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ABSTRACT 

Corrosion inhibition of aluminium using Carica papaya leaves extracts in 1M H2SO4 and IM 

H3PO4 was investigated under different temperatures (30, 40 and 500C) and concentrations 

(from 20-100 v/v %). The inhibitor was found to work by being adsorbed onto the aluminium 

surface, hence preventing the corrosion of the metal by forming a film that acted like a barrier 

to the direct contact between the metal and the acids. Gravimetric analysis (Weight loss 

method) as the main methodology was used throughout the investigation. From the data 

collected, inhibition efficiency values, adsorption isotherms, kinetic and thermodynamic 

parameters concerning the adsorption processes were determined; all of these give out 

important clues on the working ability of the inhibitor. Characterization was also applied 

using Scanning Electron Microscope (SEM) and Fourier Transform Infrared (FT-IR) 

spectroscopy. SEM was used to determine the adsorption ability of inhibitor by investigating 

aluminium coupons through surface profile analysis. The FT-IR machine was used to 

determine functional groups of the phytochemicals found in C. papaya leaves, inhibitor 

prepared and those participated in adsorption. Carica papaya leaves extract was found to 

have a maximum inhibition efficiency of 71.67 % and 56.02 % in H2SO4 and H3PO4 

respectively, at the optimal concentration which ranges from 60 to 80 v/v % in both of the 

media used. Results obtained in this study give hope to corrosion engineers that C. papaya is 

among of the plants on which its extracts can be used to develop a commercialized natural 

corrosion inhibitor. This is possible because it has phytochemicals with active functional 

groups to develop inhibitive properties. 
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CHAPTER ONE 

INTRODUCTION 

This Chapter describes the general introduction of the study. It mainly focuses on the 

background information of the study, the problem statement, objectives, research questions, 

significance of the research and the general literature review. 

1.1 Background information 

Corrosion is an electrochemical process that involves the deterioration of material when 

subjected to an environment that can support it (Ayeni et al., 2012). In developed countries, 

the cost of managing corrosion is approximately 5% of their Gross Domestic Product (GDP) 

(Schmitt, 2009). For developing countries like Tanzania, the annual cost of corrosion control 

is unknown. Measures to control corrosion must be taken since the economy of Tanzania is 

advancing leading to more use of materials in infrastructure projects. 

To protect aluminium and its alloys from corrosion, various methods have been employed 

such as chromating, cathodic protection, organic coating and use of inhibitors (Mahendru Sr 

and Mahindru, 2011; Musa, 2012a). In various systems or material, corrosion inhibitors have 

been employed for a long time as one of the most applicable approaches with good results. 

Corrosion inhibitors are materials which when added in small amount to the environment 

under corrosion, effectively slow down its occurrence (Kesavan et al., 2012). They can be 

classified into three types which are the organic, inorganic and mixed type (Aballe et al., 

2001; Ebenso et al., 2008; Raja and Sethuraman, 2008; Umoren, 2009; Kesavan et al., 2012; 

Rajendran et al., 2012). These inhibitors have been found useful in industrial system and 

commercial application such as in cooling systems, refinery units, chemicals, oil and gas 

production units, boilers (Singh et al., 2012). Due to the toxicity of synthetic corrosion 

inhibitors such as chromates, phosphate, and arsenic; recently, naturally occurring substances 

of plant extracts which are readily available, cheap, renewable, and eco-friendly have been 

successfully used as a replacement for synthetic corrosion inhibitors (Kesavan et al., 2012). 

Aluminium is one of the most abundant elements with wide applications. This is due to its 

attractive properties such as low density, good thermal and electrical conductivity. It has the 

ability to form a protective layer under a corrosive medium, however, it corrodes under 

highly acidic and alkaline media by dissolving of its oxide protective layer (El Maghraby, 
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2009; Loto, 2012). The current study is based on investigating the working ability of Carica 

papaya leaves extracts in developing inhibitive properties on the aluminium, found under 

acidic media. 

1.1.1 Corrosion that attacks aluminium and its alloys 

Below are the types of corrosion that attack aluminium and its alloys: 

(i) General dissolution 

General dissolution is a type of corrosion which attacks aluminium when found in highly 

acidic and alkaline environment. It can also involve lower alcohols, phenols and aqueous 

systems at high temperatures above 900C (Mahendru Sr and Mahindru, 2011). 

(ii) Pitting  

Pitting is a type of highly localized corrosion which occurs under aggressive chloride ions. 

The chlorides attack weak sites of the oxide and then propagate. The reaction proceeds by the 

evolution of hydrogen and reduction of oxygen as follows. 

3 3A l A l e ��
�o �� ��                                                                                                           (1) 

                                                                              (2) 

22 2H e H��
� � � o                                                                                                           (3) 

2 22 4 4O H O e O H�� �� �o                                                                                        (4) 

Reaction 1 and 2 produce positive charges which balance with negative charges by 

combining with Chloride ions to form HCl which deepens the pit. Due to reduction reaction, 

there is alkalinisation around particles at the cathode. This environment favours dissolution of 

aluminium oxide at that site to cause alkaline pits (Mahedru Sr and Mahindru, 2011; Musa, 

2012b; Son et al., 2012).  

 

 

3

2 33 ( ) 3A l H O A l O H H� � � �
�� �o ��
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(iii)  Intercrystalline corrosion 

Intercrystalline corrosion is a type of corrosion which occurs by dissolution of the grain 

boundary zone when the bulk remains intact. It is electrochemical because it involves micro 

galvanic cells formed due to the heterogeneity in alloy composition (Mahedru Sr and 

Mahindru, 2011). 

(iv)  Stress corrosion cracking  

Stress corrosion cracking is a form of intergranullar corrosion which is starting with a stress 

from an environment that induces crack initiation and propagation along grain boundaries. 

Metallurgical, environmental and mechanical factors are associated with its occurrence. The 

areas along grain boundaries become anodic which make corrosion to propagate along them. 

It mostly affects aluminium alloys with a high amount of soluble alloying elements such as 

magnesium, copper, zinc, and silicon (Mahedru Sr and Mahindru, 2011; Musa, 2012b; 

Nakano et al., 2012).  

(v) Galvanic corrosion 

Galvanic corrosion is a type of corrosion that occurs when dissimilar metals come into 

contact which causes electrical potential differences. The electrolytic condition also is 

necessary for the corrosion to occur because it forms a closed circuit. Aluminium corrode 

because it is more anodic than many of the other structural materials (Mahendru Sr and 

Mahindru, 2011; Musa, 2012b; Musa et al., 2011). 

1.1.2 Electrochemistry of aluminium corrosion in acidic medium 

Although aluminum has a tendency to form a protective oxide layer against corrosion, in 

highly acidic or alkaline medium the layer can dissolve to allow the metal dissolution which 

favours its corrosion.  

The following equations explain its occurrence in acidic medium (Hassan and Zaafarany, 

2013). 

Sulfuric acid (H2SO4) 

�� �� �� ��3 3  
s

A l A l e o xid a ti a n o d ic rea t o no n c i� � � �
� l � �                                      

5 
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 �� ��2 ( )                          2 2 g reduction ca thod ic reH e H action��
� � � l                                

 6
 

Overall reaction 

�� �� �� �� �� �� �� ��
32 6 2 3

s aq aq g
A l H A l H� � � �

�� �l ��
                                                         

(7)
 

From the equations above, the anodic reaction which is the dissolution of aluminum produces 

electrons which are picked into the cathodic site. These electrons cause the combination of 

the two C h e m is o r b e dH
 on the metal surface to form H2 molecules which come out as bubbles 

(Prabhu, 2013).  

Phosphoric acid (H3PO4) 

Aluminium dissolution by oxidation (anodic reaction) occurs as follows 

�� ��
_

2 a d s
A l H O A lO H H e��

�� �o �� ��
                                                    (8) 

�� ��
3

2 25 6 2
ads

A lO H H O H A l H O e�� �� ��
�� �� �o �� ��

                             (9)
 

�> �@
23

2A l H O A lO H H
��� � � �

�� �o ��                                                      (10) 

Hydrogen gas formation by reduction (cathodic reaction) occurs as follows 

�� ��ads
H e H� � � �

� � � o
                                                                              (11)

 

�� �� �� �� 2ads ads
H H H� � � o

                                                                       (12)
 

(Prabhu, 2013). 

Both of the reactions in sulphuric and phosphoric acid occur in the same way by oxidation of 

aluminium and reduction of hydrogen ions to form hydrogen gas, whereby the rate of gas 

production can be used to measure the corrosion rate. 
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(ii) Electrochemical measurements 

Three electrode cells, platinum wire as a counter, saturated calomel electrode (SCE) as a 

reference and aluminium sheet-specimen as a working electrode is used. Potentiostat together 

with a computer with graphing and analysing software is used to provide the data. Data can 

be collected in two ways, potentiodynamic test and Electrochemical Impedance Spectroscopy 

(EIS). 

Potentiodynamic test (Linear polarization measurements) 

Electrochemical parameters measured here are the Icorr = corrosion current, Ecorr = corrosion 

potential and Tafel slopes (Rajalakshmi et al., 2010; Hamdy and El-Gendy, 2013; 

Shivakumar and Mohana, 2013). 

Electrochemical Impedance Spectroscopy (EIS) 

EIS measurements are taken by using alternating current signal. Ny Quist plots obtained from 

a connected computer are used to calculate double layer capacitance (Cdl) and Charge transfer 

resistance (Rt) which are the parameters in EIS (Hamdy et al., 2006; Yurt et al., 2006; Lebrini 

et al., 2013). 

1.1.7 Characterization of inhibitor and the adsorbed film 

This is done to study constituents of inhibitor and the protective film formed after adsorption, 

where equipments such as Fourier Transform Infrared (FTIR) spectroscopy and Energy 

Dispersive Spectroscopy (EDS) have been used. The surface profile analysis of the metal 

under corrosion is mostly done by using equipment such as Scanning Electron Microscope 

(SEM) and Atomic Force Microscope (AFM) (Sangeetha et al., 2011; Xiong et al., 2013; 

Yadav et al., 2015). This is done to confirm the formation of the adsorbed film. 

1.1.8 Thermodynamic, kinetic parameters and adsorption isotherms 

(i) Kinetic parameter (Activation energy) 

The decrease in apparent activation energy in the presence of inhibitor normally denotes 

chemical adsorption while the reverse is usually attributed to physical adsorption (Ansari et 

al., 2013; Yiase et al., 2014). The higher activation energy implies the slow dissolution of 

metal. 
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current study dealt with the inhibition of aluminium corrosion using Carica papaya leaves 

extracts in acidic media. In general investigations of natural materials on their ability to 

inhibit corrosion broaden a foundation on designing and developing green inhibitors to the 

corrosion engineers. 

1.3 Research objectives 

1.3.1 General objective 

Evaluation of the corrosion inhibition of Carica papaya extracts on the aluminium metal in 

acidic media. 

1.3.2 Specific objectives 

i) Determination of kinetic, thermodynamic parameters and adsorption isotherms of C. 

papaya extract on aluminum corrosion under H2SO4    

ii) Determination of kinetic, thermodynamic parameters and adsorption isotherms of C. 

papaya extract on aluminum corrosion under H3PO4   

1.3.3 Research questions 

i) What are the kinetic, thermodynamic parameters and adsorption isotherms of C. 

papaya extract on aluminum corrosion under H2SO4? 

ii) What are the kinetic, thermodynamic parameters and adsorption isotherms of C. 

papaya extracts on aluminum corrosion under H3PO4? 

1.4 Significance of the study 

Detail information on inhibition of aluminium corrosion by the use Carica papaya extracts is 

going to be obtained which is very important for the corrosion engineers/applicants of 

corrosion inhibitors, especially in industries. There is also a high expectation of developing 

an eco-friendly inhibitor with much availability since pawpaw plants are widely grown in 

Tanzania. 
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CHAPTER TWO 

INHIBITION OF ALUMINIUM CORROSION USING Carica Papaya LEAVES 
EXTRACT IN SULPHURIC ACID1 

Abstract  

Inhibition of aluminium corrosion using C. papaya leaves extract in 1.0 M H2SO4 was 

investigated by using gravimetric analysis at various concentrations and temperatures: 303 K, 

313 K and 323 K. Characterization was done by using Scanning Electron Microscope (SEM) 

and Fourier Transform Infrared (FT-IR) spectroscopy. Results show that inhibiting ability of 

the extract was due to its adsorption onto the metal surface through Langmuir adsorption 

isotherm. Thermodynamic (Gibbs energy, entropy and heats of adsorption) and kinetic 

parameters (activation energy and entropy of activation) were also determined. All of these 

agreed to physical adsorption of inhibitor onto the aluminium surface. 

Keywords: C. papaya, inhibition, aluminium, sulphuric acid, adsorption, thermodynamic 

and kinetic parameters 

 

 

 

 

 

 

 

                                                 
1    Journal of Minerals and Materials Characterization and Engineering , 2018: 6 1-14 
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Figure 3: A plot of ln (Corrosion rate/Temperature) vs 1/Temperature 
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Figure 4: A plot of Log [Surface coverage/(1-Surface Coverage)] 
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Table 3: Shows kinetic and thermodynamic parameters 

Conc.  

%v
v  

aE kJ/mol H� � � '  

kJ/mol 

0S�' J/mol 
a d sQ�'  

(kJ/mol) 

G�'  

(kJ/mol) 

     303 K 313K 323K 

Blank 80.01 77.40 -70.75     

20 88.18 85.58 -51.46 14.96 -3.51 -3.53 -2.74 

40 93.50 86.42 -35.92 21.67 -2.76 -2.34 -1.51 

60 95.38 92.78 -30.59 23.51 -2.14 -1.52 -0.73 

80 96.03 93.42 -28.52 24.64 -1.42 -0.89 0.12 

100 96.33 93.73 -27.02 26.00 -0.65 -0.18 1.03 

 

2.3.3 Adsorption isotherms 

Since the inhibitor works through adsorption onto the metal surface, various adsorption 

isotherms were tested includes Langmuir, Frumkin, Temkin and Freundlich adsorption 

isotherms using equations; 20, 21, 22 and 23 respectively. Table 4 shows correlation 

coefficient values for each isotherm at various temperatures as have been tested. 

The adsorption of the inhibitor onto the metal surface seems to obey Langmuir adsorption 

isotherm by having a high correlation coefficient of approximately equal to 1. This isotherm 

goes with the assumption that, there is no lateral interaction between the adsorbed species and 

the adsorbent. Fig. 5 shows the Langmuir adsorption isotherm plot. 
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Figure 5: Langmuir adsorption isotherm plot at various temperatures     

Table 4: A summary of correlation coefficients for the isotherms tested 

Isotherm Correlation coefficient value (R2) at various temperatures 

 303K 313K 323K 

Frumkin 0.561 0.794 0.383 

Freundlich 0.786 0.869 0.565 

Temkin 0.787 0.873 0.553 

Langmuir 0.997 0.998 0.995 

 

2.3.4 FT-IR spectroscopy analysis 

FT-IR test was performed to the C. papaya leaves powder, inhibitor prepared by using 1.0 M 

H2SO4 and the corrosion product (adsorbed film). In case of the leaves powder a little amount 

of the sample was tested and in corrosion inhibitor, few drops were tested. A test concerning 

a corrosion product was done by firstly preparing the aluminium coupon. The coupon was 

prepared by being abraded with emery papers, then washed with ethanol and dried with 

acetone. The prepared coupon was immersed in 60 v/v% inhibitor (optimal concentration) in 
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Figs. 6, 7 and 8 are FT-IR Spectra for C. Papaya leaves, inhibitors and their adsorbed film; 

 

Figure 6: FT-IR spectrum for the C. papaya leaves powder 

 

Figure 7: FT-IR spectrum for the inhibitor prepared using H2SO4 
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Figure 9: SEM images of aluminium coupons at various conditions 

From Fig. 9 above coupons with different treatment displayed different images from SEM; 

(a) Uncorroded surface of aluminium coupon without pits, but some scratches which 

occurred during filing (b) Uninhibited coupon with deep pits (some of them are overlaid by 

the lines in order to become easily seen) shows corrosion has taken place (c) Inhibited 

coupon which shows the protected surface which is not much affected by the acid. From the 

surface profile of aluminium coupons done, the difference indicated above proves the 

formation of the adsorbed layer (film) which acted as a barrier to the acid corrosiveness. 

2.4 Discussion and conclusion 

The increase in the activation energy of the metal dissolution was due to the increase in the 

inhibitor concentration and its adsorption. This is because the inhibitor adsorption on the 

metal surface hindered the metal dissolution (Obot et al., 2011; Hamdy and El-Gendy, 2013). 

The positive values of enthalpy of activation show the endothermic nature of the metal 

dissolution which is associated with the rise in corrosion rate of the metal at high 

temperatures (Quraishi et al., 2010). Increasing in entropy (from most negative to less 

negative values), shows the increase in disorder at the metal and solution interface which is 

due to the desorption of water molecules from the surface of the metal by molecules of the 

inhibitor (Quraishi et al., 2010). The increase in the heats of adsorption with the increase in 

concentration of the inhibitor shows the exothermic nature of its adsorption. Gibbs energy 

increased (from most negative to less negative) as the temperature rises also implies the 

exothermic nature of the adsorption process (Obot et al., 2011). This means that at high 

temperature there was desorption of the inhibitor on the metal surface (Obi-Egbedi et al., 

2012). Adsorption isotherms together with the kinetic and thermodynamic parameters helped 

to determine whether the adsorption process was achieved through the physical or chemical 
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mechanism. In the current study, all parameters agreed to physical adsorption of the inhibitor 

on the metal surface. 

The functional groups assigned from C. papaya leaves, prepared inhibitor and adsorbed film; 

are those functional groups found in most of inhibitors to participate in adsorption and 

corrosion inhibition. The shift of these frequencies from inhibitor to the adsorbed ones can be 

attributed to the interaction of inhibitor functional groups with the metal surface for 

adsorption to take place (Eddy, 2009; Sangeetha et al., 2012; A Negm et al., 2013; Leelavathi 

and Rajalakshmi, 2013b; Odewunmi et al., 2015). 

From the surface profile of aluminium coupon done, the difference indicated above proves 

formation of the adsorbed layer (film) which acted as a barrier to the acid corrosiveness (Kini 

et al., 2011; Arellanes-Lozada et al., 2014). 

Various investigations concerning C. Papaya leaves as a green corrosion inhibitor either with 

synergism or not, indicated the moderate to high inhibition efficiency depending on the type 

of the medium and the metal under investigation. The reported findings show inhibition 

efficiency values as following, C.papaya extracts on the corrosion of mild steel (Okafor and 

Ebenso, 2007), 93.88 % at a concentration of 2g/L, inhibition effect of extracts of C. papaya 

and camellia sinensis leaves, 68.97% at 100 v/v % (Loto et al., 2011), synergistic effects of 

C. papaya leaves extract with Zn2+ in corrosion inhibition of mild steel in an aqueous 

medium, 91 % by 2ml C. papaya leaves (CPL) extract with Zn2+ (50 ppm) in 100 mL 

(Kavitha et al., 2014). Performance of mild steel in nitric acid/C. Papaya leaf extracts 

corrosion (Oki et al., 2015) with 92.8 % efficiency at 60 % v/v %. The current study reports a 

maximum inhibition efficiency of 71.67 % at its optimal concentration of 60 v/v %. In 

comparison between the efficiency of the C. papaya extracts in the current study and the 

previous ones shown above, it still shows the extract can bring out inhibitive properties of 

corrosion under various media to the different kinds of metals.  
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CHAPTER THREE 

GREEN APPROACH TO CORROSION INHIBITION OF ALUMINIUM BY      
Carica Papaya LEAVES EXTRACT IN PHOSPHORIC ACID 

Abstract 

The inhibitive ability of C. Papaya leaves in corrosion of aluminium in 1.0 M Phosphoric 

acid was investigated using a weight loss method at various concentrations and temperatures 

303K, 313K and 323K. Inhibition efficiency was found to decrease with the increase in 

temperature and increases with the increase in concentration and fits well to the Langmuir 

adsorption isotherm. Thermodynamic and kinetic parameters were also determined and found 

to agree with physical adsorption as a mechanism of corrosion inhibition. 

Keywords: C. papaya, inhibition, aluminium, phosphoric acid, adsorption, thermodynamic 

and kinetic parameters 
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3.1 Introduction 

Investigation of various materials to be used as corrosion inhibitors of metals has been 

increasing nowadays. This is due to various applications which need the introduction of those 

inhibitors to ensure the metals safety. Those applications include: acid descaling, acid 

pickling, acid cleaning, oil well acidization and electro polishing (Ladha et al.; Yurt et al., 

2006). Synthetic and natural materials have been investigated for several years, but synthetic 

ones have been associated with toxicity which interferes with human biochemical reactions 

and some of the organs such as livers and kidney. Good examples of this are the chromium 

compounds (chromates) which have been reported to be carcinogenic (Rani and Basu, 2011; 

Kesavan et al., 2012). This motivated most of the corrosion engineers to shift most of the 

studies into natural materials since they are environmentally and ecologically safe (Kesavan 

et al., 2012; Singh et al., 2012). Plant extracts are among those natural materials which are 

rich in phytochemicals being adsorbed onto the metal surface under a corrosive medium to 

cause corrosion inhibition. They are also cheap, locally available and renewable (Singh et al., 

2012). 

The essence of investigating inhibition of aluminium dissolution in phosphoric acid is that the 

acid has been used in aluminium cleaning and electropolishing where inhibitors are needed 

(Ali and Foaud, 2012). Several studies concerning inhibition of aluminium corrosion in 

phosphoric acid using natural materials have been done. Among of them include the 

synergistic effect of iodide and purine (Amin et al., 2009b), synergistic effect of chalcones 

derivatives and halide ions (Fouda et al., 2013), G. Indica (Prabhu and Rao, 2013) and D. 

brandisii (Li and Deng, 2012). This Chapter discusses the corrosion inhibition of aluminium 

under phosphoric acid by using C. Papaya as a natural (green) inhibitor. 

3.2 Materials and methods 

The same sample collected, aluminium coupons preparation, media preparation, and 

experimental setup were used as in Chapter 2. Preparation of inhibitor was done by Refluxing 

(boiling) C. papaya leaves powder with phosphoric acid (H3PO4) at 900C. The mixture was 

then allowed to cool for 24 hours before filtering to get a corrosion inhibitor. The medium 

was prepared and then used in the weight loss method. The experiments were repeated three 

times at concentrations of Blank, (20, 40, 60, 80 and 100) v/v % and temperatures of 303 K, 

313 K and 323 K. All processes and conditions were the same as what was done by using 

sulphuric acid (H2SO4), reported in Chapter 2. 
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From the gravimetric analysis (weight loss method) data, inhibition efficiency, the degree of 

surface coverage, corrosion rate, enthalpy and entropy of activation, Gibbs energy, heat of 

adsorption and adsorption isotherm were determined as in Chapter 2.  

3.3 Results  

Refer to Appendix II and IV; equations 13, 14 and 15 were used in determining the values in 

Table 6 below. 

3.3.1 Weight loss results, inhibition efficiency and corrosion rate values 

Table 6 and Fig.10 show that inhibition efficiency increases with increase in concentration 

and decreases with the rise in temperature. The maximum inhibition efficiency at 303 K, 313 

K and 323 K is 56.02%, 49.82% and 41.99% respectively. The concentration at which 

maximum adsorption has taken place (optimal concentration) of inhibitor at 303 K, 313 K 

and 323 K is 80%, 80% and 60% v/v respectively. 

Table 6: Shows weight loss and calculated corrosion rate 

 

Conc. 

(v/v %) 

  Weight loss (g)  CR( 2 1g c m h� � � �) (10-5) 

 303 K I.E % 313K I.E% 323K I.E% 303 K 313K 323K 

Blank 0.0698  0.1704  0.3491  3.2459 7.9241 16.2342 

20 0.0391 43.98 0.0988 42.02 0.2191 37.24 1.8183 4.5945 10.1888 

40 0.0334 52.15 0.0925 45.72 0.2107 39.64 1.5532 4.3015 9.7982 

60 0.0316 54.73 0.087 48.94 0.2025 41.99 1.4695 4.0458 9.4169 

80 0.0307 56.02 0.0855 49.82 0.2063 40.91 1.4276 3.9760 9.5936 

100 0.0308 55.87 0.0866 49.18 0.2070 40.70 1.4323 4.0272 9.6261 
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Table 7: Thermodynamic and kinetic parameters 

Conc.  

%V
v

 

aE kJ/mol H� � � '  

kJ/mol 

0S�' J/mol 
a d sQ�'  

(kJ/mol) 

                   G�'  

                 (kJ/mol) 

     303 K 313K 323K 

Blank 65.55 62.95 -103.92     

20 70.15 67.55 -93.62 11.34 -1.96 -1.82 -1.34 

40 74.99 72.40 -78.82 20.60 -1.04 -0.41 0.25 

60 75.62 73.02 -77.24 20.85 -0.28 0.31 1.08 

80 77.54 74.94 -71.25 24.76 0.31 0.97 1.97 

100 77.55 74.96 -71.08 24.87 0.89 1.62 2.59 
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Figure 11: The graph in summary used in determination of activation energies 
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Figure 12: The graph in summary used in determination of the enthalpy and entropy of 

activation 
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Figure 13: The graph in summary used in determination of heats of adsorption 
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Figure 14: A graph for the Langmuir adsorption isotherm at various temperatures 

 Table 8: A summary of correlation coefficients for the isotherm tested 

Isotherm Correlation coefficient value (R2) at various temperatures 

 303K 313K 323K 

Frumkin 0.835 0.888 0.647 

Freundlich 0.907 0.928 0.713 

Temkin 0.919 0.928 0.713 

Langmuir 0.999 0.999 0.999 

Table 8 shows correlation coefficients of the isotherms tested. The adsorption process 

follows Langmuir adsorption because of the highest correlation coefficient of approximately 

equal to 1. Equations; 20, 21, 22 and 23 were used in plotting graphs and determination of the 

best isotherm. Fig. 14 is a summary graph of the Langmuir adsorption isotherm at various 

temperatures. 

3.3.3 FT-IR spectroscopy results 

The functional groups have been assigned from the Carica papaya leaves, corrosion inhibitor 

and a corrosion product as done in Chapter 2. In case of a corrosion product; aluminium 

coupon was well prepared by being abraded accordingly, and then immersed in 60 v/v % 
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inhibitor (1.0 M H3PO4 medium was used) for 24 hours. Then after, a corrosion product was 

well scrapped for the FT-IR test. The results obtained here were the FT-IR spectra shown in 

Figs. 15-17. From these spectra, the respective absorption frequencies were recorded in Table 

9. The shift of these frequencies between inhibitor prepared and the corrosion product reveal 

the interaction of inhibitor functional groups and the aluminium surface. 

Table 9: FT-IR spectroscopy results (H3PO4 medium) 

 

Table 9 above shows absorption frequencies for C. papaya leaves, corrosion inhibitor and the 

corrosion product as observed from FT-IR Spectra. 

Leaves powder 
Inhibitor prepared using  

H3PO4 

Corrosion product 

    Frequency  

       (cm-1) 

Assignment Frequency 

 (cm-1) 

Assignment Frequency 

(cm-1) 

Assignment 

 

3281.43 -OH or N-H                      

Stretch 

3333.77 O-H Stretch 3258.42 O-H Stretch 

2917.52 
-C-H Stretch 

1635.58 C=O Stretch 1634.90 C=O Stretch 

2849.24 1162.14 C-O or C-N   

Stretch 

1074.49 C-O or C-N       

Stretch 1625.62 C=O stretch 1073.93  

1405.52 
C-H bend 

999.47 C-H bend 983.78 C-H bend 

1316.22     

1244.02 C-O or C-N 

stretch 

    

1031.06     
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Figs. 15, 16 and 17 are the FT-IR Spectra for C. papaya leaves, inhibitors and their adsorbed 

films 

 

Figure 15: FT-IR Spectrum for the C. Papaya leaves powder 

 

Figure 16: FT-IR spectrum for inhibitor prepared using H3PO4 
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Figure 17: FT-IR spectrum for the adsorbed film formed after using H3PO4 

3.4 Discussion and conclusion 

Table 10 follows summarizes a discussion concerning kinetic and thermodynamic parameters 

determined in Table 7. In comparison with the parameters information discussed in Chapter 

2, the values are in the similar trend, but different in numbers. 

 

 

 

 

 

 

 

 

 

 

 





 
 

38 
 

Inhibition efficiency of 56.02 % at 80 v/v %, observed in this study (under H3PO4), is low 

compared to some of high efficient natural (organic) extract materials such as synergistic 

effect of iodide and purine with an efficiency of 92.05 % at 1× 10-2 M Purine (Amin et al., 

2009b) and chalcones derivatives and halides ions with an efficiency of 80.20 % at 1.0 ×10-2 

M, KI and 11 ×10-6 M Chalcones (Fouda et al., 2013), seed extract D. brandisii with an 

efficiency of 94.0 % at 1.0 g/L and G. Indica with 85.59 % efficiency at 500 ppm (Prabhu 

and Rao, 2013). 
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phytochemicals then test for the active ones can also be employed in this study. An 

electrochemical measurement technique which involves potentiodynamic polarization and 

Electrochemical Impedance Spectroscopy (EIS) can be used in data collection instead of the 

weight loss method. 
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APPENDICES 

Appendix 1: Tables with the weight loss results, calculations of inhibition efficiency, 

corrosion rate, adsorption isotherms, thermodynamic and kinetic 

parameters (for the first objective) 

(i) Tables show weight loss measurement results; experiments were repeated three 

times at each temperature and the average weight loss were calculated. 

1st Experiment at 300C 

Conc. 

(v/v %) 

W-1 W-2 Weight 

loss-1 

W-1 W-2 Weight 

loss-2 

W-1 W-2 Weight 

loss-3 

Average 

Weight 

loss 

           

BLANK 1.3769 1.3650 0.0119 1.3778 1.3655 0.0123 1.3125 1.3007 0.0118 0.0120 

20 1.1377 1.1327 0.0050 1.1377 1.1327 0.0050 1.2747 1.2699 0.0048 0.0049 

40 1.1135 1.1096 0.0039 1.1135 1.1096 0.0039 1.3535 1.3498 0.0037 0.0038 

60 1.0768 1.0733 0.0035 1.0768 1.0733 0.0035 1.347 1.3437 0.0033 0.0034 

80 1.2755 1.2720 0.0035 1.2755 1.2720 0.0035 1.3001 1.2968 0.0033 0.0034 

100 1.3405 1.3369 0.0036 1.3405 1.3369 0.0036 1.3059 1.3023 0.0036 0.0036 

 

2nd Experiment at 400C 

Conc. 

(v/v %) 

W-1 W-2 Weight 

loss-1 

W-1 W-2 Weight 

loss-2 

W-1 W-2 Weight 

loss-3 

Average 

weight 

loss 

BLANK  1.354 1.3182 0.0358 1.314 1.2777 0.0363 1.0902 1.0546 0.0356 0.0359 

20  1.342 1.327 0.0150 1.3183 1.3031 0.0152 1.3057 1.2908 0.0149 0.0150 

40 1.3134 1.3002 0.0132 1.395 1.3821 0.0129 1.3633 1.3504 0.0129 0.0130 

60 1.3393 1.3271 0.0122 1.3172 1.3050 0.0122 1.1221 1.1099 0.0122 0.0122 

80 1.3088 1.297 0.0118 1.2852 1.2733 0.0119 1.0585 1.0468 0.0117 0.0118 

100 1.2856 1.2731 0.0125 1.2685 1.2558 0.0127 1.263 1.2505 0.0125 0.0126 
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3rd Experiment at 500C 

Conc. 

(v/v %) 

W-1 W-2 Weight 

loss-1 

W-1 W-2 Weight 

loss-2 

W-1 W-2 Weight 

loss-3 

Average 

weight 

loss 

BLANK 1.3013 1.2159 0.0854 1.3172 1.2202 0.0857 1.2956 1.2099 0.0857 0.0856 

20 1.3155 1.2728 0.0427 1.3059 1.2514 0.0428 1.3634 1.3205 0.0429 0.0428 

40 1.2925 1.2548 0.0377 1.2942 1.2997 0.0378 1.3734 1.3355 0.0379 0.0378 

60 1.34 1.3047 0.0353 1.3375 1.3606 0.0354 1.3197 1.2843 0.0354 0.0354 

80 1.3143 1.2784 0.0359 1.3960 1.1850 0.0360 1.3712 1.3351 0.0361 0.0360 

100 1.3383 1.2999 0.0384 1.2210 1.3364 0.0384 1.3013 1.2629 0.0384 0.0384 

 

(ii) Calculations involve In CR and ln (CR/T) at 300C, 400C, 500 C 

  300C   

 Average  

weight loss 

CR ln CR CR/T ln(CR/T) 

0.012 0.000 055 80 -9.793 67 1.8417E-07 -15.507 41 

0.0049 0.000 022 79 -10.689 34 7.52028E-08 -16.403 08 

0.0038 0.000 017 67 -10.943 58 5.83206E-08 -16.657 31 

0.0034 0.000 015 81 -11.054 80 5.21816E-08 -16.768 54 

0.0034 0.000 015 81 -11.054 80 5.21816E-08 -16.768 54 

0.0036 0.000 016 74 -10.997 5 5.52511E-08 -16.711 38 
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   400C   

Average  

weight loss 

    CR   ln CR  CR/T   ln (CR/T) 

0.0359 0.000 166 95 -8.697 84 5.334E-07 -14.444 05 

0.015 0.000 069 75 -9.570 53 2.229E-07 -15.316 73 

0.013 0.000 060 45 -9.713 63 1.931E-07 -15.459 83 

0.0122 0.000 056 73 -9.777 14 1.813E-07 -15.523 35 

0.0118 0.000 054 87 -9.810 48 1.753E-07 -15.556 68 

0.0126 0.000 058 59 -9.744 88 1.872E-07 -15.491 09 

 

      500C   

 Average  

weight loss 

CR    ln CR CR/T  ln (CR/T) 

0.0856 0.000 398 07 -7.828 89 1.2324E-06 -13.606 55 

0.0428 0.000 199 03 -8.522 04 6.162E-07 -14.299 69 

0.0378 0.000 175 78 -8.646 27 5.44214E-07 -14.423 92 

0.0354 0.000 164 62 -8.711 87 5.09661E-07 -14.489 52 

0.036 0.000 167 41 -8.695 06 5.18299E-07 -14.472 71 

0.0384 0.000 178 57 -8.630 52 5.52853E-07 -14.408 17 
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(iii) A table which shows the values used for adsorption isotherm test and Gibbs 

energy at each temperature 

1st Experiment at 300 C 

              

C I.E % q    ln  

[q/(1-q)c 

 Log q  Log C  Log [q/(1-q)]     c/q Gibbs 

energy 

20 59.17 0.5917 -2.624 73 -0.227 90 1.301 03 0.161 122 189 33.800 91 -3.51 

40 68.33 0.6833 -2.919 90 -0.165 39 1.602 06 0.333 9633 57 58.539 44 -2.76 

60 71.67 0.7167 -3.166 19 -0.144 66 1.778 15 0.403 090 83 83.717 04 -2.14 

80 71.67 0.7167 -3.453 88 -0.144 66 1.903 09 0.403 090 83 111.62 27 -1.42 

100 70 0.7 -3.757 87 -0.154 90 2.000 00 0.367 976 7 85 142.85 71 -0.65 

 

2nd Experiment at 400C 

 

C I.E% q     ln   

 [q/(1-q)c 

Log q Log C Log [q/(1-q)]    c/q Gibbs 

energy 

20 58.32 0.5832 -2.659 81 -0.234 18 1.301 03 0.145 889 81 34.293 55 -3.53 

40 63.88 0.6388 -3.118 72 -0.194 64 1.602 06 0.247 617 17 62.617 41 -2.34 

60 65.98 0.6598 -3.431 94 -0.180 59 1.778 15 0.287 678 90.936 65 -1.52 

80 67 0.67 -3.673 84 -0.173 93 1.903 09 0.307 560 86 119.403 -0.89 

100 65.9 0.659 -3.946 33 -0.181 11 2.000 00 0.286 131 04 151.7451 -0.18 
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3rd Experiment at 500C 

            

C I.E % q     ln  

[q /(1-q) c 

Log q Log C Log [q/(1-q)]      c/q Gibbs energy 

20 50 0.5 -2.995 73 -0.301 03 1.301 03 0 40 -2.74 

40 55.84 0.5584 -3.454 21 -0.253 05 1.602 06 0.101 916 345 71.633 24 -1.51 

60 58.64 0.5864 -3.745 24 -0.231 81 1.778 15 0.151 613 432 102.3192 -0.73 

80 57.94 0.5794 -4.061 72 -0.237 02 1.903 09 0.139 109 223 138.0739 0.12 

100 55.14 0.5514 -4.398 84 -0.258 53 2.000 00 0.089 607 493 181.3565 1.03 

   (iv) The table shows calculations of enthalpy of activation, activation energy, entropy 

and heats of adsorption 

Conc. 

(v/v %) 

Slope-1 Ea Slope-2 o

aH�'  Inter Entropy S-

Qads 

Qads 

(KJ/mol) 

Blank 9623 80.01 9310 77.40 -15.25 -70.75   

20 10606 88.18 10293 85.58 -17.57 -51.46 781.3    14.96 

40 11246 93.50 10394 86.42 -19.44 -35.92 1132    21.67 

60 11472 95.38 11159 92.78 -20.08 -30.59 1228    23.51 

80 11550 96.03 11237 93.42 -20.33 -28.52 1287    24.64 

100 11587 96.33 11274 93.73 -20.51 -27.02 1358    26.00 
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Appendix 2: Tables with weight loss results, calculations of inhibition efficiency, 

corrosion rate, adsorption isotherms, thermodynamic and kinetic 

parameters. (for the second objective) 

 

(i)  Tables show weight loss measurement results; experiments were repeated three 

times at each temperature and the average weight loss were calculated. 

     30 C      

C 

(v/v %) 

W-1 W-2 Weight 

loss-1 

W-1 W-2  Weight 

loss-2 

W-1 W-2 Weight 

loss-3 

Average 

weight 

loss 

Blank 1.3201 1.2502 0.0699 1.3289 1.2593 0.0696 1.2982 1.2284 0.0698 0.0698 

20 1.3775 1.3384 0.0391 1.3025 1.2635 0.039 1.3902 1.351 0.0392 0.0391 

40 1.3854 1.3520 0.0334 1.349 1.3156 0.0334 1.3308 1.2973 0.0335 0.0334 

60 1.3311 1.2995 0.0316 1.3238 1.2923 0.0315 1.2865 1.2548 0.0317 0.0316 

80 1.3809 1.3502 0.0307 1.3489 1.3182 0.0307 1.3294 1.2987 0.0307 0.0307 

100 1.3115 1.2807 0.0308 1.2588 1.2281 0.0307 1.3677 1.3368 0.0309 0.0308 

 

Conc 

(v/v%) 

      40 C      

 W-1 W-2 Weight 

loss-1 

W-1 W-2 Weight 

loss-2 

W-1 W-2 Weight loss-

3 

Average 

weight 

loss 

Blank 1.2988 1.1285 0.1703 1.2498 1.0792 0.1706 1.1387 0.9683 0.1704 0.1704 

20 1.3041 1.2053 0.0988 1.3102 1.2114 0.0988 1.1275 1.0287 0.0988 0.0988 

40 1.3142 1.2217 0.0925 1.3312 1.2387 0.0925 1.1184 1.0259 0.0925 0.0925 

60 1.3211 1.2341 0.087 1.2334 1.1463 0.0871 1.3011 1.2141 0.087 0.0870 

80 1.3108 1.2253 0.0855 1.2527 1.1671 0.0856 1.221 1.1355 0.0855 0.0855 

100 1.2995 1.2129 0.0866 1.2679 1.1812 0.0867 1.2324 1.1458 0.0866 0.0866 
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Conc. 

(v/v %) 

    50 C      

  W-1 W-2 Weight 

loss-1 

W-1 W-2 Weight 

loss-2 

W-1 W-2 Weight 

loss-3 

Average 

weight 

loss 

BLANK 1.23 0.8808 0.3492 1.3132 0.9641 0.3491 1.1876 0.8385 0.3491 0.3491 

20 1.3332 1.1139 0.2193 1.2887 1.0698 0.2189 1.334 1.115 0.219 0.2191 

40 1.2999 1.089 0.2109 1.1989 0.9884 0.2105 1.2312 1.0205 0.2107 0.2107 

60 1.2974 1.0947 0.2027 1.2795 1.0772 0.2023 1.2618 1.0594 0.2024 0.2025 

80 1.2829 1.0764 0.2065 1.3215 1.1154 0.2061 1.2813 1.075 0.2063 0.2063 

100 1.1245 0.9175 0.207 1.3308 1.1237 0.2071 1.3017 1.0947 0.207 0.2070 

           

(ii) Calculations involve In CR and ln (CR/T) at 300C, 400C, 500 C 

 C 303 K CR  ln CR    ln CR/T         1/T 

Blank 0.0698 0.000 324 59 -8.032 95 -13.746 68 0.003 300 33 

20 0.0391 0.000 181 83 -8.612 46 -14.326 19 0.003 300 33 

40 0.0334 0.000 155 32 -8.770 02 -14.483 76 0.003 300 33 

60 0.0316 0.000 146 95 -8.825 42 -14.539 16 0.003 300 33 

80 0.0307 0.000 142 76 -8.854 32 -14.568 05 0.003 300 33 

100 0.0308 0.000 143 23 -8.851 06 -14.564 80 0.003 300 33 

 

 C 313K    CR   ln CR   ln CR/T 1/T 

Blank 0.1704 0.000 792 41 -7.140 43 -12.886 63 0.003 194 89 

20 0.0988 0.000 459 45 -7.685 48 -13.431 68 0.003 194 89 

40 0.0925 0.000 430 15 -7.751 37 -13.497 57 0.003 194 89 

60 0.0870 0.000 404 58 -7.812 67 -13.558 87 0.003 194 89 

80 0.0855 0.000 397 60 -7.830 06 -13.576 27 0.003 194 89 

100 0.0866 0.000 402 72 -7.817 28 -13.563 48 0.003 194 89 
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 C 323 CR  ln CR ln CR/T 1/T 

Blank 0.3491 0.001 623 42 -6.423 22 -12.200 87 0.003 095 98 

20 0.2191 0.001 018 88 -6.889 05 -12.666 70 0.003 095 98 

40 0.2107 0.000 979 82 -6.928 14 -12.705 80 0.003 095 98 

60 0.2025 0.000 941 69 -6.967 84 -12.745 49 0.003 095 98 

80 0.2063 0.000 959 36 -6.949 25 -12.726 90 0.003 095 98 

100 0.2070 0.000 962 61 -6.945 86 -12.723 51 0.003 095 98 

(iii) A table which shows the values used for adsorption isotherm test and Gibbs 

energy at each temperature. 

 TEMP.        

C   303K 

(I.E %) 

q     Ln  

[q/(1-q)c] 

Log q Log c     Log 

[q/(1-q)] 

c/q Gibbs 

(kJ/mol) 

20 43.98 0.4398 -3.237 71 -0.356 74 1.301 03 -0.105 09 45.475 22 -1.96 

40 52.15 0.5215 -3.602 83 -0.282 75 1.602 06 0.037 37 76.701 82 -1.04 

60 54.73 0.5473 -3.904 58 -0.261 77 1.778 15 0.082 41 109.629 09 -0.28 

80 56.02 0.5602 -4.140 05 -0.251 66 1.903 09 0.105 09 142.806 14 0.31 

100 55.87 0.5587 -4.369 28 -0.252 82 2.000 00 0.102 44 178.986 93 0.89 

 

 

C 

   313K 

(I.E %) 

q ln 

[q/(1-q)c] 

Log q Log c Log 

[q/(1-q)] 

c/q Gibbs 

(kJ/mol) 

20 42.02 0.4202 -3.317 68 -0.376 54 1.301 03 -0.139 82 47.596 38 -1.82 

40 45.72 0.4572 -3.860 50 -0.339 89 1.602 06 -0.074 53 87.489 06 -0.41 

60 48.94 0.4894 -4.136 75 -0.310 34 1.778 15 -0.018 42 122.599 10 0.31 

80 49.82 0.4982 -4.389 23 -0.302 60 1.903 09 -0.003 13 160.578 08 0.97 

100 49.18 0.4918 -4.637 97 -0.308 21 2.000 00 -0.014 25 203.334 69 1.62 
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C 323K 

(I.E %) 

q ln 

[q/(1-q)c] 

Log q      Log   

c 

Log 

[q/(1-q)] 

c/q Gibbs (kJ/mol) 

20 37.24 0.3724 -3.517 67 -0.428 99 1.301 03 -0.226 67 53.705 69 -1.34 

40 39.64 0.3964 -4.109 37 -0.401 87 1.602 06 -0.182 62 100.908 17 0.25 

60 41.99 0.4199 -4.417 53 -0.376 85 1.778 15 -0.140 36 142.891 16 1.08 

80 40.91 0.4091 -4.749 71 -0.388 17 1.903 09 -0.159 68 195.551 21 1.97 

100 40.7 0.407 -4.981 55 -0.390 41 2.000 00 -0.163 46 245.700 25 2.59 

         

(iv) The table shows calculations of enthalpy of activation, activation energy, entropy 

and heats of adsorption. 

C Slope-1 o

aH�'  Slope-2 Ea Inter. Entropy S-Qads Qads 

(kJ/mol) 

Blank 7884 65.55 7571 62.95 11.26 -103.92   

20 8437 70.15 8125 67.55 12.5 -93.62 592 11.34 

40 9020 74.99 8708 72.40 14.28 -78.82 1076 20.60 

60 9096 75.62 8783 73.02 14.47 -77.24 1089 20.85 

80 9327 77.54 9014 74.94 15.19 -71.25 1293 24.76 

100 9328 77.55 9016 74.96 15.21 -71.08 1299 24.87 

Note 

W-1= Initial weight  

W-2= Final weight  

Weight loss-1, 2 & 3 are the weights lost at the same temperature because each experiment 

was done three times 

Average weight loss= the average of Weight loss-1, Weight loss-2 and Weight loss-3 

C= Concentration 

Inter. = Intercept used in calculations of entropy 

Slope-1= Slope used in calculations of activation energy 
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aE = Activation energy 

Slope-2= Slope used in calculations for enthalpy of activation 

o

aH�' = Entropy of activation 

S-Qads= Slopes used in calculations of heats of adsorption 

Qads= Heat of adsorption 

The following are the Formulas on determination of adsorption isotherms, and 

calculations of kinetic and thermodynamic parameters. 

Equations used for testing adsorption isotherms by plotting graphs (For both objectives). 

(i) Langmuir adsorption isotherm 

C
v e r su s C

�T  

The equation used 

1C
C

K�T
�  � �

 

(ii) Temkin adsorption isotherm 

lo gversu s C�T
 

Apply natural logarithm both sides and then express it in log base 10 

ex p ( 2 )a K C�T� � �   

�� ��
1

ln ln C
2

K
a

�T � �� ��
 

1 .1 5 1 5 1 .1 5 1 5lo g C lo g K

a a
�T � �� ��
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Appendix 3: Graphs for adsorption isotherms, and calculations of kinetic and 

thermodynamic parameters (for the first objective). 

(i) Graphs for adsorption isotherm at 303 K, 313K and 323K 
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(ii) Activation energy 
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(iii) Enthalpy of activation 
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(iv) Heats of adsorption 
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Appendix 4: Graphs for adsorption isotherms, and calculations of kinetic and 

thermodynamic parameters (for the second objective). 

(i) Adsorption isotherms 
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