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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 
 

COCONUT PULP WASTE EXTRACT (Cocos nucifera L.) AS CORROSION 

INHIBITOR FOR MILD STEEL IN 1.0 M ACID CORROSION 

 

By 

 

NORIN HAFIZAH BINTI RAHIM 

 

April 2017 

 

 

Chairman  : Shafreeza Binti Sobri, PhD  

Faculty   : Engineering 

 

 

 

Corrosion control method, especially the use of inhibitors has gained monumental 

importance nowadays. The demand for green inhibitor to replace toxic one has increased 

tremendously. The use of local wastes which are organic in nature for the production of 

green corrosion inhibitor is no doubt the trend of the day. To arrive at an inexpensive, 

non-toxic and eco-friendly inhibitor formulation, the present study on the use of coconut 

pulp waste extract of Cocos nucifera L. has been carried out. Coconut pulp waste were 

chosen to be extracted and investigated in terms of their corrosion inhibition efficiencies 

for mild steel in 1.0 M HCl using weight loss analysis at different inhibitor concentrations 

and immersion time, tafel polarization curve and impedance curve at different inhibitor 

concentrations. The interaction between inhibitor and specimen surface was study using 

Langmuir, Freundlich and Temkin adsorption isotherms. Weight loss measurement were 

conducted at different of immersion time which is at 6, 12, 18, 24 and 48 hours. Result 

from weight loss study showed that as the concentration of the inhibitor increases, the 

rate of corrosion decreases. It also showed that as the concentration of the inhibitor 

increases, the inhibition efficiency also increases up to 94.52 %. Further examination 

study using scanning electron microscopy (SEM) showed the deposition of coconut pulp 

extract on the metal surface. In potentiodynamic polarization method and 

electrochemical impedance spectroscopy the electrochemical measurement were carried 

out using Autolab Potentiostat/Galvonastat. The experiments were conducted using 250 

ml of electrolyte (1 M HCl) without and with different concentrations of the extracts of 

2, 4, 6, 8, and 10 % v/v. The obtained inhibition efficiencies of extracts from polarization 

measurements was 89.38 % and 83.47 % from the impedance measurement. The 

impedance measurement revealed that when the concentration of the coconut pulp 

increased the charge transfer resistance increased and the double layer capacitance 

decreased. In polarization measurement the value from corrosion current Ecorr suggested 

that coconut pulp extract is a mixed type nature of the inhibitor molecules. The 

adsorption interaction between the corrosion inhibitor with mild steel surface obey the 

Langmuir adsorption isotherm as the value of the correlation coefficient (R2) is very near 

to unity. From the value of free energy of adsorption (ΔG°ads) showed a spontaneous 

adsorption and physisorption process is occurred. 
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Kaedah kawalan hakisan, terutamanya penggunaan perencat telah meraih perhatian 

penting pada masa kini untuk menggantikan  perencat yang bertoksik kepada mesra alam. 

Penggunaan bahan buangan yang organik secara semulajadi untuk menghasilkan 

perencat mesra alam adalah tidak lagi meragukan. Untuk mencapai satu formulasi 

perencat yang murah, tidak mengandungi toksik dan mesra alam, kajian menggunakan 

ekstrak hampas kelapa telah di jalankan. Kelapa sisa pulpa telah dipilih untuk diekstrak 

dan disiasat dari segi kecekapan perencatan kakisan untuk keluli lembut dalam 1.0 M 

HCl menggunakan kaedah penurunan berat pada masa rendaman dan berbeza kepekatan 

perencat, polarisasi tafel dan impedans pada berbeza kepekatan perencat. Interaksi antara 

permukaan keluli lembut dan perencat juga di siasat menggunakan Langmuir, Freundlich 

dan Temkin penjerapan isoterma. Pengukuran berat badan telah dijalankan di masa yang 

berbeza rendaman iaitu pada 6, 12, 18, 24 dan 48 jam. Dalam kaedah penurunan berat, 

spesimen direndam dalam 100 ml elektrolit (1.0 M HCl) tanpa dan dengan kepekatan 

yang berbeza daripada ekstrak 2, 4, 6, 8, dan 10 v/v%. Keputusan daripada kajian 

penurunan berat menunjukkan bahawa bertambah kepekatan perencat, kadar kakisan 

berkurangan. Ia juga menunjukkan bahawa bertambah kepekatan perencat, kecekapan 

perencatan juga meningkat sehingga 94.52%. Kajian pemeriksaan lanjut dengan 

menggunakan mikroskop elektron pengimbas (SEM) menunjukkan bahawa pemendapan 

ekstrak pulpa kelapa pada permukaan logam. Autolab Potentiostat / Galvonastat di 

gunakan dalam kaedah polarisasi potentiodynamic dan elektrokimia impedans 

spektroskopi. Kajian ini telah dijalankan dengan menggunakan 250 ml elektrolit (1 M 

HCl) tanpa dan dengan kepekatan yang berbeza daripada ekstrak 2, 4, 6, 8, dan 10 v/v%. 

Kecekapan perencatan diperolehi daripada ekstrak dari ukuran polarisasi adalah 89.38% 

dan 83.47% dari pengukuran galangan. Pengukuran impedance menunjukan kepekatan 

pulpa kelapa meningkat rintangan pemindahan caj meningkat dan lapisan kemuatan 

double menurun. Dalam pengukuran polarisasi nilai daripada Ecorr semasa kakisan 

mencadangkan bahawa ekstrak pulpa kelapa adalah sejenis sifat campuran molekul 

inhibitor. Interaksi penjerapan antara perencat dan permukaan keluli lembut adalah 

mematuhi penjerapan Langmuir di mana nilai pekali korelasi adalah sangat hampir 

dengan satu. Daripada nilai tenaga bebas penjerapan (ΔG°ads) menunjukkan penjerapan 

dan physisorption proses spontan yang berlaku. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1  Background of study 

 

 

In recent years, mild steel is widely used in the engineering material of construction 

industry because of its excellent in mechanical properties, easy fabrication and also very 

economical compared to other metallic materials. Often, mild steel is used in the 

fabrication of reaction vessel and storage tanks (Kamal & Sethuraman, 2012). 

Meanwhile hydrochloric acid (HCl) acid is broadly utilized in several industries as 

pickling of steel, production of inorganic and organic compound, oil well acidification, 

descaling and cleaning agents to remove the unwanted oxide films and corrosion 

products (Afia et al., 2012; Chen et al., 2013). Compared to other mineral acids, HCl is 

generally used because of its benefits which are low cost, productive and straightforward 

(Gopiraman et al., 2012). 

 

 

In the presence of acid, mild steel will corrode easily especially in petrochemical 

industries which is in cleaning process, the reaction between the hydrochloric acid and 

the mild steel will form a corrosion (Anupama et al., 2015). Another example is the 

removal of harmful rust in some industrial processes which is carried out by mainly acid 

pickling using hydrochloric acid solution. Thus, corrosion caused by mild steel in the 

presence of acidic solution need to be solved and overcome as it is the main concern 

nowadays (Li et al., 2009). 

 

 

The effects of the corrosion on the environment is important and need to be addressed 

because the corrosion problem have become worldwide. Corrosion can cause adverse 

impact on the industry and effect economic losses due to cost needed for replacement of 

affected equipment and structure for repairing purpose (Al-amiery et al., 2015). These 

effects of corrosion affect the economy as well as can give some negative implications 

to people working in the industry and the area nearby. The example of an industry that 

is affected by the corrosion is the petroleum industry and it also is estimated that the 

corrosion costs 2.5 billion dollar/annum loss (Afia et al., 2014). 

 

 

To overcome the effects of corrosion, many methods have been used to protect the 

metals, but among the method the use of inhibitor is very famous because of it is easy to 

apply (Raja & Sethuraman, 2008). Inhibitors are substances that decelerate the rate of 

corrosion (Rajalakshmi & Safina, 2012). Good inhibitors contain heterocyclic 

compounds containing O, S and N as heteroatoms (Kamal & Sethuraman, 2012). The 

utilization of inhibitors in slowing down the rate of corrosion has turned out to be 

proficient and generally practicable. Nonetheless, most of the compounds that build this 

inhibitor are toxic to the environments and human (Bhawsar, 2015). Due to the toxicity 

of these inhibitor, researchers have discovered other alternative to replace the toxic 

inhibitor. This is called green inhibitor which are non- toxic and not harmful to the 

environment (Sangeetha et al., 2011).In addition, due to the high operating cost of 
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synthetic inhibitor and its environmental effects, the research findings show the  

synthetic  corrosion inhibitor cannot be utilized (Kamal & Sethuraman, 2012). As result 

of that, there are research being carried out recently to find the potential use of green 

corrosion inhibitor (Ji et al., 2015). The utilization of natural product to protect metal 

against corrosion has become popular and there are many reports on the effectiveness of 

the natural product in the inhibition of the metal in various acid media. The source of the 

natural product comes from fruits, plants and their peels which are a very good source 

for active organic compound (Muthukrishnan et al., 2015). Therefore, the utilization of 

natural product is not only low cost but also is environment friendly (Kamal & 

Sethuraman, 2012). 

 

 

The research on the natural products as green inhibitor for corrosion inhibitor is an 

important field to study due to eco-friendly and the source of the natural products are 

cheap, readily available, and ecologically acceptable (Abdel-Gaber et al., 2006). Recent 

literature study shows that green inhibitor are found in natural product and proved to be 

effective against corrosion. These product among them are spirulina plantesis (Kamal & 

Sethuraman, 2012), litchi (Ramananda Singh et al., 2015), watermelon rind (Odewunmi 

et al., 2014), mangrove tannin (Shah et al., 2013), turmeric and ginger  (Aziz & Sirat, 

2015), apricot juice (Yaro et al., 2013). As a result, researchers have come up with a 

good number of naturally occurring substances which can be used as inhibitors for metals 

corrosion in different aggressive mediums.  

 

 

In the present study, the selected natural product which is a waste from coconut pulp of 

Cocos nucifera L is examined for its potential to inhibit corrosion of mild steel in acid 

media. Furthermore there are no recent study about this natural product on the reported 

literature. Cocos nucifera L is an unbranched monoecious plant of the Palmae family. 

Coconut is one of the key plantation crops of the tropics which is a member of the 

monocotyledonous family Aracaceae (Yong et al., 2009).   

 

 

1.2  Problem statement 

 

 

In recent years, industrial sectors are concerned with the corrosion of metal and alloys 

and they also received huge attention from researcher to overcome these problems (Al-

amiery et al., 2015). To decelerate the rate of corrosion or to stop the corrosion to occur, 

it has become an interesting and comprehensive field to be explored and studied. One of 

the common methods to deal with this problems is using the chemical inhibitor. The 

chemical inhibitor derived from the compound of synthetic origins has their own 

limitation which is not environmental friendly ( Afia et al., 2014). Furthermore, due to 

the increasing of ecological awareness and the rigid environmental regulation, 

researchers begin to find other alternative methods to substitute the inhibitor from the 

hazardous to the eco-friendly inhibitor (Kamal & Sethuraman, 2012). Natural products 

are cheap and environmental safe. Hence, the benefits of using natural product extracts 

as corrosion inhibitors is welcome as they are environmental friendly. The extracts of the 

plant products are heteroatoms groups, molecular and electronic structures which show 

close similarity to those of conventional organic inhibitor molecules that serve as 

corrosion inhibitor (Özcan et al., 2008). 
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1.3  Significance of the research 

 

 

As mentioned above, industrial sectors are affected due to corrosion. Therefore, the use 

of natural inhibitor rather than synthetic inhibitor is the best solution to overcome or 

minimizing the corrosion. In this research, the waste from coconut pulp was used as 

corrosion inhibitor for mild steel in acid solution. The coconut pulp extract which is from 

waste is very valuable and the cost of materials is very low. It is shows environmentally 

safe besides materials are eco-friendly (Yaro et al., 2013). Here trash is being used to 

create wealth. Therefore, the findings of this research will give beneficial for all 

industries that use mild steel under corrosive media. As a consequence, this research 

brings benefits which is environmentally safe and it is applicable to all industries to 

decelerate the corrosion.  

 

 

1.4  Objectives 

 

 

The objectives of the research are: 

 

1 To evaluate the inhibition efficiency of coconut pulp waste extract as corrosion 

inhibitor in 1.0 M HCl using weight loss analysis (at different inhibitor 

concentrations and immersion time), tafel polarization curve and impedance curve 

(at different inhibitor concentrations).  

2 To study the interaction between inhibitor and specimen surface using Langmuir, 

Freundlich and Temkin adsorption isotherms. 

 

 

1.5  Scope of study 

 

 

The scope of this study focuses on the inhibitive properties of waste product of coconut 

pulp (Cocos nucifera L.) in acid media on mild steel in 1.0 M HCl. In this research, there 

are divided and focused into 5 parts. Firstly is the preparation and characterization of 

active compound of inhibitor in coconut pulp waste extract. The coconut pulp waste 

extract was prepared from the waste material of coconut pulp to a powder form before 

reflux process. The functional group contained in the coconut pulp waste was identified 

using FTIR analysis. Secondly is the weight loss study to know the inhibition efficiency 

of the mild steel in 1.0M HCl at different concentration of inhibitor and time of 

immersion. Different concentration of 2, 4, 6, 8, and 10 % v/v of coconut pulp extract 

were used at different time immersion at 6, 12, 18, 24, and 48 hours. Results from the 

weight loss analysis were used to study the interaction between inhibitor and mild steel 

surface. There are three types of different isotherms were studied namely langmuir, 

freundlich and temkin isotherms. Electrochemical measurement which is tafel 

polarization curve and impedance curve were recorded using a three-electrode cell by 

Autolab potentiostat. Lastly it is to study and compare the morphology of the surface 

with and without the presence of inhibitor using SEM and EDX analysis. 

 

 

 

 



© C
OPYRIG

HT U
PM

 57  
 

REFERENCES 

 

 

Afia, L., Benali, O., Salghi, R., Ebenso, E. E., Jodeh, S., Zougagh, M., & Hammouti, B. 

(2014). Steel corrosion inhibition by acid garlic essential oil as a green corrosion 

inhibitor and sorption behavior. International Journal of Electrochemical Science, 

9(12), 8392–8406. 

 

 

Afia, L., Salghi, R., Bazzi, E. H., Zarrouk, A., Hammouti, B., Bouri, M.,  Bammou, L. 

(2012). Argan hulls extract: green inhibitor of mild steel corrosion in 1 M HCl 

solution. Research on Chemical Intermediates, 38(8), 1707–1717.  

 

 

Al-amiery, A. A., Al-majedy, Y. K., Kadhum, A. A. H., & Mohamad, A. B. (2015). New 

Coumarin Derivative as an Eco-Friendly Inhibitor of Corrosion of Mild Steel in 

Acid Medium, Molecules, 20, 366–383.  

 

 

Anagement, M., Al-haj-ali, A. M., Jarrah, N. A., Azu, N. D. M. U., & Rihan, O. (2014). 

Thermodynamics and Kinetics of Inhibition of Aluminum in Hydrochloric Acid 

by Date Palm Leaf Extract. Journal Of Applied Science And Environmental, 18(3), 

543-551. 

 

 

Anupama, K. K., Ramya, K., Shainy, K. M., & Joseph, A. (2015). Adsorption and 

electrochemical studies of Pimenta dioica leaf extracts as corrosion inhibitor for 

mild steel in hydrochloric acid. Materials Chemistry and Physics, 167, 28–41.  

 

 

Anupama, K. K., & Abraham, J. (2012). Electroanalytical studies on the corrosion 

inhibition behavior of guava (Psidium guajava) leaves extract on mild steel in 

hydrochloric acid. Research on Chemical Intermediates, 39(9), 4067–4080.  

 

 

Asworth, V., Booker, C., Charlton, H., & Fairhurst, J. (2012). A Short Introduction To 

Corrosion and Its Control Corrosion of Metals and Its Prevention. 

Corrosion&Protection, 1–9. 

 

 

Aziz, M., & Sirat, H. M. (2015). Turmeric And Ginger As Green Inhibitors Of Mild Steel 

Corrosion In Acidic Medium. Journal of Material and Environmental Science, 

6(5), 1480–1487. 

 

 

Abdel-Gaber, A. M., Abd-El-Nabey, B. A., Sidahmed, I. M., El-Zayady, A. M., & 

Saadawy, M. (2006). Inhibitive action of some plant extracts on the corrosion of 

steel in acidic media. Corrosion Science, 48(9), 2765–2779. 

 

 

B.G.Clubley. (1988). Chemical Inhibitors for Corrosion Control: The Proceedings of an 



© C
OPYRIG

HT U
PM

 58  
 

International Symposium, Organized by the Industrial Division of the Royal 

Society of Chemistry and the Institution of Corrosion Science and Technology, 

University of Manchester, 21st-22nd April 1988. 

 

 

Banerjee, S., Srivastava, V., & Singh, M. M. (2012). Chemically modified natural 

polysaccharide as green corrosion inhibitor for mild steel in acidic medium. 

Corrosion Science, 59, 35–41.  

 

 

Bentiss, F., Traisnel, M., Gengembre, L., & Lagrenée, M. (1999). New triazole derivative 

as inhibitor of the acid corrosion of mild steel: Electrochemical studies, weight loss 

determination, SEM and XPS. Applied Surface Science, 152, 237–249.  

 

 

Bhawsar, J. (2015). Experimental and computational studies of Nicotiana tabacum leaves 

extract as green corrosion inhibitor for mild steel in acidic medium. Alexandria 

Engineering Journal, 54(3), 769–775.  

 

 

Bothi, P., Kaleem, A., Abdul, A., Osman, H., & Awang, K. (2013). Neolamarckia 

cadamba alkaloids as eco-friendly corrosion inhibitors for mild steel in 1 M HCl 

media. Corrosion Science, 69, 292–301. 

 

 

Chen, G., Zhang, M., Pang, M., Hou, X., Su, H., & Zhang, J. (2013). Extracts of Punica 

granatum Linne husk as green and eco-friendly corrosion inhibitors for mild steel 

in oil fields. Research on Chemical Intermediates, 39, 3545–3552. 

 

 

Craig, B., & Pohlman, S. L. (1992). Forms of Corrosion. ASM Metals Handbook - Vol. 

13. 

 

 

Coates, J. (2006). Interpretation of Infrared Spectra, A Practical Approach. Encyclopedia 

of Analytical Chemistry, 1–23. Newtown, USA.  

 

 

Dasami, P. M., Parameswari, K., & Chitra, S. (2015). Corrosion inhibition of mild steel 

in 1M H2SO4 by thiadiazole Schiff bases. Measurement, 69, 195–201.  

 

 

Ding, S., Chang, B., Wu, C., Lai, M., & Chang, H. (2005). Electrochemical Evaluation 

Of Avidin-Biotin Interaction On Self-Assembled Gold Electrodes. Electrochimica 

Acta. 50, 3660–3666. 

 

 

Dong-dong, L., & Yong-mei, F. (2008). Construction and Characterization of a cDNA 

Library from the Pulp of Coconut ( Cocos nucifera L.). Agricultural Sciences in 

China, 7(September), 1071–1076. 

 



© C
OPYRIG

HT U
PM

 59  
 

El-lateef, H. M. A. (2015). Experimental and computational investigation on the 

corrosion inhibition characteristics of mild steel by some novel synthesized imines 

in hydrochloric acid solutions. Corrosion Science, 92, 104–117.  

 

 

Elbouchtaoui, M. C., Anejjar, A., Salghi, R., Chebli, B., Hassani, L. M. I., Hmamouchi, 

M., & Hammouti, B. (2014). Inhibition of steel corrosion in 1 M HCl by the 

essential oil of Thymus pallidus. Der Pharma Chemica, 6(4), 406–414. 

 

 

Ghosh, K. S., Maiti, T. K., & Dasgupta, S. (2004). Green tea polyphenols as inhibitors 

of ribonuclease A. Biochemical and Biophysical Research Communications. 325, 

807–811.  

 

 

Gopiraman, M., Sakunthala, P., Kesavan, D., Alexramani, V., Kim, I. S., & Sulochana, 

N. (2012). An investigation of mild carbon steel corrosion inhibition in 

hydrochloric acid medium by environment friendly green inhibitors. Journal of 

Coatings Technology and Research, 9(1), 15–26. 

  

 

Hamdaoui, O., & Naffrechoux, E. (2007). Modeling of adsorption isotherms of phenol 

and chlorophenols onto granular activated carbon. Part I. Two-parameter models 

and equations allowing determination of thermodynamic parameters. Journal of 

Hazardous Materials, 147(1-2), 381–394.  

 

 

Helen, L. Y. S., Rahim, A. A., Saad, B., Saleh, M. I., & Raja, P. B. (2014). Aquilaria 

Crassna Leaves Extracts – a Green Corrosion Inhibitor for Mild Steel in 1 M HCl 

Medium. International Journal of Electrochemical Science. 9, 830–846. 

 

 

Hussin, M. H., & Kassim, M. J. (2010). Electrochemical Studies of Mild Steel Corrosion 

Inhibition in Aqueous Solution by Uncaria gambir Extract. Journal of Physical 

Science, 21(1), 1-13. 

 

 

Ibrahim, T. H., & Zour, M. A. (2011). Corrosion Inhibition of Mild Steel using Fig 

Leaves Extract in Hydrochloric Acid Solution. International Journal of 

Electrochemical Science, 6(12), 6442. 

 

 

Ibrahim, M., Nada, A., Kamal, D. E., & Richardson, J. (2005). Density functional theory 

and FTIR spectroscopic study of carboxyl group. Indian Journal of Pure & Applied 

Physics, 3610(December), 911–917. 

 

 

Jackson, J. (2014). Application of corrosion inhibitors for steels in acidic media for the 

oil and gas industry : A review. Corrosion Science, 86, 17–41.  

 

Ji, G., Anjum, S., Sundaram, S., & Prakash, R. (2015). Musa paradisica peel extract as 



© C
OPYRIG

HT U
PM

 60  
 

green corrosion inhibitor for mild steel in HCl solution. Corrosion Science, 90, 

107–117.  

 

 

Kamal, C., & Sethuraman, M. G. (2012). Spirulina platensis as  A novel green inhibitor 

for acid corrosion of mild steel. Arabian Journal of Chemistry, 5, 155–161.  

 

 

Kamal, C., & Sethuraman, M. G. (2013). Hydroclathrus clathratus marine alga as a green 

inhibitor of acid corrosion of mild steel. Research on Chemical Intermediates, 

39(8), 3813–3828.  

 

 

Kassim, M. J., & Wei, T. K. (2012). Plants Polyphenols : An Alternative Corrosion 

Inhibitor Source for Green, 2(2), 22–24. The Proceedings of 2nd Annual 

International Conference Syiah Kuala University 2012 & 8th IMT-GT Uninet 

Biosciences Conference Banda Aceh. 

 

 

Kanayo, K., Joseph, S., & Tomi, O. (2016). Corrosion inhibition and adsorption 

mechanism studies of Hunteria umbellata seed husk extracts on mild steel 

immersed in acidic solutions. Alexandria Engineering Journal, 55(1), 673–681.  

 

 

Karthik, G., & Sundaravadivelu, M. (2015). Studies on the inhibition of mild steel 

corrosion in hydrochloric acid solution by atenolol drug. Egyptian Journal of 

Petroleum . 

 

 

Kumar, K. P. V., Pillai, M. S. N., & Thusnavis, G. R. (2010). Inhibition of mild steel 

corrosion in Hydrochloric acid by the seed husk extract of Jatropha curcas, 1(2), 

119–128. 

 

 

Kuznetsov, V., Maljusch, A., Souto, R. M., Bandarenka, A. S., & Schuhmann, W. 

(2014). Electrochemistry Communications Characterisation of localised corrosion 

processes using scanning electrochemical impedance microscopy. 

Electrochemistry Communications, 44, 38–41. 

 

 

Li, X., Deng, S., Fu, H., & Li, T. (2009). Adsorption and inhibition effect of 6-

benzylaminopurine on cold rolled steel in 1.0 M HCl. Electrochimica Acta, 54(16), 

4089–4098.  

 

 

Maa, P. (2011). Corrosion and Corrosion Protection. Handbook of Hot-dip 

Galvanization.Weinheim 

 

 

Mittal, A., Kurup, L., & Mittal, J. (2007). Freundlich And Langmuir Adsorption 

Isotherms And Kinetics For The Removal Of Tartrazine From Aqueous Solutions 



© C
OPYRIG

HT U
PM

 61  
 

Using Hen Feathers. Journal of Hazardous Material, 146, 243–248.  

 

 

Mourya, P., Banerjee, S., & Singh, M. M. (2014). Corrosion inhibition of mild steel in 

acidic solution by Tagetes erecta ( Marigold flower ) extract as a green inhibitor. 

Corrosion Science, 85, 352–363.  

 

 

Muthukrishnan, P., Jeyaprabha, B., & Prakash, P. (2013). Corrosion Inhibition and 

Adsorption Behavior of Setaria verticillata Leaf Extract in 1M Sulphuric Acid. 

Journal of Materials Engineering and Performance, 22(12), 3792–3800.  

 

 

Natarajan, K. A. (2014). Corrosion: Introduction. Advances in Corrosion 

Engineering.Bangalore.  

 

 

Nechifor, G., Pascu, D. E., Neagu, M. P., Traistaru, G. A., & Albu, P. C. (2015). 

Comparative study of temkin and floryhuggins isotherms for adsorption of 

phosphate anion on membranes. UPB Scientific Bulletin, Series B: Chemistry and 

Materials Science, 77(2), 63–72. 

 

 

Nwabanne, J. T., & Okafor, V. N. (2012). Adsorption and Thermodynamics Study of the 

Inhibition of Corrosion of Mild Steel in H2SO4 Medium Using Vernonia 

amygdalina. Journal of Minerals and Materials Characterization and 

Engineering,11, 885–890. 

 

 

Obi-egbedi, N. O., Obot, I. B., & Umoren, S. A. (2012). Spondias mombin L . as a green 

corrosion inhibitor for aluminium in sulphuric acid : Correlation between inhibitive 

effect and electronic properties of extracts major constituents using density 

functional theory. Arabian Journal of Chemistry, 5(3), 361–373.  

 

 

Odewunmi, N. a., Umoren, S. a., & Gasem, Z. M. (2014). Utilization of watermelon rind 

extract as a green corrosion inhibitor for mild steel in acidic media. Journal of 

Industrial and Engineering Chemistry, 21, 239–247.  

 

 

Odewunmi, N. A., Umoren, S. A., Gasem, Z. M., Ganiyu, S. A., & Muhammad, Q. 

(2015). l -Citrulline : An active corrosion inhibitor component of watermelon rind 

extract for mild steel in HCl medium. Journal of the Taiwan Institute of Chemical 

Engineers,1–9. 

 

 

Oguzie, E. E., Li, Y., & Wang, F. H. (2007). Corrosion Inhibition And Adsorption 

Behavior Of Methionine On Mild Steel In Sulfuric Acid And Synergistic Effect Of 

Iodide Ion. Journal of Colloid and Interface Science, 310, 90–98.  

 

Özcan, M., Solmaz, R., Kardaş, G., & Dehri, İ. (2008). Adsorption properties of 



© C
OPYRIG

HT U
PM

 62  
 

barbiturates as green corrosion inhibitors on mild steel in phosphoric acid. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects, 325(1-2), 57–63.  

 

 

P. Bothi Raja & M.G. Sethuraman (2010). Studies on the Inhibition of Mild Steel 

Corrosion by Rauvolfia serpentina in Acid Media. Journal of Material Engineering 

and Performance. 19, 761–766 

 

 

Patel, N. S., Jauhariand, S., Mehta, G. N., Warad, I., & Hammouti, B. (2013). Mild Steel 

Corrosion Inhibition by Various Plant Extracts in 0.5 M Sulphuric acid. 

International Journal of Electrochemical Science, 8, 2635–2655. 

 

 

Popov, B. N. (2015). Chapter 5 - Basics of Corrosion Measurements. (pp. 181–237). 

Amsterdam. Elsevier.  

 

 

Rafael Martinez Palou, Octavio Olivares-Xomelt and Natalya V. Likhanova. (2011). 

Environmentally friendly corrosion inhibitors. Developments in Corrosion 

Protection, 257–303.  

 

 

Rahimi, M., & Vadi, M. (2014). Langmuir, Freundlich and Temkin Adsorption 

Isotherms of Propranolol on Multi-Wall Carbon Nanotube. Journal. of Modern 

Drug Discovery And Drug Delivery Research, 1–3.  

 

 

Raja, P. B., & Sethuraman, M. G. (2008). Natural products as corrosion inhibitor for 

metals in corrosive media — A review. Materials Letters, 62(1), 113–116.  

 

 

Rajalakshmi, R., & Safina,  a. S. (2012). Staminate Flower of Cocos Nucifera as Green 

Inhibitor for Mild Steel in HCl Medium. E-Journal of Chemistry, 9(3), 1632–1644.  

 

 

Ramananda Singh, M., Gupta, P., & Gupta, K. (2015). The litchi (Litchi Chinensis) peels 

extract as a potential green inhibitor in prevention of corrosion of mild steel in 

0.5M H2SO4 solution. Arabian Journal of Chemistry, 1–6. 

  

 

Roberge, P. R., & Pierre, R. (1999). Handbook of Corrosion Engineering Library of 

Congress Cataloging-in-Publication Data. Mc-Graw Hill. United States of 

America. 

 

 

Sato, N. (2011). Basics of Corrosion Chemistry. Green Corrosion Chemistry and 

Engineering: Opportunities and Challenges, 1–32. First Edition. Edited by Sanjay 

K. Sharma. Published by Wiley-VCH Verlag GmbH & Co. KGaA. 

 

Shoesmith, D. W. (1987). Kinetics of aqueous corrosion. ASM Handbook: Corrosion 



© C
OPYRIG

HT U
PM

 63  
 

Vol 13, 49–70. University of New Brunswick, Canada. 

 

 

Sangeetha, M., Rajendran, S., Muthumegala, T. S., & Krishnaveni,a. (2011). Green 

corrosion inhibitors-An Overview. Zastita Materijala, 52, 3. 

 

 

Shah,a. M., Rahim,a. a., Hamid, S. a., & Yahya, S. (2013). Green inhibitors for copper 

corrosion by Mangrove tannin. International Journal of Electrochemical Science, 

8(2), 2140–2153. 

 

 

Sharifnia, S. (2013). Characterization, Isotherm and Kinetic Studies for Ammonium Ion 

Adsorption By Light Expanded Clay Aggregate ( LECA ). Journal Of Saudi 

Chemical Society.  

 

 

Shreir, L. L. (1994). Corrosion Control. Volume 2, Second Edition. Oxford : 

Butterworth-Heinemann 

 

 

Singh, A., Ahamad, I., & Quraishi, M. A. (2012). Piper longum extract as green corrosion 

inhibitor for aluminium in NaOH solution. Arabian Journal of Chemistry.  

 

 

Singh, A. K., Mohapatra, S., & Pani, B. (2016). Corrosion Inhibition Effect Of Aloe Vera 

Gel : Gravimetric And Electrochemical Study. Journal of Industrial and 

Engineering Chemistry.33, 288–297. 

 

 

State, K., State, E., & State, K. (2012). Langmuir , Freundlich , Temkin and Dubinin – 

Radushkevich Isotherms Studies of Equilibrium Sorption of Zn2+ Unto Phosphoric 

Acid Modified Rice Husk. Journal of Applied Chemistry, 3(1), 38–45. 

 

 

Tamara Radetic (2011). Fundamentals of Scanning Electron Microscopy and Energy 

Dispersive X-ray Analysis in SEM and TEM SEM : Basic Principles SEM : 

Electron Gun, NFMC Spring School on Electron Microscopy.Serbia.  

 

 

Turcio-ortega, D., Pandiyan, T., & García-ochoa, E. M. (2007). Electrochemical 

Impedance Spectroscopy ( EIS ) Study of the Film Formation of 2-imidazoline 

Derivatives on Carbon Steel in Acid Solution. Corrosion Science, 13(2), 163–166. 

 

 

Umoren, S. A., Eduok, U. M., Solomon, M. M., & Udoh, A. P. (2011). Corrosion 

inhibition by leaves and stem extracts of Sida acuta for mild steel in 1 M H2SO4 

solutions investigated by chemical and spectroscopic techniques. Arabian Journal 

of Chemistry. 

 

Umoren, S. A., & Solomon, M. M. (2015). Effect of halide ions on the corrosion 



© C
OPYRIG

HT U
PM

 64  
 

inhibition efficiency of different organic species – A review. Journal of Industrial 

and Engineering Chemistry, 21, 81–100.  

 

 

Umoren, S. a., Solomon, M. M., Eduok, U. M., Obot, I. B., & Israel, A. U. (2014). 

Inhibition of mild steel corrosion in H2SO4 solution by coconut coir dust extract 

obtained from different solvent systems and synergistic effect of iodide ions: 

Ethanol and acetone extracts. Journal of Environmental Chemical Engineering, 

2(2), 1048–1060. 

 

 

Vinod Kumar, K. P., Sankara Narayanan Pillai, M., & Rexin Thusnavis, G. (2011). Green 

corrosion inhibitor from seed extract of Areca catechu for mild steel in 

hydrochloric acid medium. Journal of Materials Science, 46(15), 5208–5215.  

 

 

Yadav, M., Gope, L., Kumari, N., & Yadav, P. (2016). Corrosion inhibition performance 

of pyranopyrazole derivatives for mild steel in HCl solution : Gravimetric , 

electrochemical and DFT studies. Journal of Molecular Liquids, 216, 78–86.  

 

 

Yaro, A. S., Khadom, A. a., & Wael, R. K. (2013). Apricot juice as green corrosion 

inhibitor of mild steel in phosphoric acid. Alexandria Engineering Journal, 52(1), 

129–135.  

 

 

Yüce, A. O., & Kardaş, G. (2012). Adsorption and inhibition effect of 2-thiohydantoin 

on mild steel corrosion in 0.1M HCl. Corrosion Science, 58, 86–94.  

 

 

Yong, J. W. H., Ge, L., Ng, Y. F., & Tan, S. N. (2009). The Chemical Composition and 

Biological Properties of Coconut (Cocos nucifera L.) Water. Molecules, 14(12), 

5144–5164. 

 

 

Zakaria, K., Negm, N. A., Khamis, E. A., & Badr, E. A. (2016). Journal of the Taiwan 

Institute of Chemical Engineers Electrochemical and quantum chemical studies on 

carbon steel corrosion protection in 1M H2 SO4 using new eco-friendly Schiff base 

metal complexes. Journal of the Taiwan Institute of Chemical Engineers. 61, 316–

326.  

 

 

 

 

 

 

 

 




