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ABSTRACT 

In terms of environmental impacts and cost considerations, plants source 

were used as a vital alternative approach to organic inhibitors in combating the risk 

of corrosion. In this work, the properties of corrosion inhibition in gum arabic and 

frankinences and their components were experimentally examined on mild steel in 

HCl solution using weight loss methods. and potentiodynamic polarizationte 

technique. Characterization physical technique, namely electron microscopy 

scanning (SEM) was employed. Two natural product species of same family viz., 

gum arabic and frankinences, were investigated in terms of their corrosion inhibition 

efficiencies for mildd steel in 1 M HCl. Inhibition effect of different concentrations 

of gum arabic and frankinences viz., 2.5, 5, 7.5 and 10 g/L were tested using weight 

loss method and electrochemical potentiodynamic polarization measurements. 

Weight loss measurements were conducted for 4 h at 25, 60 and 85°C. The 

electrochemical potentiodynamic polarization measurements were carried out at 

25°C. Overall, the results showed that both the inhibitors inhibited the corrosion of 

mild steel in acidic media via adsorption process on mild steel. The inhibition 

efficiencies increased with the increase in concentrations of the extracts and varied at 

different temperatures and immersion time. The obtained inhibition efficiencies of 

products were ranging from 46.84 to 81.76% for gum arabic and was between 53.15 

and 84.51% in frankincense. The obtained inhibition efficiencies of products from 

polarization measurements were from 39.5 to 81% for gum arabic and 40.81 to 

28.28% for frankincense respectively.  Thus, these results showed that the higher the 

concentration (7.5 g/L and 10 g/L) of the inhibitor the higher the inhibition 

efficiency. The SEM image clearly showed a smooth and rough surface due to the 

presence of inhibition on the surface of the mild steel by the natural products. 

Therefore, potentiodynamic polarization studies were able to shows the inhibition in 

the presence of both gum arabic and frankincense. 
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ABSTRAK 

Dalam hal dampak lingkungan dan pertimbangan biaya, sumber tanaman 

digunakan sebagai pendekatan alternatif yang vital untuk inhibitor organik dalam 

memerangi risiko korosi. Dalam karya ini, sifat-sifat penghambatan korosi pada 

permen karet arab dan frankinences dan komponennya diuji secara eksperimental 

pada baja ringan dalam larutan HCl menggunakan metode penurunan berat badan. 

dan teknik polarisasi potensiodinamik. Teknik fisik karakterisasi, yaitu pemindaian 

mikroskop elektron (SEM) digunakan. Dua spesies produk alami yaitu famili yang 

sama, yaitu getah arab dan frankinensi, diselidiki dalam hal efisiensi penghambatan 

korosi mereka untuk baja ringan dalam 1 M HCl. Efek penghambatan dari berbagai 

konsentrasi gum arab dan frankinences yaitu, 2,5, 5, 7,5 dan 10 g / L diuji 

menggunakan metode penurunan berat badan dan pengukuran polarisasi 

potensiodinamik elektrokimia. Pengukuran penurunan berat badan dilakukan selama 

4 jam pada 25, 60 dan 85 ° C. Pengukuran polarisasi potensiodinamik elektrokimia 

dilakukan pada suhu 25 ° C. Secara keseluruhan, hasil menunjukkan bahwa kedua 

inhibitor menghambat korosi baja ringan dalam media asam melalui proses adsorpsi 

pada baja ringan. Efisiensi penghambatan meningkat dengan meningkatnya 

konsentrasi ekstrak dan bervariasi pada suhu dan waktu pencelupan yang berbeda. 

Efisiensi penghambatan yang diperoleh dari produk berkisar antara 46,84 hingga 

81,76% untuk getah arab dan antara 53,15 dan 84,51% dalam kemenyan. Efisiensi 

penghambatan yang diperoleh dari produk dari pengukuran polarisasi adalah dari 

39,5 menjadi 81% untuk gom arab dan 40,81 hingga 28,28% untuk masing-masing 

kemenyan. Dengan demikian, hasil ini menunjukkan bahwa semakin tinggi 

konsentrasi (7,5 g / L dan 10 g / L) dari inhibitor semakin tinggi efisiensi 

penghambatan. Gambar SEM jelas menunjukkan permukaan yang halus dan kasar 

karena adanya penghambatan pada permukaan baja ringan oleh produk alami. Oleh 

karena itu, studi polarisasi potensiodinamik mampu menunjukkan penghambatan 

dengan adanya kedua getah arab dan kemenyan. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of the Study  

Long time ago corrosion was a very big problem, and many scientists tried to 

find a solution to this problem. Over time many scientists invented a lot of solutions 

some them failed but some of them were temporary solutions. In fifth century BC the 

Herodotus used tin for protecting corrosion of iron. In 18th century the Europeans 

thought of painting the ships which were made of iron to protect them from corrosion 

and this was the primitive way to fight corrosion. In 1824, they used zinc to protect 

iron from corrosion. Then Faraday made two laws to calculate the corrosion rates 

used until now (Acharya, S. and Upadhyay, 2004). Corrosion is damage as a result of 

its interaction electro-chemical and chemical with the atmosphere or the surrounding 

medium. It occurs gradually in materials to destroy all material. Commonly it 

happens in metals (Acharya, S. and Upadhyay, 2004). It also happens when the 

material is in contact with atmospheric air or in chemical surrounding at any 

temperature. It is a big problem since the beginning of life because of evolving 

industries use materials this day more than the pas (Ebenso, E.E., Isabirye, D.A. and 

Eddy, N.O, 2010). The main reason for corrosion is the origin of these metals. Same 

metals do not exist in nature. 

The broad utilisation of mild steel as a core material in construction 

industries, chemical and allied industries, general engineering and other related areas 

of applications (Noor and Al-Moubaraki, 2008; Verma, 2016) owned to its 

outstanding characteristics and relatively low cost (Azzaoui, 2017) is threatened by a 

major setback, corrosion. Metal corrosion leads to a waste in resources and highly 

reduced equipment’s lifespan especially in acidic solutions (Al-Fakih, 2015; Verma, 

2017; Verma, 2016). This has necessitated extensive research efforts between the 

academia and industries aimed at curbing corrosion or reducing it considerably 
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(Verma, 2017). Corrosion inhibitors, as the most viable approach, has dominated 

research space in this field. They act to form layers on the metals (or metal oxides) 

surface by adsorption on the metallic surfaces using heteroatoms such as N, O, S; 

polar functional groups such as -OH, -NH2, -NO2, -CN; pi-electrons and aromatic 

rings etc. as adsorption centres (Kumar, 2016; Lukovits, 2001; Verma, 2016). These 

action leads to a structural change by introducing a new layer which consequently 

ensures a reduction in the rate of the electrochemical partial reaction (Popova, 2003). 

This is to prevent further oxygen access to the cathode while also preventing 

diffusion of hydrogen from it. In general, they are added to the acid solution during 

acidification and act to prevent dissolution of the metal (Al-Fakih, 2015; Lukovits, 

2001; Verma, 2016). 

In attempt to curb corrosion, inorganic substances such as chromates, 

phosphates, dichromats, nitrates, sulphide of alkaline metals, have been extensively 

used but some of these inorganic substances, as well as their derivates, constitute 

pollutants to the environments (Ferreira, 2004). Given the rising concern for green 

ecosystems and strict regulations for environmental sustainability, non-toxic and 

green corrosion inhibitors are being investigated. Among all the non-toxic and 

explored alternatives to corrosion inhibitions, organic products are found to be 

efficient in preventing  corrosion and cost-effective (Ferreira, 2004; Kuma, 2016; 

Verma, 2017). Satisfactory anticorrosion properties have been found in organic 

products containing N, S and O heteroatoms (Kumar, 2016). More recent studies 

have focused on organic and highly eco-friendly products with very low negative 

environmental effects such as Multicomponent reactions (MCRs) (Verma, 2016) and 

mainly, plant extracts. Plant extracts are readily available, cheap, eco-friendly, and 

renewable. They have been reported to be highly effective as inhibitors of iron and 

steel corrosion in acid solutions (Rani and Basu, 2012; Verma, 2017). 

On this premise, this work utilises selected two natural products namely, 

Gum Arabic and Frankincense, to investigate their ability to be used as green 

inhibitors on mild steel in acidic medium. 
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Gum Arabic (Acacia Senegal, GA), one of the oldest and most common 

natural gums, can be obtained from various species of Acacia trees (Bentrah H, 

Rahali Y, Chala A, 2014). Owing to the cost effectiveness, non-toxicity and 

biocompatibility, GA is widely used in the food and paint industries as a stabiliser, 

emulsifier and viscosity control. 

Olibanum or Boswellia Serrata Gum (BSG), frankincense originates from 

Africa, India and the Middle East. It is a resin from genus Boswellia trees, found in 

India and Arabia. 

Techniques studied for corrosion inhibition using gum arabic and 

frankincense in only weight loss method. 

 

1.2 Problem Statement 

Gum arabic and frankincense have been studied on corrosion inhibitors using 

weight loss mostly, and some have used electrochemical potentiodynamic method 

(Abdeen 2019, Shen 2019, Umoren 2006, Abu-Dalo 2012, Umoren 2008, Umoren 

2009 and Ahmmed S Ibrehem 2016). 

As for the steel corrosion measurement, several methods are used such as 

weight-loss measurements. The advantage of this method its simplicity since it 

requires no specialized equipment other than an accurate balance. This experiment is 

normally performed according to a standard method (eg, ASTM G1-90, 1996). 

However, the disadvantages of the weight-loss methods compared to other 

techniques is time consuming (usually >1 week) in addition to possible errors that 

can occur due to the scaling and liquid absorption. On the other hand, 

electrochemical potentiodynamic method are much faster (typically 1–2 days) than 

weight-loss methods and can give more qualitative indications of the corrosion rate 

over short time. The ability to test more conditions in less time makes these methods 

ideal for screening the relative corrosiveness of novel amines compared to other 

methods. 
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Inhibition of steel corrosion in acidic solutions using natural products as 

corrosion inhibitors is the most practical method. Therefore, this research focuses on 

an experimental study on frankincense and gum under effective experimental 

conditions and different from the previous one to act as solid corrosion inhibitors in 

solutions. 

  

1.3 Aim and Objectives 

This research aims to determine the inhibitive potential of natural products 

studied for applications to mild steel in acid medium. The objectives of the study are: 

i. To evaluate the inhibition efficiency of gum arabic and frankincense as 

corrosion inhibitors for mild steel in acidic medium (1M HCl) at several 

temperature measures using weight loss in different concentrations 

measurements of 2.5, 5, 7.5 and 10 g/L. 

 

ii. To evaluate various corrosion parameters through galvanostatic polarization 

technique at room temperature measured at different concentrations (2.5, 5, 

7.5 and 10 g/L). 

 

iii.  characterization the surface of mild steel in the presence of gum arabic and 

frankincense using scanning electron microscopy (SEM). 

 

 

1.4 Research Scopes and Limitations 

In this study, gum arabic and the Frankincense were purchased from Oman 

examined as green inhibitors of corrosion of mild steel obtained from Sultan Qaboos 

university in Oman, in 1 M HCl using the method of weight loss and measurements 

of electrochemical techniques. The weight loss method was measured for different 

concentrations of each extract, 2.5, 5, 7.5, and 10 g/L under different conditions for 

weight loss by conducting experiments at 25, 60 and 85°C for 4 hours. 
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Electrochemical measurements were performed at room temperature 25°C using the 

same concentrations used in the weight loss measurement method. The method of 

measuring the weight loss of all-natural products in different conditions and 

concentrations showed mixed results, where inhibitor efficiency (IE) was calculated 

as 46% and compared. In addition, weight loss results were used to determine surface 

coverage.  Furthermore, from the electrochemical results, the type of inhibitory 

behaviour was determined by either anodic, cathodic or mixed-type inhibitors as well 

as their IE%. Surface was characterization for effect of corrosion using SEM. 

 

1.5 Research Significance 

The problem of corrosion and the attendant economic losses, especially in the 

sectors of the oil and gas industry has been addressed by high-cost industrial 

methods. With the importance of using the diversity of mild steel, this will lead to 

further corrosion, and therefore a large increase of losses. Therefore, the need for 

further studies aimed at preventing or reducing steel corrosion to provide great 

opportunities in addressing this problem, in particular, by using natural products 

rather than artificial compounds. This research exposes the inhibition potential of 

gum arabic and frankincense, on mild steel corrosion in acidic medium. This 

research focuses on the use of plant extracts of the same family as green inhibitors 

for corrosion of carbon steel. Therefore, the results of this research will be very 

useful for all steel environmental conditions, especially in the oil and gas industry. 

Thus, with both environmental benefits and economic returns, they will get their 

metal equipment protected from corrosion and prevent it from occurring for as long 

as possible. 
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