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FUNAAB

INAUGURAL LECTURE SERIES

PREAMBLE

This inaugural lecture is the 109th. in the Federal University of Agriculture Abeokuta, the

fifth in the Department of Mechanical Engineering, the first was delivered by Late Prof.

S.B.Adejuyigbe, followed by Prof. P.O.Aiyedun, then Prof. M.A.Waheed and Prof.

S.O.Ismaila.

Mr. Vice-Chancellor Sir, this year marks my 18th year in the Federal University of Agriculture,

Abeokuta, after my assumption of duty as Lecturer II in the Department of Mechanical

Engineering on January 2nd, 2008. I had about sixteen years of industrial exposures before joining

academics. During my industrial sojourn, I worked as Quality Control Engineer, Production

Engineer, Deputy Manager Operations, Shift Production Manager and Inspection Engineer.

Galvanized roofing sheets and portland cement were the major products of my industrial sojourn.

My academic research work commenced in 1987 at University of Ife, Ile-Ife with the project topic

titled ‘Mechanical Behaviour of Aladja Steels in Cassava Fluid’. This was followed by my master

dissertation in 1991 at same University, titled ‘Evaluation of Influence of Process Variables on

the Corrosion Performance of Hot-Dipped Galvanized Steels’ while my Ph.D thesis was on

‘Evaluation of Corrosion Performance of Metallic Materials in some selected Media” and

completed in 2012.

The three research topics addressed the issue confronting the metallic materials in the

service environment. This hidden menace causes deterioration of physical, chemical and

mechanical properties of the materials as a result of its reaction with the environment.

This eventually leads to safety, health and economic losses.

My major research focus is on the application of technologies to the study of metallic

materials behaviour in various environments and methods of reducing its degradation

which is a discipline in Materials Engineering.
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Mr. Vice-Chancellor, Sir, permit me therefore, to address this audience you on the topic

‘Combating the hidden menace of metallic materials: Panacea for industrial growth

and environmental sustainability’.

1.0 INTRODUCTION

Metallic materials consist of metals and their alloys. Examples are iron, steel, aluminium,

copper, titanium, gold and nickel among others. The development of steel can be traced

back to 4000 years at the beginning of the iron age. It proved to be harder and stronger

than bronze, which had previously been the most widely used metal, iron began to

displace bronze in weaponry and tool (Adetunji, 2013).

. When metals interact with the environment, there is actual material loss either by

dissolution (corrosion) or by the formation of nonmetallic scale, film or oxidation

product(Callister and Rethwisch, 2007).Corrosion engineering is the application of

science and art to prevent or control corrosion damages (i.e.hidden menace) economically

and safely. Some specific concepts related to this topic will be discussed here.

1.1 Electrochemical reactions

These reactions involve transfer of electrons from atoms at the surface of the metal to a

suitable acceptor or depolarizer. When zinc reacts with hydrochloric acid , a vigorous

reaction occurs; hydrogen gas is evolved and the zinc dissolves, forming a solution of zinc

chloride (Fontana and Green, 1983).

Zn + 2HCl ZnCl2 + H2

The equation can be simplified as

Zn + 2H+ Zn2+ + H2

Thus, zinc reacts with the hydrogen ions of the acid solution to form zinc ions and

hydrogen gas.

1.2 Polarization and passivity

There are various physical and chemical factors that limit the rate of electrochemical

reactions. An electrochemical reaction may therefore be polarized or retarded by the

environmental factors. This polarization can either be activation or concentration. When

the electrochemical process is controlled by the reaction sequence at the metal-electrolyte

https://www.thoughtco.com/metal-profile-steel-2340175
https://www.thoughtco.com/metal-profile-iron-2340139
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interface, it is said to be activation polarization while concentration polarization is

concerned with electrochemical reactions controlled by the diffusion in the electrolyte.

Passivity refers to the loss of chemical reactivity experienced by certain metals and alloys

under unique environmental conditions. The metals and alloys become inert under these

conditions and act as if they are noble metals like platinium and gold.

1.3 Environmental effects

Process industries desire changes in their variables to accomplish their goals of rolling out

products. These changes have effect on the corrosion rates of metallic materials involved

in the process. Some of the more common environmental variables are considered as

follows:

Oxygen and oxidizers cause increasing corrosion rate for normal metals as the quantity of

oxidizer increases like monel and copper in acidic solutions containing oxygen. Metals

that passivate have increasing rate of corrosion in the proportion of the quantity of

oxidizer, followed by rapid decrease, and then a corrosion rate which is not dependent on

the oxidizer’s concentration. Such metals include 18Cr-8Ni stainless steel and titanium.

Velocity effects are similar to that of oxidizer additions, complex and they depend on the

nature of the metal and the exposed environment. Agitation and velocity have no effect on

corrosion processes controlled by activation polarization while both affect the process

under diffusion control. Easily passivated materials like stainless steel and titanium will

resist corrosion when the velocity of the medium is high.

Temperature increases the rate of almost all chemical reactions. Increasing the

temperature of nitric acid greatly increases its oxidizing power. Stainless steel exposed to

nitric acid at low temperature are in the passive state but with increase in oxidizing power,

very rapid increase in corrosion rate occurs.

Many materials exhibiting passivity effects are negligibly affected by changes in

corrosive concentration. Lead is an example as it forms lead sulphate in sulphuric acid

covered by a protective film at low concentration. The corrosion rates increase as acid

concentration to reach a maximum and then decrease.
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Galvanic coupling occurs when different metals and alloys are often in contact with one

another and the corrosive medium in many complex process streams and piping

arrangements.This coupling could increase the corrosion rate of the more active metal in

the medium. Metals and alloys are crystalline solids which made their atoms to be

arranged in a regular, repeating order. Their ductile nature allows them to be deformed

plastically without fracturing. They are good conductors of electricity and heat which

resulted from the non directional bonding of their atoms.When the metals solidify and

cooled after casting, there will be numerous regions of mismatch between each grain.

These regions are called grain boundaries which are high energy areas and are more

active chemically. The grain boundaries are more rapidly attacked when in corrosive than

the grain area.

1.4 Eight forms of corrosion

Metallic corrosion is sometimes classified into eight different forms: uniform attack,

galvanic corrosion, crevice corrosion, pitting, intergranular corrosion, selective leaching,

erosion–corrosion, and stress corrosion (Callister and Rethwisch, 2007).

Uniform corrosion is the most commonly form of corrosion which is characterised by a

chemical or electrochemical reaction proceeding uniformly over the entire exposed

surface or over a large area. A piece of steel or zinc immersed in dilute sulphuric acid will

dissolve at a constant rate over its entire surface.

Galvanic corrosion takes place when dissimilar metals experience greater potential

difference when they are immersed in a corrosive medium. This potential difference

produces electron flow between the dissimilar metals when they are electrically connected.

The corrosion of the less noble metal is increased while that of the other metal is

decreased.

Crevise corrosion refers to localised corrosion which often occurs when there is opening

or shielded areas on metal surface exposed to corrosive medium.This type of attack is

usually associated with small volumes of stagnant solution caused by holes, gasket

surface, lap joints, surface deposit, and crevices under bolt and rivet heads.

Pitting corrosion is a form of extremely localised attack resulting in holes in the metal.The

holes are relatively small, isolated or so close together looking like rough surface. Pitting

is one of the most destructive forms of corrosion causing equipment to fail because of

perforation.
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Intergranular corrosionis the localised attack at and adjacent to grain boundaries, with

relatively little corrosion of the grains. The alloy disintegrates and loses its strength. At

elevated temperature, 18-8 stainless steel failed by intergranular corrosion in normal

environment.

Selective leaching occurs when one element is removed from a solid alloy by corrosion

process. Removal of zinc in brass alloy known as dezincification is an example. Gray cast

iron sometimes shows the effect of selective leaching particularly in mild environments.

Erosion corrosion is the increase in rate of attack on a metal because of relative movement

between a corrosive fluid and the metal surface. Metal is removed from the surface as

dissolved ions, or it forms solid corrosion products which are mechanically swept from

the metal surface.

Stress corrosion cracking refers to cracking caused by the simultaneous presence of

tensile stress and a specific corrosive medium. During stress corrosion cracking, fine

cracks propagate through the metal while the metal or alloy is not attacked. The two

classic cases of stress corrosion cracking are season cracking of brass and the caustic

embrittlement of steel. Season cracking refers to the brass cartridge cases.

1.5 Hidden Menace

Most corrosion reactions are silent, hidden and gradual which might not be easily noticed.

Both ferrous and non-ferrous metals are affected by this phenomenon.

1.5.1 Steel in general environment

Steel and other similar alloys are subject to undesirable natural development known as

corrosion, which results in the loss of material characteristics, energy, time, and economy

and has a financial cost on a global scale. It is one of the major global most serious

problems yet to be resolved completely. It represents a notorious threatening and

expensive trouble for every industrial sector (Goyal et al., 2018). Engineering materials,

especially steels and their alloys, corrode due to their reactivity with the environment, a

transition that is very derogatory and challenging ( Quraishi and Singh., 2010).

1.5.2 Metallic materials in process plants

Corrosion poses a significant challenge for process equipment, particularly in detergent

processing plants. In such plants, corrosion-related issues such as rotor blade damage in

detergent slurry holding vessels and leakages or blockages in transfer pipelines are

common. The chemical attack of the slurry mixture constituents leads to corrosion,
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causing a reduction in the thickness of blades and transfer pipes, sometimes to as low as

2-3 mm. These corrosion effects are adverse on batch cycle times and the quality of final

detergent products due to contamination from corroded vessels and pipes, resulting in cost

implications. Maintaining such equipment is a critical concern for detergent processing

industries, especially considering the highly corrosive nature of their slurry materials

(Quadri et al.,2025). Frequently, plants are shut down or portions of a process stopped

because of unexpected corrosion failures. Sometimes these shutdowns are caused by

corrosion involving no change in process conditions, but occasionally they are caused by

changes in operating procedures erroneously regarded as incapable of increasing the

severity of the corrosive conditions.

1.5.3 Metallic materials in energy storage

Corrosion of metallic materials is a challenge in energy storage. Metallic phase change

materials (PCMs) in molten states have been recorded to be quite corrosive to their

container materials despite their relatively higher thermal conductivity feature. The

category of metals employed as metallic PCMs are usually in their pure or alloyed forms.

Corrosion of aluminium alloy container is influenced by the diffusion of gallium

contained in Ga-Sn alloy as liquid phase change material on 10 h of exposure resulting in

liquid metal embrittlement (Adesusi et al., 2023).

1.5.4 Metallic materials in marine environment

The lifetime of any marine ship, underground pipes and submarine is greatly affected by

its ability to withstand corrosion, particularly in the ballast tanks. To fulfill the demand

for a long service life, the vessel should ideally be protected with a high-quality system

already at the new building stage. Shipboard tanks and voids make up significant

percentage of below deck space and are necessary components for normal operation

pertaining to seawater buoyancy control, damage control, seawater compensated fuel

storage, and a number of other essential tasks, such as combined holding, potable water

storage and sludge. Ballast tanks represent more than 50% of the entire coating area per

vessel, and as large parts of the ballast tank areas are inaccessible during service, the

quality of surface preparation and application is of crucial importance. Safety and

environmental aspects of corrosion are difficult to quantify in terms of costs but are

known to have put people’s lives at risk (Orisanmi et al., 2017). Corrosion menaces
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have caused serious hazardous situations for both life and engineering materials, such as

loss of life (sailors, engineers, crews and passengers), failed pipelines, submarine

equipment, bridge collapse, or other catastrophe is one too many and leads to huge

indirect costs (Owoeye et al., 2020).

1.5.5 Materials in offshore structures

Modern steels utilised in the construction of offshore structures are often subjected to

corrosion effects, which shortens their operational lifespan and raises the cost of

maintenance and repairs for the owners of these maritime buildings. According to

Adetunji, et al.,2019, early wear and premature failure do exist on both the structure to be

protected from corrosion and the metal utilised to prevent and protect the structure from

corrosion, notwithstanding the corrosion control systems and methods employed on the

structures.

1.5.6 Materials in reinforced structures

Corrosion in reinforced concrete (RC) structures causes considerable losses to society as a

result of structural failure and collapsed structures. The effect of corrosion in building

and bridges in a developing society like Nigeria has been accepted as a major factor that

has led the country into wider losses for some decades.The maintenance and repair needs,

loss of lives which cannot be quantified in monetary value, loss of properties, time

wastage and resources accounted for the homelessness of many people (Bennet et al.,

1978). The cost and effects of structural failures as a result of corrosion have no input

to the development and growth of the country than a waste of human’s lives, material

resources and huge amount of money invested in the construction of such structures either

for private or commercial usage.

1.6 Cost of corrosion

A recent analysis showed that the annual losses incurred by governments and industry

totaling many billions of dollars, or roughly $276 billion in the United States or 3.5% of

Gross Domestic Products (GDP). According to estimates, if the present corrosion methods

were used successfully, 25–30% of this total may be prevented (Sen-Britain et al., 2024).

The cost of corrosion is roughly 3 to 4% of GDP in Australia, the United Kingdom, and

Japan (Koch, 2001). According to Ansari et al. (2019), the projected cost of corrosion in

China and the United States of America is 3.5% and 3.34 percent of their respective gross
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domestic products, respectively, more than the cost incurred from natural disasters. In

2001, it was projected that the annual cost of corrosion in the oil and gas sector may be as

high as $3 to $7 billion, taking into consideration the upkeep, restoration, and replacement

of corroded components and structures (Chinwko et al., 2014). The estimates for the

global cost of corrosion in 2016 suggested that the amount may approach $25 trillion.

Corrosion repairs account for roughly 3% of the GDP of almost every nation. For a

developing country such as Nigeria, the country's total GDP in real terms in the second

quarter of 2023 was Ꞥ 17.72 trillion ($14.777 USD billion) at the N1200/$1 foreign

exchange rate. This represents Nigeria's recovery from four years of economic recession,

economic depreciation brought on by difficulties with the Naira redesign and political

transition. At a reasonable 3% of her GDP, the cost of corrosion would be a whopping Ꞥ

531.6 billion spent on corrosion, or $443 million in US dollars. For a developing nation

like Nigeria, this sum of money is enormous (NBS, 2023).

1.7 Combating the hidden menace of corrosion

Waging war to conquer this silent problem involves proper design of equipment and

facility, selection of appropriate materials for the right medium, the use of protective

coating, application of cathodic protection technique, injection of inhibitors to alter the

media surface, and general corrosion monitoring and control.

1.7.1 Proper design

The design philosophy of any corrosion control system should be done uniquely, whereas

general corrosion principles will guide the designer, peculiarities with respect to location,

environment, local regulations, industry standards and culture must be equally attended to

in the design to avoid latent issues ( NIS-ISO 12944-3). There are notable design errors

that can enhance corrosion, that must be avoided or designed out, where possible to

reduce corrosion.

Structures in general and Industrial structures and equipment, in particular, should be

designed with corrosion in mind. Several unsound design decisions, corrosion-wise that

give rise to in structures, equipment and facilities being designed poorly owing to the

choices of materials, shape, fabrication and assembly methods or practices that predispose

them to corrosion. The fact that the consequences of corrosion most of the times by far

outweigh the failure which themselves cannot be predicted with certainty demands that
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the design consideration be approached with utmost attention to corrosion detail. Some of

the following design decisions can lead to corrosion and they must be avoided.

a. Ensuring the use of metals and alloys which are close in the galvanic series.

b. Design should avoid coupling dissimilar metals with electrical continuity

c.The relative size of the two alloys has a significant influence on the rate of corrosion. Fo

r example, a larger area of bare carbon steel in contact with a small area of stainless steel

(Fig.1) will not be severely attacked overall, but where the stainless steel is much greater i

n area than the carbon steel, considerable corrosion of the latter may occur (Fontana and

Greene, 1983).

d.Avoid stagnant fluids in fluid flow system or create drainages

e.Avoid sharp bends in fluid flow systems

f.Avoid Crevices

g.Avoid accumulation of deposits – create turbulence, strain off deposits

h.Avoid dissimilar materials without electrical isolation

Fig.1 Dissimilar metals joined together causing heavy corrosion

1.7.2 Materials selection

Material selection is the act of choosing the best material to achieve the requirements of

a given application. Many different factors go into determining the selection requirements,

such as mechanical properties, chemical properties, physical properties, electrical

properties and cost. These must be weighed during the material selection process.

Material selection involves a broad set of considerations. As a result, a correspondingly

wide variety of knowledge is required to make an appropriate selection. Oftentimes,
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materials engineers and scientists are relied upon to help. However, they are not the only

ones involved in the decision making process. Purchasing experts, manufacturing

engineers, design engineers, customers and suppliers could potentially be brought in

during the process so that the optimum decision is made.

Incorrect material selection can have a huge impact on safety and application success. An

example from a mechanical standpoint is if an aluminum alloy with a yield strength of

only 68.95 MPa is selected when a steel with a yield strength of 344.75 MPa is

required — then the component or structure being made could fail if the loads in tension

are too great. Proper materials selection will ensure durability of austenitic 316 grade

stainless steel in salt water environment wheras ferritic stainless steel will fail in same

environment.

In addition to considering how a single material may behave in isolation during the

material selection process, it is also important to consider how two or more materials

might behave when in contact with each another. A carbon steel part placed in contact

with a stainless steel part in an electrolytic solution will undergo galvanic corrosion at a

much faster rate than it would if it was not contacting the stainless steel part.Each metal

and alloy has unique and inherent corrosion behavior that can range from the high

resistance of noble metals, for example, gold and platinum, to the low corrosion resistance

of active metals, for example, sodium and magnesium. Furthermore, the corrosion

resistance of a metal strongly depends on the environment to which it is exposed, that is,

the chemical composition, temperature, velocity, and so forth. For a given corrosion

resistance of the material, as the corrosivity of the environment increases, the rate of

corrosion increases. For a given corrosivity of the environment, as the corrosion

resistance of the material increases, the rate of corrosion decreases. Often an acceptable

rate of corrosion is fixed and the challenge is to match the corrosion resistance of the

material and the corrosivity of the environment to be at or below the specified corrosion

rate. Often there are several competing materials that can meet the corrosion requirements,

and the material selection process becomes one of determining which of the candidate

materials provides the most economical solution for the particular service.

1.7.3 Protective coating

A protective coating forms an insulating and physical barrier, thus stopping the contact

of corrosive elements, such as the electrolyte, with the substrate. It may be used in a

wide range of interior and exterior applications across many industries, including:
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building and construction, industrial, electronics and agriculture (Adetunji, et al.,

2017).

Protective coatings are used to provide an effective moisture barrier or physical

barrier and a smooth base for final finishing. For example, coal tar epoxy coatings

are applied for this purpose. The coatings provide outstanding resistance to corrosive

chemicals, heat and ultra-violet light; have quick drying times,exhibit excellent

dimensional stability, extreme toughness and abrasion resistance,provide strong

adhesion to a wide range of substrates, including glass, metals, fibers and numerous

other materials. Barrier coatings may be divided into two broad categories, namely

water-based and powder-based coating.

Water-based coating is normally cured at ambient temperature. It is typically non-

hazardous with low- flammability, facilitating transport and handling. The water base

makes cleanup easier. Powder-based coating is usually cured under controlled, high

temperature. It is used to produce the surface of many white appliances, such as

washers, dryers, refrigerators and others. These coatings are typically applied on

metals and ceramics when they are unable to withstand very harsh operating conditions.

Many industrial processes occur at very high temperatures under the flow of harsh,

corrosive gases. Metals often can corrode, which can lead to catastrophic failure during

operation. To prevent this, and to enhance their life and operating efficiencies, metals

and ceramic components are coated with a different material that can withstand these

demanding environments.The property of the coating material has to be matched

with that of the underlying substrate. The challenge is to find a way to

chemically/physically bond the topcoat to the substrate.

1.7.4 The use of cathodic protection technique

Cathodic protection is a major technique for improving the durability of marine

applications, and it is required for long term anti-corrosion protection of the subsea

steel structures. It is an electrochemical technique in which a cathodic potential is

applied to an engineering structure in order to prevent corrosion from taking place

(Akinpelu et al., 2019). Cathodic protection can be applied in practice to protect metals

such as steel, copper, lead and brass against corrosion in all soils and in almost all

aqueous media. The principle of cathodic protection is the connection of an external

anode to the material to be protected from corrosion and passing of an electrical DC

current, so that all areas of the metal surface becomes cathodic and therefore do not
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corrode. The external anode may be a galvanic (sacrificial) anode or it may be an

impressed current anode where the current is impressed from external direct current

source (Ameh and Ikpesen, 2017). In recent years, zinc alloys have been preferentially

selected as sacrificial anode materials for cathodic protection of steel due to their high

current efficiency, low specific weight and low cost.

According to James (2000), Cathodic Protection (CP) technology has advanced to

become a vital instrument for preventing corrosion on municipal infrastructure since its

first in 1824. Examples of the structures are prestressed concrete cylinder, pipelines,

and tanks for holding potable water. This method is now used in effluent treatment

clarifiers, underground fuel tanks, parking buildings, bridges, and reinforced concrete

constructions. The CP uses both impressed current and sacrificial anodes made of

zinc and magnesium for municipal infrastructure applications. Additionally, the

cathodic protection has been used, albeit sparingly, for other municipal infrastructure

elements such swimming pool filters, automobile and truck hoists in service stations,

hydraulic lift cylinders and potable water treatment facilities (Guyer, 2014). Steel can

be protected in seawater under area ratios of up to 4000-5000 mm, according to

Volkan, 2013.

1.7.5 Inhibitors

Inhibitors are some chemical species which retard corrosion like chromates, silicates,

and organic amines. The mechanisms of inhibition can be quite complex. In the case of

the organic amines, the inhibitor is adsorbed on anodic and cathodic sites and stifles

the corrosion current. Other inhibitors specifically affect either the anodic or cathodic

process(Aribo et al., 2020). Still others promote the formation of protective films on

the metal surface.

The use of inhibitors is favored in closed systems where the necessary concentration of

inhibitor is more readily maintained (Adetunji et al., 2024). The increased use of cooling

towers stimulated the development of new inhibitor/ water-treatment packages to control

corrosion and biofouling. Inhibitors can be incorporated in a protective coating or in a

primer for the coating. At a defect in the coating, the inhibitor leaches from the coating

and controls the corrosion.
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1.7.6 Corrosion Monitoring and Control

Whatever is the mode of corrosion mitigation adopted as a solution in any given situation,

the effectiveness of such solution must be monitored in order to take appropriate actions

that may restore and guarantee sustained effectiveness which can be accomplished by

monitoring the pipeline potential using the close interval potential survey (CIPS) method

or by using direct current voltage gradient (DCVG) or IR (voltage) coupon techniques.

Also, physical and electrochemical methods can be used to estimate the corrosion rates of

a cathodically protected system (Adesusi, et al., 2020).

2.0 MY RESEARCH CONTRIBUTIONS TO KNOWLEDGE

Mr. Vice-Chancellor Sir,distinguished ladies and gentlemen, it is important for me to

present some of my novel research contributions to the body of knowledge in corrosion

and materials engineering. My major research focus is on the application of

technologies to the study of metallic materials behaviour in various environments and

methods of reducing its degradation which is a discipline in Materials Engineering and

by extension in Mechanical Engineering. My research contributions are in line with

United Nations Sustainable Development Goals (SDG4 Quality education; SDG6

Clean water and sanitation; SDG7 Affordable and clean energy; SDG9 Industry,

innovation and infrastructure). My areas of contributions are as listed ;

i. Evaluating the corrosion rates of mild steel, stainless steel, aluminium and copper in

sodium silicate at varying temperatures

ii. Cathodic protection of metallic materials by impressed current

iii. Development of Al-Zn galvanic anode

iv. Computational modelling of chromium steel in high temperature applications

v. Electrochemical inhibitory effects of nonedible vegetable oils on low-alloyed low

carbon steel in H2SO4

vi. Cost of corrosion of metallic products in Federal University of Agriculture,

Abeokuta

2.1 Evaluating the corrosion rates of mild steel, stainless steel, aluminium and

copper in sodium silicate at varying temperatures

My research team and I evaluated the corrosion rates of mild steel (MS), stainless steel

(SS), aluminium (Al), and copper (Cu) in sodium silicate using potentiodynamic
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polarisation (PDP) and electrochemical impedance spectroscopy (EIS) at temperatures

of 25, 50, and 70°C (Quadri et al., 2025 and Adesusi et al., 2022). Potentiodynamic

polarisation experiments were carried out using a Gamry Flexcell Critical Pitting Cell

Kit, connected to a Gamry Potentiostat Interface 1000 and operated via a personal

computer with the corresponding software. The setup employed a conventional three-

electrode cell system consisting of an Ag/AgCl reference, 3 electrodes, a platinum

mesh counter electrode, and a working electrode made from the prepared metal

specimen, which was embedded in resin with an exposed area of 1.0 cm². A heating

jacket connected to a TDC4 Omega temperature controller was used to maintain the

test solution at temperatures of 25, 50, and 70°C. This configuration allowed for the

measurement of corrosion potential (Ecorr) and corrosion current (icorr).

Potentiodynamic polarisation scans were performed over a potential range of −250 to

+1500 mV at a scan rate of 1 mV/sec. The polarisation curves were analysed to predict

the rate of corrosion using equation (1), as outlined by Adesusi et al.(2021).

CR = 3.27 � 10−3 � ����� � ��
�

(1)

where CR is corrosion rate in mm/y; icorr is corrosion current density;

Ew is equivalent weight; d is density of metal (gcm−3 )

Electrochemical Impedance Spectroscopy (EIS) measurements were also performed

using a small amplitude AC signal, typically around 10 mV, with a frequency range

from 10 kHz to 10 mHz. Nyquist plots were recorded at the Open Circuit Potential

(OCP) for the corrosive environments. The resistance between the working electrode

(WE) and the reference electrode (RE) was determined from the impedance modulus (|

Z|) versus frequency plot. The Nyquist plot was generated by plotting the imaginary

part (Z’’) of the impedance against the real part (Z’), offering insights into the

electrochemical processes at the electrode surface, as detailed by Adesusi et al.(2020).

The equivalent circuit models for fitting electrochemical impedance spectroscopy

curves were developed based on physical phenomena observed on electrochemical

impedance spectra, with elements in the model representing these physical phenomena

inherent in electrochemical impedance spectra.
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Potentiodynamic polarisation analysis of metals in sodium silicate at 25, 50 and 70°C

and effect of change in media temperature on polarisation parameters indicated that the

corrosion rate (CR) of aluminium in sodium silicate at 25, 50 and 70°C was higher

compared to that of mild steel, stainless steel, and copper under the same conditions.

Stainless steel exhibited the lowest corrosion rate in sodium silicate at temperatures of

25 and 70°C. Though it maintained a moderately low temperature at 50°C, mild steel

maintained the lowest CR at that temperature when measured using the

potentiodynamic polarisation technique. All the metals considered experienced increase

in CR as the temperature rose. The increase in CR is much more significant in Al and

MS as their temperature approaches 70°C. Some similarities in the polarisation curves,

particularly the anodic arm, for mild steel in sodium silicate can be observed from Fig.

2(a) for temperatures of 25 and 50°C, indicating that the corrosion mechanism of mild

steel did not significantly change between these temperatures.

However, when the temperature of the sodium silicate increased to 70° C, there was a

noticeable change in the corrosion mechanism, as evidenced by a shift in the

polarisation curve to a much less noble potential. For stainless steel in sodium silicate,

passivation was observed at 25 and 70°C, as shown in Figure 2(b), although the passive

film broke down to the trans passive region at a more noble potential. Notably, the

passive film was absent at 50°C in sodium silicate. The passive film on stainless steel

contributed to the lowest corrosion rate observed. Figure 3 illustrates the polarisation

behaviours of Aluminium and Copper in sodium silicate at temperatures of 25, 50 and

70oC.The corrosion rates and corrosion current densities of all the metals considered

increased with higher sodium silicate temperatures. However,Aluminum maintained

the highest corrosion rate at all temperatures. Stainless steel exhibited the lowest

corrosion rate at 25 and 70 °C, but showed moderately low CR which is more

significant compared to that of MS at 50 °C.

The corrosion rates and corrosion current densities of all the metals considered

increased with higher sodium silicate temperatures. However,Aluminum maintained

the highest corrosion rate at all temperatures (Fig.3a) while Copper had lower corrosion

rate (Fig.3b). Stainless steel exhibited the lowest corrosion rate at 25 and 70 °C, but

showed moderately low CR which is more significant compared to that of MS at 50 °C.
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Fig. 2a: Polar. curve of Mild Steel in Sodium Silicate at 25, 50 & 70 oC

Fig. 2b: Polar. curve of Stainless Steel in Sodium Silicate at 25, 50 & 70 oC

a

b
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Fig.3a: Polarization Curve of Aluminium in Sodium Silicate at 25,50 &70 oC

Fig.3b: Polarization Curve of Copper in Sodium Silicate at 25,50&70 oC

(a)

b
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Electrochemical impedance spectroscopy (EIS) analysis demonstrated that both mild

steel and stainless steel (Fig.4) developed protective oxide layers, which enhanced their

corrosion resistance in sodium silicate solution compared to aluminum. However, the

oxide layer formation on mild steel was inhibited as the temperature of the sodium

silicate solution increased. In a similar trend, stainless steel exhibited a transition in its

corrosion mechanism from a charge transfer process to a diffusion-controlled process

as the temperature rose. Furthermore, copper (Fig.5) experienced a shift in its corrosion

mechanism from charge transfer to diffusion-controlled behaviour when the

temperature of the sodium silicate solution exceeded 25°C.

Fig. 4a: Nyquist Plot of Mild Steel in Sodium Silicate at 25, 50 and 70 oC
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Fig. 4b: Nyquist Plot of Stainless Steel in Sodium Silicate at 25, 50 and 70 oC

Fig. 5a: Nyquist Plot of Aluminium in Sodium Silicate at 25, 50 and 70 oC
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Fig. 5b: Nyquist Plot of Cu in Sodium Silicate at 25, 50 and 70oC

2.2 Evaluating the cathodic protection of buried pipeline in the soil by impressed

current

Adetunji et al. (2019) investigated the use of solar cells as the source of Direct

Current (DC) to power cathodic protection system using impressed current for buried

mild steel pipes. The experimental set up was conducted with pipe to soil potentials

measured regularly for the protected and unprotected buried pipe and the efficiency

determined. The materials, tools and equipment used for the CP of mild steel by

impressed current are mild steel pipes, anode made of steel plate, copper-copper sulfate

(Cu-CuSO4) reference electrode, electrical connectors (wire), 18V solar module/panel,

charge controller, 12V deep cycle battery, digital multi-meter of medium capacity,

pickaxe, measuring tape, pH meter. Materials used for the development of the reference

electrode were copper electrode, copper sulfate (CuSO4) salt, porous stopper (foam),

digital weighing scale, distilled water and transparent tube.

Two sites labelled X and Y were selected for the experiment. Site X for the control i.e.

pipes buried without CP and site Y for the main experiment i.e. pipes buried under CP

applied. Each site contained three trenches of 0.25 m depth, 1m long and 0.090 m wide.
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The trenches were dug 0.10 m apart. The entire site(s) for the experiments was marked

for recognition and to avoid trespassing. Soil samples of the sites were taken, and the

pH value was measured and recorded using a pH meter. The method used by Khan et

al., 2018 was adopted.

Six pipes with dimensions of 1 m length, 75 mm diameter and 2mm thickness each

were used for the experiments (3 pipes for each site). The pipes were cleaned with an

emery cloth and the weights of the pipes were measured before the experiment using a

digital weighing scale. The pipes were labeled A, B and C for the unprotected and D, E

and F for the protected buried at depth 25 cm and 10 cm apart in sites X and Y,

respectively. Each pipe was then wound with a 15 cm copper wire to facilitate the

measurement of the pipe to soil potential of the buried pipes.

The solar module was mounted on the roof of a building at site Y with the aid of

electrical cables (DC cables). The solar module output was connected to the input of

the charge controller for which its output was connected to the battery terminals with

consideration of polarity for the continuous charging of the battery. The positive and

negative terminals of the battery were then connected with copper cables to the anode

and pipes respectively via series connection.

The reference electrode used was the copper-copper sulfate (Cu-CuSO4) reference

electrode. Due to its unavailability in the local market and difficulty in acquiring it

from the foreign market, the electrode was developed in-country. The ends of the tube

were made open with one end of the tube fitted with the porous stopper and the other

with the copper rod attached to the cover. A saturated solution of copper sulfate salts

was prepared with 25 ml of distilled water. It was ensured that excess copper sulfate

salts were contained in the solution.

Pipe to Soil Potential Measurements were on three points (I, II, III) along the pipes’

length marked as points of contact for the reference electrode. The negative probe of

the digital multimeter was connected to the cable protruding from the buried pipe while

the positive probe was connected to the reference electrode. The reference electrode

was made to contact the soil at points I, II and III and the voltage readings recorded.

The site was constantly watered to ensure good contact of the reference electrode with

the soil. This was done to also make the soil a good electrolyte as the soil was relatively

dry at normal times. Set-up for ICCP using solar cell is as shown in Figure 6. The
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efficiencies of protection for the protected pipe at site Y were obtained based on

Equation 3.

Z =
V1 − V2

V1
× 100 (3)

where Z= protection efficiency; V1= mean potential after protection; V2= potential

difference before protection (415.78 mV)

Fig. 6: Schematic of the Impressed Current Cathodic Protection Set-Up

The results of the average PSP measured for each site and the efficiencies of protection

obtained per days are as shown in Table 1.

Mr. Vice-chancellor Sir, Adetunji et al. (2019) found that solar cells were efficient as

power source for the application of impressed current CP on the buried pipes. The

efficiency of the cathodic protection was at an average of 64.2% and can be improved

upon by organic coating of the pipes.
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Table 1: Average PSP for sites X and Y and Protection Efficiency using
Solar Cell as Rectifier

Days

PSP at

Site X

(mV)

PSP at

Site Y

(mV)

Efficiency %

1 304.4444 1233.111 66
2 281.2222 1087.333 62
5 235.1111 654.2222 36
7 243.1111 631.2222 34
8 255.5555 1459.000 72
9 265.6667 1370.111 70
14 234.7778 1377.667 70
30 127.6667 918.4445 55
33 157.7778 1049.556 60
35 150.2222 745.8889 44
37 103.3333 2255.333 82
40 104.3333 1586.126 74
Source: Adetunji et al., 2019

2.3 Development of Al-Zn Sacrificial Anodes

The development of Al-Zn sacrificial anode for cathodic protection of steels was

carried out by my research team (Akinpelu, 2024). It involves materials sourcing from

reputable company in Nigeria, engineering design of the anode was carried out using

Autodesk Fusion 360 Software and casting in a reputable foundry.

The quality of the casting can also be significantly impacted by mould design. The

following elements are taken into account when designing a mould.

• Chilling

• Venting

• Gating and rising

Figure 7 showed the engineering design drawings with its dimensions of the

permanent mould used for the anode samples.

Pre-casting and fabrication operations processes commences with quantifying the

sizes and dimensions of the two base materials Al and Zn metals to formulate the

percentage composition of the sacrificial anode alloys to compositions: 80%Al-20%Zn,
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70%Al-30%Zn and 60%Al-40%Zn respectively. The Al and Zn ingots were initially

conditioned to remove unwanted impurities and moisture from their surface layers to

Fig.7: A 3D design model of the mould used for casting Al-Zn anodes alloy using

Autodesk Fusion 360 Software.

improve and enhance their melting temperatures in the furnace. The aluminium and

zinc ingots obtained were melted to a temperature of 660oC and 350oC, respectively, in

a charcoal fired crucible furnace. The representative pieces of aluminium metal were
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again introduced into the furnace and heated to 660oC to form liquid metal, then the

calculated quantities of zinc metal compositions were charged into the hot liquid

aluminium metal in the furnace to form the desired percentage compositions of the

sacrificial anode alloys. The slurry was stirred manually for two minutes to enhance the

uniform dispersion of the particulate in the melt pool. The temperature of the furnace

was monitored using a high precision digital infra–red thermometer. The mould was

then assembled, and the metal that has melted alloy was poured into it.

The pouring was carried out in a method that produced a consistent feed throughout

the permanent mould cavity's volume with dimensions, length 40 mm, width 35 mm

and diameter 5 mm.The developed molten sacrificial anode alloy was then tilted into

permanent metal mould for complete solidification before machining and other

metallographic processes conducted on them. Once the developed anode solidified

completely, it was removed from the permanent mould using a potable ball pen

hammer to separate the metal from the mould. Thus, the samples of different

compositions were developed to produce the cast bars of Al-Zn sacrificial anode alloys

samples and the control samples and the slag was removed from it. Also, 100

percentages in composition of pure aluminium and zinc metals were concurrently

produced as a control samples, making 75 pieces of the study samples cast in-situ,

sandwich with 10 mm diameter iron rod used as fastening device to connect the anodes

to the steel coupons.

The entire casting operation and processes was carried out by the use of permanent

mould casting method conducted in accordance with (DNV-RP-B401 2010; Saidman et

al., 1997; Scantlebury 1993; Dhawan et al., 2020). Table 2 indicated the percentage

weight compositions of the Al-Zn Sacrificial Anode Alloy Development.
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Fig. 8: The aluminium ingot undergoes melting process in a charcoal fired crucible

furnace.

Table 2: Percentage Weight Compositions of Al-Zn Sacrificial Anode Alloy

Development

Sample Al (wt. %) Zn (wt. %) Quantity

A 80 20 15

B 70 30 15

C 60 40 15

D 100 0 15

E 0 100 15

Total 75
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All already cast anode alloys were inspected using the acceptance criteria outlined in

NACE RP0387 to check for cracks and other surface defects. Defective anodes were

eliminated from the lot. with issuance of a non-conformance report according to (DNV-

RP-B401 2010). After casting, the Al-Zn sacrificial anode alloy samples were shaped

to dimensions (40 mm by 35 mm by 5 mm) bars. The samples were subsequently

rinsed in tap water followed by ethanol, dried and the weights of each Al-Zn sacrificial

anode alloy and that of control samples were weighed and recorded to an accuracy of

 0.1 mg using a high precision digital electronic weighing balance machine

(CONTECH, Model No.: CT-1201, Serial No.: 2864882, Capacity – 1200 gMax., Class

No.: 2 gMin., Accuracy- 0.1g).

2.3.1 The application of the developed anode in research

The test samples (anodes and steel coupons) were weighed for their initial mass in

grams with an accuracy of  0.01g high precision digital weighing balance machine

(Manufacturer’s Name: AVERY BERKEL, Capacity – 1000 gMax, Model:

WT10002AE, No:121213102). The connecting flexible wires of size, 8 mm diameter

were soldered at both ends to crocodile clips and their point of joining to avoid the

joints deteriorating due to corrosion from seawater, the ends of the specimen and the

portion of the rod exposed to the test fluid were firmly covered with appropriate epoxy

resins. Each steel coupon was coupled with sacrificial anode using crocodile clips

connected to a diameter 10 mm and length 150 mm fastening rod material grade

according to (ASTM/ASME A106 Grade B) for the purpose of suspending it in the

electrolyte. The test environment for the experiment was clean natural seawater with

salinity ≥30%. The temperature was allowed to vary in the range T = 24.2oC to 25.8oC,

the seawater was fetched and stored in 18 pieces, 10 litres transparent plastic buckets

for the test experiment according to (ASTM D1141) recommended practice.

This study developed Al-Zn sacrificial anodes for the cathodic protection of some

steels in Badagry Seawater, Nigeria while paying particular attention to the design and

production of Al-Zn anode with compositions (80%Al-20%Zn, 70%Al-30%Zn,

60%Al-40%Zn) for the cathodic protection of stainless, mild and galvanized steel by

permanent mould casting method.
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Fig. 9: The gravimetric experimental rig

2.3.2 Protection Efficiency of the developed anode

Table 6 shows the results from the calculations of the cathodic protection efficiency

obtained for the developed anodes portraying the 60%Al-40%Zn anode having the highest

efficiency of 95.66% protection on stainless steel, followed by 80%Al-20%Zn anode
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alloy with an efficiencies of 94.95%, 94.6% protection on the mild and galvanised steels,

respectively.

Table 3: Cathodic Protection Efficiency (CPE) Calculations from PDP Method

S/

No

Sample Id Corrosion Rate

Protected

Corrosion

Rateuprotected

Cpe

%

1 80/20 + GS 1.255E-6 94.593
2 80/20 + SS 2.077E-7 92.282
3 80/20 + MS 9.183E-7 94.949
4 70/30 + GS 5.537E-6 76.134
5 70/30 + SS 4.508E-7 89.766
6 70/30 + MS 8.950E-6 50.770
7 60/40 + GS 3.092E-6 86.679
8 60/40 + SS 1.910E-7 95.661
9 60/40 + MS 2.464E-6 86.447
10 PURE AL +

GS
1.454E-5 37.357

11 PURE AL +
SS

8.675E-7 80.293

12 PURE AL +
MS

1.352E-5 25.633

13 PURE ZN +
GS

4.158E-6 82.086

14 PURE ZN +
SS

2.400E--6 94.549

15 PURE ZN +
MS

3.705E-6 79.618

16 GS(CONTL) 2.321E-5
17 SS(CONTL) 4.402E-6
18 MS(CONTL) 1.818E-5

Mr. Vice-Chancellor Sir, the research team was trilled by the result obtained in this

investigation. A patent application was filed at National Office for Technology

Acquisition and Promotion office through the directorate of research, innovation and

partnership (DRIP).

2.4 Computational Modelling of Chromium Steel in High Temperature

Applications

Adetunji et al. (2015) used computational modelling method to investigate the modern

martensitic 9-12% Cr steels as alloys with excellent mechanical properties even at

elevated temperatures which could serve as energy storage material. Power plants, gas
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turbine, automobile engines were built using heat resistant steels grades. This type of

steel is characterized by a low price but still acceptable oxidation resistance and good

mechanical properties at elevated temperatures (Abe et al., 2009). The high strength of

these steels originates from their complex austenite microstructure with high

dislocation density, fine sub-grain structure and dense distribution of different types of

precipitates (Fujita and Bhadeshia, 1998).

2.4.1 Modelling of 9-12% Cr Steel

Computational modelling of heat resistant steel based on the creep strength, which has

been developed and implemented in the software MatCalc, is introduced and basic

formulations to determine the strengthening contribution of precipitates as well as the

solid solution hardening effect in multi-component alloys are developed (Abe et al.,

2008). The most essential input parameters on the strengthening models, which is the

inter-particle distance λ, are discussed and a general superposition rule for different

strengthening mechanism is stated.

2.4.2 Modelling of 12%Cr Steel For Heat Resistance

In a first step, calculations were carried based on MatCalc out for a reference alloy of

composition 12% Cr, 0.2% Si, 0.2% V, 0.1% C and 0.05% N to determine the

influence of the main alloy elements on the austenite stability and on the Laves phase

formation.

High contents of Co were intentionally used in order to stabilize the austenitic field,

Cobalt shows a high solubility in the ferrite and low solubility in the precipitates, and

hence Co remains in the matrix as a solid solution. As an example, the influence of Co

on the austenite stability of the reference alloy calculated by MatCalc is shown in Fig.

4-1. A single-phase austenite field above 1055°C is found for high Co contents above

1% (in order to avoid the formation of -ferrite in the reference alloy).

Tungsten is well known to increase the high temperature strength via solid solution

hardening, suppressing the recovery of the martensitic matrix and increasing the

stability of the precipitates by decreasing the self-diffusion rate. Tungsten is the most

potent laves phase former and for this reason, it is interesting to determine the

necessary amount of W in the reference alloy in order to form laves phase at the

temperature of interest (650°C). In Fig. 10 it can be seen that the laves phase

precipitatesfor more than 1% W at 650°C. The amount of W is restricted to 5.5% in
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order to obtain single-phase austenite field at temperatures above 1085°C, avoiding the

formation of -ferrite which decreases the creep strength. In the phase field of interest,

also ferrite and M23C6 carbides are observed. The M23C6 precipitate is of the type (Cr,

W, Fe) 23C6 whereas the Laves phase is of the type iron tungsten (Fe2W). The

calculations also predicted a stable z-phase of the type chromium vanadium nitride

(CrVN), what is indeed expected due to the high amount of Cr in the alloy A high Cr

content increases the driving force for the precipitation of the Z-Phase, which is more

stable compared to carbonitride (VMX) in 12% Cr alloys.

2.4.3 Computer simulation of 12%Cr Steel

The MatCalc model is applied to the simulation of the precipitate evolution during the

entire heat treatment and service of the 12%Cr steel. First, a thermodynamic

equilibrium analysis of this steel is performed, which provides an overview of the type

and amount of different phases that can be expected to occur at given chemical

composition and temperature. Then, the results of the kinetic simulation are discussed

(Robson and Bhadeshia, 1997). The thermodynamic equilibrium analysis is an

important step in a comprehensive material Characterization. By this method,

information can be obtained. Figure 10 contained phase fraction diagram of 9-12%Cr

Steel.

Precipitation strengthening is a key mechanism for improving mechanical properties of

creep resistant materials. With the simulation softwares MatCalc and ThermoCalc,

which is based on independent thermodynamic and kinetic databases and on a novel

theoretical approach to model multi-component multi-phase precipitation kinetics, the

strengthening contribution from precipitates is predicted for the entire life time of a

sample on the example of the 9-12% Cr steels.

The initial microstructure of the simulated samples showed metal carbides (M23C6)

and metal compound (MX) particles and which calculations at the tempering

temperature are in agreement with the thermodynamic equilibrium. therefore the

modelled 9-12% Cr steels with tailor-made microstructures for applications such as

fossil fuel fired power plants and internal combustion engines.
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Fig.10 : Calculated phase fraction diagram of 12% Cr Steel (Adetunji et al., 2015)

2.5 Electrochemical Inhibitory Effects of Nonedible Vegetable Oils on Low-

Alloyed Low Carbon Steel in H2SO4

My research team and I reported the corrosion inhibition mechanisms of Rubber, Neem

and Jatropha seeds oils on low-alloyed low-carbon steel in 0.5M H2SO4 environment

(Adesusi et al., 2020). Low-alloyed low-carbon steels (LALCS) are materials of major

applications in transportation, oil and gas and construction industries such that despite

their superior corrosion performance against the plain counterpart, they become

degraded on exposure to aggressive media. Acid pickling and de-scaling of steel alloys,

oil well acidifying and petrochemical processes employ the use of acidic media such as
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sulfuric, nitric and hydrochloric acids, whose effects lead to oxidation of steel surfaces

in contact with. As a commonly used steel de-scaling agent, Sulfuric acid is the

cheapest of these mineral acids, has far lesser tendency of pitting substrates compared

with hydrochloric.

2.5.1 Sample Preparation and Mounting

Bulk sample of LALCS was cut into smaller samples of surface area which equaled 1.0

cm2 . These samples were mounted in epoxy resin with hardener, forming the working

electrode (WE). Exposed surface areas of the mounted LALCS samples were abraded

using emery cloth grades up to 1200, washed with double-distilled water, degreased

with ethanol and acetone and dried prior to experimentation. Each sample of the WE

was later connected to a three-electrode cell, run by VersaSTAT4 potentiostat of

Princeton Applied Research and data acquired via Versa Studio software, alongside

platinum and silver–silver chloride (Ag/AgCl) which are the counter electrode (CE)

and reference electrode (RE), respectively.

2.5.2 Open-Circuit Potential (OCP)

Determination of Open-circuit potential for each experimental run was determined by

soaking the epoxy-resin-mounted samples of LALCS in the prepared 0.5 M H2SO4

medium for conditions without and with oil samples of Rubber seed oil (RSO), Neem

seed oil (NSO) and Jathropha seed oil (JSO) in the concentration range of 0.01–0.03

g/mL. The samples soaked were allowed to corrode freely for 45 min each, until fairly

steady values of potentials were achieved, without the passage of electrical current; and

the potentials at which this occurred were determined through Versa Studio software

before the commencement of each polarization experimental run.

2.5.3. Potentiodynamic Polarization (PP)

The CE, RE and WE mounted in epoxy resin were immersed into the H2SO4

environment without the addition of oil inhibitors. Subsequently, H2SO4 environment

was made with the addition of RSO, NSO and JSO oil inhibitors, respectively, in

concentrations that ranged 0.01– 0.03 g/mL at step 0.01 g/mL. The PP corrosion tests

were made positive going toward the OCP at a scan rate and potential range of 1 mV/s

and ± 250 mV, respectively, for each sample prepared. Corrosion data (potential and
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currents) were automatically obtained via Versa Studio software, and plots of potentials

against logarithm of current densities (polarization curves) were obtained alongside.

2.5.4 Potentiodynamic Polarization Parameter Measurements

The corrosion parameter values for steel sample shown in Table 4 were obtained from

Tafel extrapolation of polarization plots, for steel sample inhibited by RSO. This

table shows shifts in the corrosion potential in the more positive direction, reduction in

the corrosion current densities, significant changes in both anodic and cathodic slope

values, downward trend in the values of the corrosion rate as the concentration of RSO

in the corrosive medium increased. The shifts in the corrosion potential in the more

noble directions as experienced by steel sample in corrosive medium with increasing

concentration of RSO are clear indications that the steel sample was rendered less

susceptible to the corrosive action of the medium. This is also made evident by the

downward trends of the corrosion current densities obtained and consequent increases

in the inhibition efficiencies of RSO. The highest shift in corrosion potential for

solution inhibited by RSO is greater than 85 mV; therefore, RSO can be classified as an

anodic inhibitor. Thus, RSO inhibited corrosion of the substrate by blocking the anodic

sites. Inhibition reaction of RSO was under cathodic control as the change in cathodic

slopes was more significant which means the mechanism of oxidation reaction at the

anodic sites was not affected, rather the hydrogen evolution mechanism at the cathode

was altered by surface film formed on the substrate by RSO.The same trend followed

for the corrosion parameters in Table 4 as the corrosion potentials drifted in the nobler

direction with accompanying decrease in corrosion current densities in accordance with

the increase in the concentration of NSO. Nobler drift of corrosion potential showed

that NSO rendered the substrate less reactive in the corrosive medium, and the highest

drift in this potential was less than -85 mV which indicated mixed inhibition process

which is also evident from the remarkable change in both anodic and cathodic slopes.

Change in anodic and cathodic slopes showed that NSO inhibitors affected both

oxidation and hydrogen evolution reactions, altering the reactions mechanism at the

anodic and cathodic sites while JSO inhibitor could not be classified. which seem

parallel, alike and remarkably different from that without NSO. Large reduction in the

anodic slope values is suggestive of increased anodic reaction due to increased anodic

dissolution resulting from local action of corrosive environment.
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Table 4: Potentiodynamic polarisation data for LALCS in 0.5 M H2SO4 @0.01

Parameter RSO@0.01(g/mL) NSO@0.01(g/mL) JSO@0.01(g/mL)

Ecorr (mV) -301.730 -419.582 -445.826

Icorr(nAcm-2) 491.682 86,920.000 222.255.000

CR(E-5 mm/yr) 523.42 92,531.000 236,600.000

θ 0.99916 0.85429 0.61919

IE(%) 99.916 85.429 61.919

Βa (mV/Dec) 179.356 39.456 44.673

Βc (mV/Dec) 636.599 146.287 150.828

Source: Adesusi et al., 2020

2.5.5 Corrosion Rate and Inhibition Efficiency of RSO, NSO and JSO

The corrosion rates of steel substrate in corrosive medium with inhibitors and inhibition

efficiencies of RSO, NSO and JSO with respect to the increase in the concentration of

respective inhibitor type. The corrosion rates of steel substrate in corrosive medium

inhibited by RSO, NSO and JSO, respectively, reduced drastically on the addition of

inhibitors with corresponding increase in inhibition efficiencies. It could be seen that

corrosion rate of substrate inhibited by RSO was least at concentration 0.01 g/mL and

with the highest inhibition efficiency at this concentration. But as the concentrations of

each inhibitor increased from 0.01 g/mL, corrosion rate of substrate inhibited by RSO

increased slightly to equal corrosion rates of substrate inhibited by NSO and JSO which

reduced further and with corresponding increase in inhibition efficiencies. The

corrosion rate of steel substrate inhibited by RSO, which dropped slightly, may be due

to the attainment of critical concentration by RSO in the corrosive medium beyond

which desorption may start manifesting. Thus, at low concentration of respective

inhibitor, Rubber Seed Oil inhibited corrosion of steel substrate the best, while at

higher concentrations all inhibitors are adjudged similar in inhibition efficiency.

2.6 Cost of Corrosion of Metallic Products in Federal University of Agriculture,

Abeokuta

Adetunji et al.(2017) evaluated the cost of corrosion of metallic products utilised in

Federal University of Agriculture, Abeokuta (FUNAAB). The facilities considered in

the study included; FUNAABOT buses, tractors, other university vehicles, toilet

facilities (metallic components), fuel filling station pumps and tanks, and main gates.
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The question that may arise is, why is university the case study for corrosion cost?

University is an institution for learning and research with sub-division of units or local

and international community. It’s a general problem that needs to be tackled

academically and industrially, it’s a pity that majority of institutions in Nigeria fail to

produce records on corrosion cost update including academic environment. The

usefulness of metallic facilities can be appreciated until spending to curb corrosion and

for proper maintenance is specified. University’s environment is a community on its

own with metallic facilities, structures, and some domestic industries/factories need to

be considered for proper study.

The recent survey on cost of metallic corrosion in United States with data collated

from more than 130 economic sectors, was estimated to be $82 billion in 1975 which

was 4.9 percent of its GNP then. It was found that 60 percent of that cost was

unavoidable, and 40 percent was said to be avoidable. In Nigeria, different papers have

been developed on cost of corrosion of crude oil processing industry was calculated by

engineering economy method and found to be 77 cent/barrel, and the corrosion cost in

food and agro processing industries was calculated by life cycle costing analysis and

the total cost was found to be Ꞥ 22,350,600. This study was carried out to estimate the

cost of corrosion of metallic products in Federal University of Agriculture, Abeokuta

from 2013-2015 and to forecast the cost from 2013-2016, in order to provide efficient

corrosion mitigation measures.

This study covered both the main campus and mini campus of the institution. It was

very difficult to obtain complete parameters, since most of the public and private

organisations in the country lack transparent or genuine databases for every operation

being carryout. Questionnaire and interview proforma were used to collect data, but

majority of the information gotten through interview proforma. The data collated were

supplied by the respondents in the following units of the case study; works and services,

physical planning, DUFARM, bursary, and environmental management.

The facilities put into study were main gates, generators, toilet facilities, FUNAABOT

buses, university vehicles, tractors, and fuel filling station facilities, to obtain total

expenditure in carrying out oiling, greasing, cleaning, painting, and repairing to control

corrosion, and the data was from 2013-2015 covering three years, since the study was
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done in 2016, the current year was forecast. The gathering was made possible by

knowing the frequent use or periods in rendering those services in preventing corrosion.

The metallic corrosion cost was analysed by both descriptive statistics and engineering

economy method for simplification. The procedures and some of the equations used

were stated below:

Determine the statistical analysis of the respondents for accessing their performance.

Determine the market interest rate (If),

If = i + f + (i × f) (18)

Determine the future value (FV),

FV (2015) = PV (FV / PV, If%, n) = PV 1 + If
n (19)

Determine the annualized value (AV), Akinyemi et al., 2012

AV = PV (AV/PV, If%, n) = PV IfeIfn

eIfn−1
(20)

Finally, forecast the current year by least square method, and was compared with the

previous years.

The assessment of those responses according to the year of experience as shown in

Table 5, (M = 2, SD = 1.41) suggests that majority of the respondents fall within the

group 6-10 years, according to knowledge and experience (M = 1.25, 0.75 and SD =

0.96, 0.96) indicates that group 6-10 years of experience conversant with the study,

according to education and interest (M = 1.67, 1 and SD = 1.16, 1.73) indicates that

respondents having high interest for the study were degree holders, and for professional

body (M = 4, SD = 4.24) majority of the respondents belong to the professional bodies

in their respective area of work.

The total costs of prevention methods in all the facilities considered per year are

shown in Table 6. Cleaning gave the highest cost contribution (69%) due to frequency

of use, followed by the used of oil (30%) determined by the hour of operation, use of

grease gave (1%) cost contribution, and painting zero percent cost contribution of the

total cost.
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Table 5: Descriptive statistical analysis of the respondents

S/N Variable N Min Max Sum Mean SD

1. Experience 4 1 4 8 2 1.41

2. Knowledge

and

experience

Moderate

High

4

4

0

0

2

2

5

3

1.25

0.75

0.96

0.96

3. Education

and interest

Moderate

High

3

3

1

0

3

3

5

3

1.67

1

1.16

1.73

4. Professional

body

2 1 7 8 4 4.24

Table 6: Cost of corrosion prevention methods in Naira

Year Oil Grease Cleaning Painting Total

2013 5,166,229 107,408 11,650,464 - 16,924,101

2014 5,554,538 115,293 12,604,506 6,820 18,281,157

2015 6,116,634 126,911 14,722,747 7,500 20,973,792

Total 16,837,401 349,612 38,977,717 14,320 56,179,050

(29.97%) (0.62%) (69.38%) (0.025%) (100%)
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Fig. 11: Percentage cost of corrosion prevention methods

Table 7: Cost of corrosion maintenance methods in Naira

S/N Year Prevention Repair Total

1. 2013 16,924,101 33,316,876 50,240,977

2. 2014 18,281,157 35,866,466 54,147,623

3. 2015 20,973,792 41,593,249 62,567,041

Total 56,179,050 110,776,591 166,955,641

(33.65%) (66.35%) (100%)

The cost of corrosion maintenance methods shown in Table 7 indicated the cost

analysis of maintenance from year 2013 to 2015. Prevention is the addition of the cost

of (oiling, greasing, cleaning, and painting). Repair is the cost of element of facility,

cost in overhauling, and scheduled maintenance when the facility can no longer be

maintained by routine maintenance. From the result, repair gave highest cost

contribution (66%), and prevention gave (34%) of the total cost of corrosion. Repair

consumes large amount of money or the case study loses huge amount of money to

repair, was as a result of unproductive, non-effective, and low awareness on corrosion

prevention methods, but with proper corrosion control measure like; oiling, greasing,

cleaning, and painting will reduce the loses.
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Fig. 12: Percentage cost of corrosion maintenance methods in 2013

Table 8: Summary of annual cost of corrosion (PV=Present value, FV=Future value

And AV=Average value)

S/N Year PV FV(2015) =

PV(FV/PV,If%, n)

AV =

PV(AV/PV, 23.85%, 3)

1. 2013 50,240,977 71,805,422 33,748,548

2. 2014 54,147,623 65,182,909 30,635,967

3. 2015 62,567,041 62,567,041 29,406,509

Total 166,955,641 199,555,372 93,791,024

Table 9: Forecast summary of annual cost of corrosion (2013-2016)

S/N Year PV FV(2016) =

PV(FV/PV, If%,

n)

AV =

PV(AV/PV, 35.10%,

4)

1. 2013 50,240,977 85,843,382 40,346,390

2. 2014 54,147,623 78,467,185 36,879,577

3. 2015 62,567,041 77,489,280 36,419,962

4. 2016 110,694,747 110,694,747 50,026,531

Total 277,650,388 352,494,594 163,672,460
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The summary of the overall cost of corrosion from (2013-2015) was shown in Fig. 13.

The future value was discounted in 2015, and the annualized value was discounted to

2015, and estimated with the aid of real interest rate, inflation rate, and market interest

rate.

Fig. 13: Overall cost of corrosion between (2013-2015) and (2013-2016)

Only the present value of the cost gave an upward trend, but the future value and the

annualized value of the cost gave a downward trend.

The forecast summary of the overall cost of corrosion from (2013-2016) with (95%)

confidence level and the (5%) significance level and was obtained by regression

(least square method). The present value, future value, and annualized value gave an

upward trend caused by double increment in market interest rate and improper

corrosion control measure.

The annualized value of the cost of corrosion obtained in this study was estimated to be

Ꞥ 93,791,024,which was of high value than the average total cost estimated to be

Ꞥ 22,350,600 by Jekayinfa et al., 2005 on a period of five years, and was lower than

the previous study carried out by Akinyemi et al., 2012 on a period of five years was

estimated to be $1,216,236. Thus, with effective prevention methods loses from

repair cost can be brought down. The other cost of corrosion which should have been

included were the labour cost, cost in controlling pollution, downtime cost, and

conversion/disposal cost, but the data on all these costs were not available

Mr. Vice-Chancellor Sir, from the total cost of corrosion prevention methods of all the

facilities in 2013, cleaning gave the highest cost contribution (69%), followed by oiling
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(30%), greasing with (1%), and painting with zero percent cost contribution. The total

cost of corrosion of all the facilities was estimated to be Ꞥ 166,955,641, with repair

cost (66%), and prevention cost (34%) of the total cost.

3.0 CONTRIBUTIONS TO HUMAN CAPITAL DEVELOPMENT

I have been involved in many engagements relating to teaching of students, supervision

and mentoring of students and playing leadership roles in community engagements

locally, nationally and internationally exposing me with diverse opportunities to make

positive impact to humanity.

3.1 Teaching

Mr. Vice-Chancellor Sir,I have taught about seven thousand (7,000) students

comprising undergraduate and post graduate since my appointment as Lecturer II in

2008. The courses that I have handled at undergraduate level included Introduction to

Engineering Mechanics, Introduction to Engineering Drawing, Engineering

Materials, Materials Science for Engineers, Design of Machine Elements,

Engineering Materials Selection and Economics, Engineering Metallurgy, Corrosion

and Wear Engineering, Law, Management and Entrepreneurship. At postgraduate

level, I have taught Computer Optimisation and Design, Theory of Plasticity and

Experimental Stress Analysis. I have been able to impact the technical know how

with probity and integrity.

3.2 Supervision of students’ projects, dissertations and theses

Mr. Vice-Chancellor Sir, I have majorly supervised about ninety two (92)

undergraduate and postgraduate diploma students, twenty three (23) master of

engineering students and six (6) doctor of philosophy students in this university

between 2008 and 2025. I have also co-supervised six (6) doctor of philosophy, and

over ten master students within the same period. Notable among them are Professor

S.A.Afolalu, a professor of Mechanical Engineering at Afe Babalola University, Ado-

Ekiti, Nigeria, Dr. O.M. Adesusi of Igbinedion University, Okada and Dr. Femi

Owoeye of Yaba College of Technology .Others are spread over industry and

academics in Nigeria and abroad.
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3.3 Leadership in Administration and Community Engagements

I have served in many administrative and academic positions that have affected both

students and staff positively in this university. Among them are the following; Acting

Head of Mechanical Engineering Department, Federal University of Agriculture,

Abeokuta (November 2016-November 2018); Post Graduate Coordinator,

Department of Mechanical Engineering (December 2018 -December 2024); Deputy

Dean, College of Engineering, Federal University of Agriculture, Abeokuta (September

2021- July 2025) and Acting Dean, College of Engineering (July-September, 2025). I

initiated digital communication platform, students and staff industrial visit and

improvement in students technical contents. The experience and skills gained improved

my administrative tactics.

I have the opportunity to serve in many committees at this university. Among which

were: Member of Senate, November 2016-2018; October 2020-date, Member of

FUNAAB PG Board, November 2016-2018; September 2021- September 2025,

Examination Officer of the Department of Mechanical Engineering, October 2010-

2016, COLENG Representative in FUNAAB Admission Committee, November 2022-

2025, Member of FUNAAB PG School Business Committee, October 2015-2016;

November 2022-September 2025, Member of Committee for COLENG Graduates

Induction to Nigerian Society of Nigeria 2014-2018, Member of COLENG

Conference Committee 2015-2016 (h) COLENG Representative in other college boards;

COLHFEC 2012-2013; COLERM 2014-2016; COLMAS 2016-2017, COLENG

Representative in other college promotion committees; University Library 2017-2018;

COLERM 2018-2019; COLVET 2020-2025.I made positive contributions in

deliberation at the meetings.

Mr. Vice-Chancellor Sir, I served as Petroleum Training Development Fund

Scholarship Assessor in October, 2024 to date where we ensure qualified and

competent students were awarded scholarships. I was appointed as member of Ogun

State Technical Committee (OGSTC), and Engineering Regulation Monitoring (ERM)

of the Council for the Regulation of Engineering in Nigeria (COREN) by Nigerian

Society of Engineers Abeokuta branch in 2023 to date. This committee monitors state

and Federal government projects to ensure adherence to due diligence. I was elected
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as Continuous Professional Development Coordinator of Materials Science and

Technology Society of Nigeria (MSN) in 2022-date. Relevant topics leading to

technical development of members were considered on a yearly basis. I served as

Nigerian Society of Engineers, Abeokuta branch Corporate Membership Examiner,

2019-2021.I served as a resource person for Ogun Osun River Basin Development

Authority Workshop on January 13, 2020 at Ogun Osun Conference Centre, Abeokuta

where I delivered a paper titled ‘Best Engineering Practices in Maintenance and Safety

Precautions’. I was the National Technical Secretary, Nigerian Corrosion Association

(NICA), Nov.2019-2023. I served as Chairman MSN Special Materials Lecture

Materials Organising Committee, 2023 -2025. I was the INEC RA Collation Officer,

Ogun State,Nigerian Presidential & National Assembly Elections, 23rd February, 2019

and 25th February, 2023. I earlier served as INEC RA Collation Officer, Ogun State,

Nigerian State Governorship &House of Representatives Elections, 9th March, 2019

and 25th February, 2023 where we ensured correct collation of votes cast. I was the

National Auditor, Materials Science and Technology Society of Nigeria Executive

Board, November, 2018-2022. I was the zonal Chairman and Advisory Board Member

of Nigerian Metallurgical Society 2016-2020. I have been serving as facilitator for

Nigerian Corrosion Association Basic Corrosion Course since 2024, and a member of

NiCA Corrosion Institute. My colleagues and I organised basic corrosion courses for

science and engineering graduates to learn the basics of corrosion engineering

knowledge thus spreading corrosion awareness knowledge. We also celebrate corrosion

awareness day on April, 24, 2024 and in 2025 through radio

(https://www.boilingpointng.com/world-corrosion-dy-funaab-don-prof-adetunji-

canvasses-proactive-efforts-by-stakeholders/) and television interviews

(https://www.facebook.com/share/v/1FTFipoeLr/).

I have served as external examiner and promotion assessor to the following universities:

(a) Federal University of Oye Ekiti as promotion assessor (4 times) (b) Obafemi

Awolowo University, Ile-Ife as external examiner and promotion assessor (c ) Federal

University of Technology, Akure as external examiner (d)External Promotion Assessor

for Landmark University, Omuaran (e ) Igbinedion University, Okada, Edo State as

undergraduate external examiner (f) Ladoke Akintola University of Technology

Ogbomoso as external examiner (thrice) and promotion assessor (g) Olabisi Onabanjo
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University (OOU) as external examiner. I have also assessed staff of polytechnics

namely Adeseun Ogundoyin Polytechnic, Eruwa and Yaba College of Technology.

In each occasion high level of professional ethics was adhered to.

I was appointed as member of Editorial Committee-British Journal of Applied Science

and Technology-2012-date. I served as Board Member, ASSOMEDEG Technical and

Vocational Training Institute Otta, 2013 - 2019. I served as reviewer to British

Journal of Applied Science and Technology, Emerald Journal, Corrosion and

Protection Journal, Nigerian Journal of Materials Science and Engineering, 2015-2020.

I was a reviewer to Elsevier MATCHEMPHY and Materials Today Journals

2012–2020 and proceedings of International conference on sustainable infrastructural

development by Covenant University, Otta, 2022. I served with high level of

competence and was awarded certificates.

I was elected as the Treasurer, Idimango Community Development Association 2022–

date. I was also elected as Vice-Chairman, Legacy Club of Okuku, Okuku, Osun State,

Nigeria 2017-date, and Chairman Nigerian Corrosion Association (NICA) Conference

Planning Committee,2020. I was elected as Zonal Chairman, Nigerian Corrosion

Association for South West, 2023 to date and African Scientific Research and

Innovation Council (ASRIC) Journals Stake holder in 2024 and NiCA 2025 LOC

Chairman. I was appointed as a Research fellow, INTI International University

Malaysia, Dec.2023-Dec.2025, and Editor and board member of Clareus Scientific

Journal (USA), April 2025. I participated in 11th.International Conference on Materials

Processing and Characterization, ICMPC December 15-18, 2020, IIT Indore, India,

attended 12th International Scientific Conference, Warsaw, Corrosion 2019,

Warsaw, Poland,May, 27-29. I attended International Renewable Energy & Power

Conference, Atlanta, USA 2015,5-7,October, 2015, Atlanta, Georgia, and International

Scientific Conference CORROSION 2014, Silesian University of Technology, Gliwice,

Poland, 18-21 November, 2014, Gliwice, Poland. I was part of 12th Annual Conference

of Nigerian Materials Congress of 2013 (NIMACON): at African University of Science

& Technology (AUST):, Abuja, November, 2013.

I have worn the following grants during my academic pursuit.
i Federal Government Post Graduate Scholarship for M.Sc. 1988/89 and1989/90 sessions

ii Federal Government UniversityAcademic Staff DevelopmentProgramme Grant
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Recipient 2008– 2012

iii Conference Grant recipient from TetFund in 2014 to fund Polish corrosion conference in

Gliwice, Poland

iv Conference Grant recipient from TetFund in 2019 to fund Corrosion 2019 Polish corrosion

conference in Warsaw, Poland

v Research fellow, INTI International University Malaysia, Dec.2023-Dec.2025

vi Research publication grant of £500 for open access payment and $500 incentive

payment by INTI International University Malaysia, 2025.

vii Research fellow, INTI International University Malaysia, Dec.2025-Dec.2028.

4.0 CONCLUSIONS

Mr. Vice-Chancellor Sir, distinguished guests, ladies and gentlemen, I am really very

grateful for your patience and precious time devoted to this lecture. I have narrated the

dangers posed by corrosion of metallic materials and the advantages accrued through

its combat.

Corrosion of metallic materials creates a significant loss to the economy of a nation as

it affects multiple sectors like building infrastructure, transportation (automobiles in

aviation, rail, road and ocean liners), manufacturing and energy in the service

environment. Neglecting this menace will have implications on safety through

structural failures leading to buildings and bridges collapses, industrial accidents can

occur due to equipment malfunctioning, chemical leaks and fire outbreaks which affect

the environment negatively may evolve.

Combating the corrosion menace can be achieved through proper design, best practices

in materials selection, the use of protective coatings for facilities, adoption of cathodic

protection technology for processing industries including oil and gas, and appropriate

use of inhibitors.

Regular monitoring and inspection can help prevent early failure due to corrosion.

Adoption of smart corrosion monitoring technology can assist in early detection of

failure with buried facilities be it storage tank or transport pipelines.



51

5.0 RECOMMENDATIONS

The followings are recommended to governments, public and private organisations.

(1) Federal, state and local governments of Nigeria should recognise World Corrosion

Organisation Celebration of Corrosion Awareness Day on every April, 24, every

year to educate the citizens on the importance of corrosion in our society.

(2) Government should resuscitate the moribund Ajaokuta Steel Complex to produce

good quality steels thus reducing the dependence on importation of steel being

used in the country to save our foreign exchange.

(3) Government should ensure through Council for the regulation of engineering

practice in Nigeria (COREN) that all projects issued out by bureau of public

procurement factor in corrosion issue at design stage.

(4) Government company and agencies should adopt best practices in corrosion

prevention and control to reduce wastes.

(5) Corrosion monitoring and control units should be set up in private manufacturing

outfit, works department of tertiary institutions to reduce the maintenance cost.

Consideration should be given to corrosion damage to equipment and facility at

the planning stage. Co-operation with education institutions through funding of

industry related researches could engender industrial growth and promote local

content initiative.

(6) Oil filling stations and depots in Nigeria should adopt the use of sacrificial anode

cathodic protection to prevent product loss due to buried tank leakages to curtail

environmental degradation.

(7) There is also a growing need to integrate corrosion engineering principles into

the university curricula to address the challenges posed by corrosion across various

sectors.

(8) A well equipped standard workshop should be built in the college of engineering to

measure up with the status of a world class university. More engineering courses

should be established to cater for the needs of the society like Materials

engineering, marine and sub-sea engineering, bio-medical engineering and

aerospace engineering.
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