Isotherm 

Langmuir, Temkin, Flory Huggins and Frumkin Adsorption Isotherm were utilized for this study in order to investigate the nature 

of the Adsorption in the Corrosion process and also to investigate the Models that closely fit the Experimental Data. 

The Langmuir Adsorption Isotherm was determined using the equation below; 

 

 
= K+C            (2.3) 
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Where;   

  Inhibitor concentration 

  Degree of surface covered by the inhibitor 

  Adsorption equilibrium constant 

The Temkin isotherm is given by   

  = −2.303 log K/2a − 2.303 log C/2a                                                         (2.4) 

Where, C is the inhibitor concentration,   is the degree of surface covered by the inhibitor, K is the adsorption equilibrium 

constant and a is the attractive parameter.   

The Flory-Huggins isotherm is given by   

Log ( /𝐂) = log K+ X log (1 − )                                                                   (2.5) 

Where C is the inhibitor concentration,   is the degree of surface covered by the inhibitor, K is the adsorption equilibrium 

constant and x is the size parameter.  

The Frumkin isotherm is given by   

Log(C ∗  1− ) = 2.303 log K +2 ∝                             (2.6) 

Where C is the inhibitor concentration,   is the degree of surface covered by the inhibitor, K is the adsorption-desorption constant 

and ∝ describes the interaction in the adsorbed layer (lateral interaction term).  

2.6 FTIR Analysis 

Fourier Transfer Infrared Spectroscopy analysis was conducted in order to determine the functional groups that are present in the 

Inhibitor. This is also important in corroborating the Inhibitive property of the Citrullus lanatus seed Extract particularly in 

examining the type of bonding that will exist between the Inhibitor and the Metal surface (Donatus et al., 2017; Taheri et al., 

2017; Veneranda et al., 2016). 

3.0 RESULTS AND DISCUSSION 

3.1 Weight Loss Measurement 

Temperature is a dominant factor in determining the rate of Corrosion in a Carbon dioxide Saline solution due to its conflicting 

factor (Afolabi et al., 2020). Generally, at low pH, increase in Temperature increases the precipitation of Hydrogen Ion which is 

unfavourabe for the protective film covering but at high pH, increase in Temperature increases the formation, density and 

insolubility of the Iron Carbonate layer which provides the protective film covering on the metal surface (Durowaye et al., 2014) 

Table 3.1: Corrosion Rate and Inhibitor Efficiency at Temperature 40
o
C and pH 3.15 

Concentration (mg/L) Weight Loss Corrosion Rate 

(mm/hr) 

Inhibitor Efficiency (%) 

0 (Control) 0.37 0.565 0 

50 0.13 0.198 64.86 

100 0.11 0.168 70.27 

150 0.11 0.168 70.27 

200 0.14 0.214 62.16 

 

Table 3.1 represents the Corrosion rate and the Inhibitor (Citrullus lanatus) efficiency when the solution is fully saturated at a pH 

of 3.15 and using a set Temperature of 40
o
C. From Table 3.1, the Corrosion rate decreases from 0.57mm/hr. to 0.21mm/hr with an 

Inhibitor concentration of 0mg/L (Control) and 200mg/L respectively. The reason for this, is because, the solution with Inhibitor 

helps to prevent the Solubility of Iron Carbonate on the surface of the Coupons due to the protective film covering that was 

provided by the Inhibitor in comparison to the solution without an Inhibitor (Control) (Abdullahi et al., 2020; Oloruntoba et al., 
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2020; Oluyori et al., 2020). Observation similar to this was also reported by (Tariq Saeed et al., 2020). Furthermore, a closer 

observation of the result shows that there was a progressive decrease of Corrosion rate (0.198mm/hr to 0.168mm/hr) as the 

inhibitor concentration increases from 50mg/L to 100mg/L and almost became steady at 150mg/L, then, the corrosion rate 

increased when the Inhibitor Concentration was increased further to 200mg/L. Similar observation was also reported by 

(Oguntade et al., 2020) . This shows that when the Solution is fully saturated with CO2 gas at a Temperature of 40
o
C, Inhibitor 

concentration should not exceed 150mg/L in order to have an effective Corrosion control on the Carbon Steel since increasing the 

Inhibitor concentration further, will result in an increase in the Corrosion rate which is not suitable for design of process systems 

that can control the rate of Corrosion of Carbon Steel using Citrullus lanatus Seed Extract as the Inhibitor (Onyeachu et al., 2019). 

More so, this observation is clearly supported from the results of the Inhibitor efficiency. From Table 3.1, the Inhibitor efficiency 

increases from 0 (Control, without Inhibitor) to 64.86% (50mg/L Inhibitor Concentration) and almost became steady (70.27%) 

from 100mg/L to 150mg/L of Inhibitor Concentration and gradually decreased to 62.16% at Inhibitor Concentration of 200mg/L. 

Observation similar to those presented here was also reported by (Oyekunle et al., 2019). 

Table 3.2: Weight Loss, Corrosion Rate and Inhibitor Efficiency at Temperature 50
o
C and pH 3.15 

Concentration (mg/L) Weight Loss Corrosion Rate 

(mm/hr) 

Inhibitor Efficiency (%) 

0 (Control) 0.39 0.59 0 

50 0.23 0.35 41.02 

100 0.18 0.27 53.85 

150 0.14 0.21 64.1 

200 0.11 0.17 71.79 

 

The result for the Corrosion rate and Inhibitor efficiency at a pH of 3.15 and Temperature of 50
o
C is shown in Table 3.2. The 

results show that Corrosion rate decrease was steady as Inhibitor Concentration increases. This observation is also supported by 

the Inhibitor efficiency trend from figure 4.5 which shows a steady increase as the Inhibitor Concentration increases (50mg/L, 

100mg/L, 150mg/L, and 200mg/L). (Ibrahim et al., 2017) proposes that Corrosion rate decreases as Inhibitor concentration 

increases at a higher Temperature because as the Temperature increases to 50
o
C, the reduction reaction which accelerates the rate 

of corrosion decrease in the medium, increases because the increased concentration of the Inhibitor provides more protective film 

covering which is necessary for corrosion control. Similar view was also investigated by (Fiori-Bimbi et al., 2015; Souza et al., 

2020) 

Table 3.3: Corrosion Rate and Inhibitor Efficiency at Temperature 60
o
C and pH 3.15 

Concentration (mg/L) Weight Loss Corrosion Rate 

(mm/hr) 

Inhibitor Efficiency (%) 

0 (Control) 0.42 0.64 0 

50 0.27 0.41 35.71 

100 0.24 0.36 42.86 

150 0.15 0.23 64.29 

200 0.16 0.24 61.9 

 

The trend in Corrosion rate decrease and the Efficiency of the Inhibitor at a temperature of 60
o
C when the solution was fully 

saturated with CO2 at a pH of 3.15 is as shown in figure Table 3.3. The results (Table 3.3) show that there was a continuous 

decrease in Corrosion rate and continuous increase in the Inhibitor efficiency as the Inhibitor concentration increases. This shows 

that even though at a pH of 3.15 when the reduction of Hydrogen ion is supposed to be the rate controlling mechanism of the 

reaction, thus, causing an increase in the corrosion rate, the increase in Temperature to 60
o
C, enables a faster precipitation of the 

corrosion protective film which further ensures that more protective films are being formed that spread across the coupon giving 

room for only localised corrosion to occur (Li et al., 2019; Rivera-Grau et al., 2012). This observation was supported by 

(Gunavathy and Murugavel, 2012) which suggested that more corrosion protective film is being precipitated in a solution with 

Inhibitor as temperature is being increased from 20
o
C. A comparison of this observation with the Control solution without 

Inhibitor (0mg/L Inhibitor concentration) from figure 4.9 shows that the solution without an Inhibitor has the highest corrosion 

rate and this is because as the hydrogen ion concentration is dominant in the medium, there was no protection for the Coupon 

giving room for the corrosion product to attack the entire surface of the Coupon which further leads to a general corrosion taking 

place (Tasić et al., 2018) . Observation similar to this was also reported by (Palumbo et al., 2019). 
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Table 3.4: Corrosion Rate and Inhibitor Efficiency at Temperature 70
o
C and pH 3.15 

Concentration (mg/L) Weight Loss Corrosion Rate 

(mm/hr) 

Inhibitor Efficiency (%) 

0 (Control) 0.23 0.34 0 

50 0.19 0.28 17.39 

100 0.19 0.28 17.39 

150 0.15 0.23 34.78 

200 0.11 0.17 24.83 

 

The results for the variation of corrosion rate and the inhibitor efficiency with Inhibitor concentration is as presented in Table 3.4. 

The result shows an increasing trend of Inhibitor efficiency from Inhibitor concentration 0mg/L (Control) to Inhibitor 

concentration 100mg/L, with a slight decrease at Inhibitor concentration 150mg/L and a continuous increase at 200mg/L. The 

result also shows that the corrosion rate decreases from Inhibitor concentration 0mg/L (control) to 100mg/L with a slight increase 

at 150mg/L and a downward decrease at 200mg/L. The reason for slight changes of the Inhibitor behaviour at Concentration 

150mg/L may be due to a slight desorption of the Inhibitor molecules on the surface of the carbon steel (Farhadian et al., 2020; 

Obot et al., 2019) 

Table 3.5: Corrosion Rate and Inhibitor Efficiency at Temperature 80
o
C and pH 3.15 

Concentration (mg/L) Weight Loss Corrosion Rate 

(mm/hr) 

Inhibitor Efficiency (%) 

0 (Control) 0.41 1.43 0 

50 0.26 0.39 36.59 

100 0.24 0.36 41.46 

150 0.17 0.26 58.54 

200 0.15 0.23 63.41 

 

Table 3.5 shows a representation of the behaviour of the Inhibitor molecules in terms of the variation of the Inhibitor efficiency 

and the corrosion rate with Inhibitor concentration. The result shows that there was a continuous fluctuation of the Inhibitor 

efficiency and the Corrosion rate. The reason for this behaviour is because at temperature of 80
o
C, the rate of reaction will be very 

high (Rajendrachari, 2018; Salinas-Solano et al., 2018; Xu et al., 2017) in comparison with Temperature 40, 50, 60 and 70 and 

this is because the rate of reaction increases with temperature (Akhavan et al., 2018). Thus, at this high rate of reaction, the 

Inhibitor molecules will tend to adhere to the surface of the carbon steel faster  but because of the acidity of the solution, there 

may also be a counter reaction of desorption of the inhibitor from the surface of the carbon steel as well due to the faster rate of 

reaction which then leads to instability of the protective film covering (Lgaz et al., 2017) 

 

Figure 3.1: Variation of Weight Loss with Temperature at pH 3.15 
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Figure 3.1 represents the Weight Loss when the solution is fully saturated with CO2 at a pH of 3.15 at varying Temperature of 

40
o
C-80

o
C. From Figure 3.1, it can be observed that the Weight loss increases as the Temperature increased from 40-70 and 

decreases when the Temperature is 80
o
C for all the Inhibitor concentration (50mg/L-200mg/L) under consideration. The reason 

for the increase in weight loss behaviour may be due to the non-film forming condition (Han et al., 2018) at these temperature 

range (40
o
C-70

o
C) but there was a drop in weight loss when the temperature increased to 80

o
C as a result of the less difficulty in 

forming protective film at that condition as observed by (Go et al., 2019). In addition, it was observed that the Weight Loss 

decreases as the Inhibitor concentration increases from 0mg/L (Control) to 200mg/L respectively. The reason for this, is because, 

the solution with Inhibitor helps to prevent the Solubility of Iron Carbonate on the surface of the Coupons due to the protective 

film covering that was provided by the Inhibitor in comparison to the solution without an Inhibitor (Control). Observation similar 

to this was also reported by (Durowaye et al., 2014; Mamedaliev Institute of Petrochemical Processes, National Academy of 

Sciences of Azerbaijan, AZ1025 Baku, Azerbaijan et al., 2015; Pfennig et al., 2011; Sotelo-Mazon et al., 2020) 

 

Figure 3.2: Variation of Inhibitor Efficiency with Temperature at a pH of 3.15 

The Temperature can be said to have two conflicting effect. With a rise in Temperature, the Corrosion rate shows increase and 

decrease with respect to the solubility limit of Iron Carbonate Layer (Farhadian et al., 2020). At the non-film forming conditions 

(Low pH), increasing the Temperature results to an increase in the Corrosion rate and a decrease in the efficiency (Li et al., 2019). 

An observation of the results (Figure 3.2) show that the Efficiency of the Inhibitor increases with increase in Inhibitor 

Concentration for the same pH level. Notably from Figure 3.2, the efficiency increases from 0% to 71.79% as the Inhibitor 

concentration increases from 0ppm to 200ppm. Observation of the results also shows that as Temperature increases, Inhibitor 

Efficiency decreases. 

3.2 Thermodynamic Study 

Table 3.6: Kinetic data for half-life at pH 3.15 

Concentration (ppm) k Half-life, t R
2
 

Blank 0.117 5.923 83.94 

50 0.127 5.457 98.25 

100 0.144 4.812 93.07 

150 0.155 4.471 88.65 

200 0.189 3.667 81.86 

 

The activation energy is the minimum amount of Energy that is required for a reaction to occur. Inhibitors act as negative catalyst, 

thus, increasing the activation Energy of the reaction and this helps to slow down the Corrosion rate (Akinbulumo et al., 2020). It 

was observed that generally, the Activation Energy increases with increasing Inhibitor concentration though there may be slight 

changes to this depending on whether desorption or adsorption is taking place at increasing Inhibitor concentration as observed in 

this study (Adesina et al., 2020). 
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Table 3.7 Activation Energy for pH 3.15 

Concentration (ppm) Ea (KJ/Mol) R
2
 

Blank 4.03 76.33 

50 12.65 95.37 

100 8.67 84.33 

150 12.35 87.62 

200 13.75 97.32 

 

The activation energy observed in Table 4.7 shows that the sample without Inhibitor additive (Blank) has the lowest Activation 

Energy (4.03KJ/Mol) compared with those with Inhibitor additives (50ppm, 100ppm, 150ppm and 200ppm) with respective 

Activation Energy as 12.65KJ/Mol, 8.67KJ/Mol, 12.35KJ/Mol and 13.75KJ/Mol. The reason for this was due to easier dissolution 

of the protective film covering on the Coupon without Inhibitor Additive (Cen et al., 2019)  which in turn requires lesser energy 

for corrosion to occur in comparison with those that have Inhibitive Additives that helps to prevent the fast dissolution of the 

protective film covering (Ademoh, 2012) . 

Table 3.8: Enthalpy and Entropy values at pH 3.15 

Concentration (ppm) ΔHa ΔSa 

Blank (0) 1813.66 132.17 

50 1411.74 130.21 

100 1710.02 130.94 

150 924.82 137.36 

200 339.83 126.55 

 

 

Figure 3.3:Arrhenius Plot for Activation Energy at pH 3.15 
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Figure 3.4:Plot of Log Cr/T versus Temperature at pH 3.15 

3.2.1 Adsorption Isotherm 
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Adsorption isotherm for pH 3.15 and Temperature 40
o
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Figure 3.6: Temkin Model 

 

Figure 3.7: Flory-Huggins model 
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Figure 3.8: Frumkin Model 

The adsorption isotherm for pH 3.15 and Temperature 40
o
C is shown in Figures 4.21-4.24. 

From figure 4.21, it can be seen that the Langmuir model closely fit the Experimental data of this study in comparison with the 

Temkins model (Figure 4.22), Flory-Huggins model (Figure 4.23) and Frumkin model (Figure 4.24). This is evidence from the 

high Coefficient of determination, R
2
 value of 98.5% in the Langmuir model when compared with the Temkin, Fory-Huggins and 

Frumkin models which have a Coefficient of determination, R
2
 value of 75.3%, 63.1% and 90.1% respectively.  

 Adsorption isotherm for pH 3.15 and Temperature 50
o
C 

 

Figure 3.9: Langmuir model 
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Figure 3.10: Temkin model 

 

Figure 3.11: Flory-Huggins model 

 

Figure 3.12: Frumkin Model 
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The results for the adsorption Isotherm are shown in figure 4.25 (Langmuir), 4.26 (Temkin), 4.27 (Flory-Huggins) and 4.28 

(Frumkin) 

The results show that the Experimental results agree to the entire adsorption isotherm but the Frumkin Isotherm with a Coefficient 

of determination value, R
2 

of 99.9% (Figure 4.28) fits the experimental data better in comparison with the Langmuir (99.2%), 

Temkin (99.2%) and Flory-Huggins (95.8%). In addition, following the result of the Langmuir isotherm (Fig. 4.25), the slope 

(1.03) of the equation closely agrees with the prediction of Langmuir adsorption isotherm which stated that an equation with a 

slope of unity (1.0) is in a good agreement with the Langmuir model(Al-Haj-Ali et al., 2014; Go et al., 2020; Hribšek, n.d.; Loto, 

2018; Xu et al., 2017)  

Adsorption isotherm for pH 3.15 and Temperature 60
o
C 

 

Figure 3.13: Langmuir model 

 

Figure 3.14: Temkin model 
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Figure 3.15: Flory-Huggins model 

 

Figure 3.16: Frumkin Model 

Figures 4.29-4.32 represents the Langmuir, Temkin, Flory-Huggins and Frumkin adsorption isotherm obtained from the 

experimental results at a Carbon(IV) Oxide (CO2) saturated  pH of 3.15 and a Temperature of 60
o
C of this study. It can be 

observed that the Experimental result closely fits the Frumkin Adsorption Isotherm in comparison with the other adsorption 

Isotherms. From figure (4.31), the Experimental Results deviated from the Flory-Huggins adsorption Isotherm given its low value 

of Coefficient of determination (R
2
) value of 58.2%. 
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Figure 3.17: Langmuir model 

 

 
Figure 3.18: Temkin model 

 

 
Figure 3.19: Flory-Huggins model 
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Figure 3.20: Frumkin Model 

The results for the Langmuir Adsorption Isotherm, Temkin Adsorption Isotherm, Flory-Huggins Adsorption Isotherm and 

Frumkin Adsorption Isotherm at a Temperature of 70
o
C are shown in Figure 4.33-4.36 respectively. A close observation of the 

results show that the Experimental results deviated from all the Adsorption Isotherm as evidenced from their low Coefficient of 

determination values of 86.8%(Langmuir), 43.9% (Temkin), 9.5%(Flory-Huggins) and 76.8% (Frumkin) respectively. 

Observation similar to those presented here was also reported by (Li et al., 2019; Yang et al., 2019).  

Adsorption isotherm for pH 3.15 and Temperature 80
o
C 

 

Figure 3.21: Langmuir model 
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Figure 3.22: Temkin model 

 

Figure 3.33: Flory-Huggins model 

 

Figure 3.34: Frumkin Model 
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3.3 FTIR Analysis 

The FTIR was used to identify the types of chemical bonds (Functional groups) present in the Watermelon seed extract. The 

wavelength of the light absorbed is 

Characteristics of the chemical bond as can be seen in the annotated spectrum below (Figure 4.6). By the interpretation of the 

Infrared absorption spectrum, the Chemical bonds in the Extract were determined (De Spiegelaere et al., 2020; Taheri et al., 2017; 

Velayi and Norouzbeigi, 2019). 

 

Figure 3.35: FTIR Result for Citrullus lanatus Seed Extract 

The Fourier Transform Infrared Spectroscopy (FTIR) result is as shown in figure 4.6. From figure 3.35, it should be noted that the 

functional group of the Watermelon seed extract are represented from 1382cm
-1

 Area of the FTIR result. 

Table 3.10: Bond and Wavenumber of the Citrullus lanatus Extract. 

Bond Wavenumber (cm
-1

) 

R-OH 3385 

R-OOH 2929 

C-H 2343 

C=O 1382 

N-H 1622 

Source: (Ashokkumar, 2014) 

Table 4.1 represents the functional groups and corresponding Wave number of the Watermelon seed extract. Analysis of the 

Result (Table 4.1) shows that the Citrullus lanatus extract was made up of Alcohol, Alcholic Acid, Amine, Ketone etc. These 

compounds are capable of providing the strong attractive force needed for the Inhibitor Additive to bind to the Metal surface, thus, 

preventing the spread of corrosion (Li, et al., 2019). 

4. CONCLUSION 

 From the results obtained, the corrosion rate decreases from 0.57mg/hr to 0.21mg/hr while its Inhibitive efficiency 

increases with an Inhibitor concentration of 0mg/l to 200mg/l respectively. 

 Temperature had two conflicting effect. With a rise in temperature, corrosion rate shows increase and decrease with 

respect to the solubility limit of Iron Carbonate. 

 It was observed that at low pH, the formation of hydrogen ions increases thereby reducing the formation of the protective 

film on the Coupon which results to an increase in corrosion rate. 

 The test sample without inhibitor additive had the lowest activation energy of 4.03Kj/Mol with a further increase of 

activation energy from 12.65Kj/Mol to 13.75Kj/Mol with Inhibitor concentration of 50ppm to 200ppm. 

 From the Adsorption Isotherm tested, the Frumkin Model closely fits the Experimental data at a Temperature of 50
o
C as 

evidence from its high Coefficient of determination, R2 value of 99.9%. 
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