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ABSTRACT
This study investigates the inhibition of mild steel corrosion in cassava fluid, using selected amino acid derivatives: leucine, alanine, and methionine. The cassava fluid, known for its acidic as cyanic acid, accelerates the degradation of steel equipment. The research aimed to assess the corrosion rates in the presence and absence of amino acid inhibitors through a weight loss method over a 10-day exposure period. The result obtained indicate that alanine was observed to be more efficient than leucine and methionine by providing corrosion inhibition at molar concentrations of 0.20M, 0.30M and 0.30M respectively. The study confirms that amino acid-based inhibitors are environmentally friendly, cost-effective, and viable alternatives for protecting mild steel equipment used in agro-processing industries. Particularly cassava processing, thereby improving operational longevity and reducing maintenance costs.
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CHAPTER ONE
[bookmark: _Hlk202661380]1.0	INTRODUCTION  
1.1	Background Study  
The increasing focus on developing agro-based industries in Nigeria has prompted significant government investment in the installation of machinery and processing plants in rural areas, particularly for cassava and its derivatives, which have become staple food products. However, a major challenge in achieving this objective is the high frequency of machinery exposure to cassava juice, which contains cyanic acid. This acidic content accelerates corrosion, thereby reducing the lifespan of processing equipment. Consequently, this study aims to develop an effective corrosion inhibitor for cassava processing machinery, offering a cost-effective solution for sustainable industrial operations.  
Carbon steel and mild steel are among the most commonly used materials for machinery fabrication in Nigeria due to their affordability and availability. However, these metals are highly susceptible to corrosion, a challenge that has been widely recognized in the food and agricultural processing industries (Ogunniyi et al., 2001). This highlights that metallic corrosion in processing equipment is exacerbated by the presence of certain ions in raw agricultural and food products, which accelerate degradation. This corrosion ultimately leads to premature machinery failure, increasing maintenance costs and disrupting production processes.  
To mitigate this menace, it is essential to identify suitable materials and protective measures that enhance the durability of machine components. Proper material selection and corrosion prevention strategies are crucial to ensuring the efficiency and longevity of agricultural processing equipment.  
Cassava is a widely cultivated root crop that naturally accumulates two cyanogenic glycosides—linamarin and lotaustralin. Upon hydrolysis, linamarin produces hydrogen cyanide (HCN), a toxic compound that can adversely affect the components of processing machinery (Montagnac, Davis & Tanumihardjo, 2009). The conversion of cassava into popular food products such as garri and flour involves several primary processing operations, including peeling, washing, slicing, grating, dewatering (fermentation, sifting, drying), frying, post-grinding, packaging, and storage.
The mechanical operations required for cassava processing employ machinery with varying levels of sophistication, making corrosion a common problem. The corrosive impact of cassava fluids becomes particularly severe during the conversion of cassava tubers into pulp followed by fermentation. In this stage, yeasts and other microorganisms break down sugars in the mash through hydrolysis, producing compounds and conditions that further accelerate metal degradation.
Corrosion, in general, refers to the gradual deterioration of materials as a result of electrochemical reactions, which often lead to material loss over time. This process occurs when metals come into contact with environmental elements such as moisture, air, and various organic or inorganic substances (Alagbe, 2012). Such interactions weaken the structural integrity of machine components, significantly reducing their service life and operational efficiency in cassava processing.
Corrosion arises from differences in the electrode potential of various metal parts and the pH of the surrounding medium. It is an electrochemical phenomenon involving both anodic and cathodic reactions, influenced by the interaction between the metal electrodes (anode and cathode) and environmental conditions. In steel, corrosion typically results from the development of anodic and cathodic sites on its surface, a consequence of the metal’s non-homogeneous composition (Alagbe, 2012).
A common approach to mitigating corrosion is the use of chemical inhibitors. When added in small concentrations to a corrosive environment, these substances can significantly reduce or even halt metal deterioration (Alagbe, 2012; Sanya, Raja et al., 2014).
Mild steel remains one of the most widely utilized materials in the fabrication of agro-processing equipment due to its availability and cost-effectiveness. However, in cassava processing, the presence of aggressive cyanic ions compromises the compositional integrity of mild steel. This accelerates material degradation, leading to reduced equipment lifespan and, in many cases, sudden and costly machinery failures.  
The cassava processing industry continues to grapple with serious corrosion-related issues, largely due to the materials used in machinery construction. The primary factor driving this problem is the aggressive action of cyanide compounds present in cassava, which hastens the degradation of metallic components. Consequently, the application of effective corrosion inhibitors is essential for improving both the durability and operational efficiency of processing equipment.
Several techniques have been developed to evaluate the performance of corrosion inhibitors in cyanic acid–containing environments. Common methods include weight loss analysis, electrochemical testing, hydrogen evolution measurement, thermometric evaluation, and microscopy-based surface examinations.
In industrial practice, various organic compounds—such as amines, acetylenic derivatives, and alcohols—have proven useful as corrosion inhibitors. Notably, triazole-based organic compounds and their derivatives have gained recognition for their high efficiency in reducing corrosion of metals and alloys under a wide range of environmental conditions (Obot & Obi-Egbedi, 2010).
Research indicates that amino acid derivatives can serve as corrosion inhibitors in both acidic and basic environments. This study aims to evaluate the inhibitory effects of specific amino acid derivatives, including tyrosine, lysine, and glutamine, on mild steel corrosion in cyanic acid solutions.  
[bookmark: _Hlk202661428] 1.2	Statement of Research Problem  
Cassava and its derivatives represent a significant source of carbohydrates in Nigeria, which are processed on machine such as garri fryers, cassava peelers, graters, and pressers. However, cassava contains an aggressive cyanide ion (CN⁻), which contributes to stress corrosion and premature equipment failure.  
The intention of this research is to develop a solution to mitigate the corrosive effects of cassava processing on machinery, thereby enhancing the durability and efficiency of the equipment used in agro-processing industries.  
[bookmark: _Hlk202661480] 1.3	Aim of the Study  
The aim of this research is to investigate the inhibition of corrosion of mild steel in cassava fluid by some amino acid derivatives
[bookmark: _Hlk202661498]1.4	Objectives of the Study  
1. To examine the inhibitive properties of amino acid derivatives and their kinds of corrosion.
2. To determine new inhibitors among some proteinous derivatives and,
3. To suggest solution to corrosion damage caused by agro-fluid.   
[bookmark: _Hlk202661522] 1.5 	Justification of the Study  
This study is conducted to explore the corrosion inhibition potentials of amino acid derivatives in cyanic acid environments. By utilizing amino acid-based inhibitors, the research aims to develop a sustainable and effective approach to mitigating corrosion in cassava processing machinery, ultimately enhancing their durability and operational efficiency.  


CHAPTER TWO
[bookmark: _Hlk202661558]2.0	LITERATURE REVIEW  
[bookmark: _Hlk202661573]Metals generally corrode due to their inherent instability in the refined state. For example, steel tends to revert to its natural oxide form, as it occurs in the earth’s crust. Most iron ores exist as iron oxides, and the rusting (corrosion) of steel in the presence of water and oxygen produces a hydrated iron oxide, commonly known as rust. Corrosion is defined as the degradation of a metal through chemical or electrochemical reactions with its surrounding environment. Steel, being non-homogeneous, develops anodic and cathodic sites on its surface at the onset of corrosion. When an electrolyte is present, small corrosion cells form on the surface. At the anodic regions, iron dissolves into the solution as ferrous ions (Fe²⁺), marking the initiation of the corrosion process.
2.1 	Corrosion of Mild Steel
Mild steel, a low-carbon steel valued for its excellent mechanical properties, ease of fabrication, and widespread availability, is widely utilized across industries including construction, manufacturing, and transportation. However, its primary drawback is its pronounced vulnerability to corrosion when subjected to aggressive or chemically reactive environments, which can significantly compromise its performance and service life.
[bookmark: _Hlk202661639]2.1.1	Electrochemical Nature of Corrosion
Electrochemical corrosion is the dominant mechanism responsible for the degradation of metals and alloys. This process occurs at the metal–liquid interface, where metal atoms undergo oxidation, releasing electrons that travel through the metal, while corresponding ions move through the electrolyte. The location and distance between anodic and cathodic sites play a critical role in determining the rate and extent of corrosion.
This phenomenon can occur on a metal surface containing impurity particles embedded within its microstructure. If these impurity particles are cathodic relative to the surrounding metallic matrix, they will promote localized corrosion. Since impurities often segregate along grain boundaries, electrolytic action will progressively expose more of these particles, leading to gradual intercrystalline corrosion of the material, as illustrated in Fig. 2.1.                        
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Figure 2.1 Typical Mechanism of electrolytic corrosion

Corrosion of mild steel is fundamentally an electrochemical process involving the oxidation of iron (Fe) to iron ions (Fe²⁺) at anodic sites, and the simultaneous reduction of hydrogen ions or oxygen molecules at cathodic sites. The anodic and cathodic reactions are coupled through the metallic surface and an electrolyte, leading to the gradual deterioration of the metal (Revie & Uhlig, 2008).
The main reactions can be summarized as follows:
· Anodic reaction (metal dissolution):
Fe→Fe2++2e− 
· Cathodic reaction (acidic media):
2H++2e−→H2​↑ 
· Cathodic reaction (neutral/alkaline media):
O2+2H2O+4e−→4OH− 
When exposed to aqueous environments containing oxygen and aggressive ions like chlorides or sulfates, the mild steel surface forms iron oxides and hydroxides, commonly recognized as rust.
[bookmark: _Hlk202661678]2.1.2	Electrochemical Behavior of Steel in Cassava fluid
The aggressive dissolution of steel in cyanide solutions is primarily due to the formation of hydrocyanic acid (HCN). The behavior of this group is similar to that of halogens because of its ability to form hydrocyanic acid, a relatively weak acid.
The following electrochemical reactions illustrate the sequence of processes involved:
1. Dissociation of cyanide ion to hydrocyanic acid:
CN−+H+→HCN	E0=−0.3V 
2. Decomposition of hydrocyanic acid into cyanogen and hydrogen:
2HCN→(CN)2+H2	E0=−0.7V 
3. Reduction of cyanogen to cyanide ion:
(CN)2+2e−→2CN−	E0=+0.14V 
These reactions demonstrate the potential electrochemical behavior of cyanide solutions. The cyanide ion can be regenerated, making the dissolution process continuous under certain conditions.
[bookmark: _Hlk202661702]2.1.3	Organic Acids Behavior (Citric Acid)
An example of an organic acid often considered is citric acid, a naturally occurring weak acid. Citric acid can facilitate the dissolution of steel by the following reaction pathway:
· Electrochemical dissociation:
(CH2COOH)2COHCOOH→CO2+H2O 
In the presence of organic acids like citric acid, the steel surface undergoes oxidation at the anode, where iron ions are released into the solution. Meanwhile, at the cathode, the reduction of hydrogen ions leads to the liberation of hydrogen gas.
Thus, understanding the behavior of steel in the presence of cyanides and organic acids is crucial for developing effective corrosion prevention strategies.
[bookmark: _Hlk202661779]2.1.4	Factors Influencing Corrosion   
1. Purity of the Metal: The presence of impurities in metals introduces heterogeneity, leading to the formation of galvanic cells with distinct anodic and cathodic regions. The higher the level of impurities in a metal, the faster the rate of corrosion at the anodic sites. For instance, impurities such as lead (Pb) and iron (Fe) in zinc (Zn) contribute to the formation of microscopic electrochemical cells at the exposed impurity sites, accelerating the localized corrosion of zinc
2. Nature of the Oxide Film: The protective ability of an oxide film depends on its volume relative to the underlying metal. If the oxide layer is thin or porous, it offers minimal protection, allowing oxygen (O₂) to penetrate and sustain the corrosion process. Metals such as magnesium (Mg), calcium (Ca), and barium (Ba) are particularly susceptible to this phenomenon (Llewelyn, 1958).  
3. Temperature: An increase in temperature or pressure directly accelerates the rate of corrosion, as electrochemical reactions occur more rapidly under high-temperature conditions. Elevated temperatures provide additional energy to the system, intensifying the chemical processes responsible for metal degradation (Bundy & Luedemann, 1989).  
4. Effect of pH: The rate of corrosion is highest in acidic environments. Generally, acidic conditions are more corrosive than alkaline or neutral mediums. Increasing the pH of a medium can reduce the corrosion rate; however, certain metals, such as aluminum (Al) and zinc (Zn), are prone to dissolution in alkaline conditions (Mardhiah et al., 2014).  
5. Concentration of Oxygen and Formation of Oxygen Concentration Cells: Corrosion rate increases with higher oxygen supply. In metals, the less oxygenated region acts as the anode, while the more oxygenated part functions as the cathode, facilitating corrosion.  
6. Humidity: The atmospheric corrosion of iron (Fe) progresses slowly in dry air but accelerates significantly in the presence of moisture. Moisture acts as a solvent for oxygen, forming an electrolyte that enables electrochemical cell formation. For example, the rusting of iron intensifies as humidity levels rise from 60% to 80% (White, 1992).  
7. Physical State of the Metal: Metals with unevenly distributed internal stresses are more susceptible to corrosion. Even in pure metals, stressed regions function as anodic sites, leading to localized corrosion. Caustic embrittlement commonly occurs in stressed sections such as bends, joints, rivets, and other structural weak points.
[bookmark: _Hlk202661801]2.1.5	Forms of Corrosion in Mild Steel
Mild steel may undergo various forms of corrosion depending on the environment:
· Uniform corrosion: A relatively even material loss over the surface.
· Pitting corrosion: Localized attacks forming deep pits.
· Crevice corrosion: Attack in shielded areas where stagnant solution exists.
· Galvanic corrosion: Occurs when mild steel is electrically coupled to a more noble material
[bookmark: _Hlk202661837]2.2	Corrosive Properties of Cassava Fluid
Cassava (Manihot esculenta) is a major tropical crop widely processed for food and industrial uses. During cassava processing, the plant exudes a liquid known as cassava fluid, which contains a variety of organic and inorganic substances that significantly contribute to its corrosive nature. Studies have shown that the chemical makeup of cassava fluid creates an environment that is highly aggressive to metals such as mild steel (Onuchukwu, 1995).
[bookmark: _Hlk202661856]2.2.1	Chemical Composition Contributing to Corrosivity
Cassava fluid contains several corrosive agents, including:
i. Organic acids like hydrocyanic acid (HCN), acetic acid, and formic acid, which lower the pH and create an acidic environment (Okafor et al., 2008).
ii. Cyanogenic glycosides (linamarin and lotaustralin) that, upon enzymatic breakdown, release cyanide ions (CN⁻), which are known to form soluble complexes with iron, leading to continuous metal dissolution.
iii. Fermentation byproducts produced by microbial activity, such as lactic acid and other organic acids, which further acidify the environment (Odoemelam et al., 2009).
iv. Chlorides and sulfates which may be present in trace amounts, promoting localized corrosion such as pitting.
[bookmark: _Hlk202661879]2.2.2	Mechanism of Corrosive of Cassava Fluid
[bookmark: _Hlk196729791]The primary corrosive action of cassava fluid on mild steel occurs through the following pathways:
· Acid Attack: Organic acids lower the pH, making the medium highly aggressive toward mild steel, accelerating hydrogen evolution reactions and metal dissolution (Popoola et al., 2013).
· Cyanide Complexation: Cyanide ions form soluble iron-cyanide complexes, preventing the formation of protective oxide layers and allowing continuous corrosion.
· Chloride-Induced Pitting: Chlorides, even in small amounts, can penetrate and break down any passive film formed on mild steel, leading to localized attacks.
[bookmark: _Hlk202661926]2.2.3	Corrosion in Natural Environments (Cassava Fluid Context)
Natural fluids like cassava extract can create particularly harsh environments for mild steel. Cassava fluid is rich in organic acids and possibly cyanogenic compounds, which lower the pH and introduce aggressive chemical species capable of significantly accelerating corrosion (Onuchukwu, 1995). The acidic conditions, combined with microbial fermentation byproducts, make cassava fluid a strong corrosive medium.
Exposure of mild steel to cassava fluid typically results in rapid material degradation, manifesting as uniform corrosion or localized pitting. Over time, this leads to a significant loss of mechanical integrity, making it crucial to develop effective corrosion protection strategies when using mild steel in cassava-processing industries.
[bookmark: _Hlk202661956]2.2.4	Environmental Factors Influencing Cassava Fluid Corrosivity
· Cassava variety: Different cassava types have varying concentrations of cyanogenic compounds (Cardoso et al., 2005).
· Processing and storage conditions: Prolonged fermentation increases acid production, thereby intensifying corrosive effects.
· Temperature: Higher temperatures during processing or storage accelerate chemical and microbial activities, increasing the corrosion rate.
[bookmark: _Hlk202661990]2.3	Mechanisms of Corrosion Inhibition
Corrosion inhibition refers to the deliberate reduction of the corrosion rate of metals by the addition of certain chemical substances called inhibitors into the corrosive medium. These inhibitors function primarily by interfering with the electrochemical processes responsible for corrosion, offering a means to protect metals like mild steel, especially in aggressive environments such as cassava fluid.
[bookmark: _Hlk202662008]2.3.1	Primary Mechanisms of Corrosion Inhibition:
1. Adsorption on the Metal Surface: A key mechanism through which inhibitors function is by adsorbing onto the metal surface to form a protective film. This film acts as a physical barrier that isolates the metal from corrosive species like hydrogen ions, oxygen, and chloride ions (Bentiss et al., 2000). Adsorption may be physical (physisorption) involving weak van der Waals forces, or chemical (chemisorption) involving the formation of covalent or coordinate bonds between inhibitor molecules and the metal atoms.
2. Blocking of Active Sites: Inhibitors cover the active anodic and/or cathodic sites on the metal surface, thereby reducing the number of available sites where corrosion reactions can occur (Fouda et al., 2009). This process either slows down the metal dissolution (anodic inhibition), the reduction reactions (cathodic inhibition), or both (mixed-type inhibition).
3. Film Formation: Some inhibitors promote the formation of a stable, adherent layer composed of oxide or organic compounds on the metal surface. This layer reduces permeability to aggressive ions and moisture, significantly limiting corrosion (Obot & Obi-Egbedi, 2010).
4. Complexation with Metal Ions: Certain inhibitors can react with metal ions produced during corrosion (such as Fe²⁺) to form insoluble complexes. These complexes may deposit on the metal surface, enhancing the protective barrier (Umoren et al., 2006).
5. Alteration of the Corrosive Environment: Inhibitors may also function by increasing the pH of the surrounding environment or by scavenging dissolved oxygen, thus reducing the aggressiveness of the medium (Schmuki et al., 1993).
[bookmark: _Hlk202662058]2.3.2	Alteration of Environment 
Simple changes in environment may make an appreciable difference in corrosion of metals and should be considered as a means of combating corrosion. Oxygen is an important factor, and its removal or addition may cause marked changes in corrosion. The treatment of boiter feed water, for instance, to remove oxygen greatly reduces the corrosiveness of water on steel. Inter-gas purging and blanketing of many solutions, particularly acidic media, generally minimizing air or oxygen content. Corrosiveness or acid media to stainless alloys, on the other hand, may be reduced by aeration because of the formation of passive oxide films. Reduction in temperature will almost always be beneficial with respect to reducing corrosion. Reduction in velocity and turbulence will generally result in reduced corrosion, an exception being where solids may collect on surfaces and cause pitting. Where PH value can be modified it will generally be beneficial to hold acid level to a minimum. Where acid additions are made in batch processes, it may be beneficial to add them last so as to obtain maximum dilution and minimum acid concentration and exposure time. Alkaline PH values are less critical than acid values with respect to controlling corrosion. Elimination of moisture can and frequently does minimize, if not prevent, corrosion of metals, and this possibility of environmental alteration should always be considered.
[bookmark: _Hlk202662161]2.4	The Active Compound Responsible for Inhibitors
The pervasive issue of corrosion continues to pose significant challenges, particularly in industrial applications involving steel. Consequently, extensive efforts have been made to develop effective methods to mitigate or prevent corrosion. Among these, the use of corrosion inhibitors has proven to be a promising strategy. Organic compounds containing nitrogen, oxygen, or specific functional groups have shown considerable potential as corrosion inhibitors in aqueous environments, especially for metals such as aluminum, iron, and copper (Singh et al., 2021).
Despite the large variety of compounds that have been identified as effective corrosion inhibitors, ongoing research seeks to discover new inhibitors with greater efficiency tailored to specific environments and conditions. The effectiveness of any given inhibitor is largely influenced by its molecular structure and the nature of the corrosive medium. This study will focus specifically on the application of amino acid-based inhibitors.
Amino acids, which are a class of carboxylic acids containing an amine group (–NH₂), are of particular interest. Most naturally occurring amino acids possess the amine group at the α-position relative to the carboxyl group, and their general structure allows for versatile interactions with metallic surfaces. These interactions are critical in inhibiting corrosion processes (Quraishi & Sardar, 2002; Obot & Obi-Egbedi, 2010).
[bookmark: _Hlk202963737]2.5	Structure and Properties of Amino Acids
Amino acids are typically colorless, crystalline compounds that exhibit high solubility in water, with a few exceptions such as aspartic acid, glutamic acid, cystine, and certain aromatic amino acids. These compounds are generally soluble in both dilute acids and alkalis, but tend to be insoluble in most organic solvents. Precipitation from aqueous solutions can occur through the addition of alcohols (Kumar et al., 2019).
The general structure of an amino acid includes a central carbon atom bonded to an amino group (–NH₂), a carboxyl group (–COOH), a hydrogen atom, and a distinctive side chain represented by the R group, which determines the specific properties of each amino acid.
Proteins are constructed from approximately twenty standard amino acids. For the purposes of this study, particular focus will be placed on leucine, alanine, methionine, and glutamic acid, due to their potential applications in corrosion inhibition (Patel & Jauhari, 2011).
Amino acids can be classified into three main categories based on their chemical structure:
1. Aliphatic amino acids,
2. Aromatic amino acids, and
3. Heterocyclic amino acids.
These categories may further be subdivided based on functional group characteristics:
· Neutral: containing one –NH₂ and one –COOH group.
· Acidic: possessing one –NH₂ and two –COOH groups.
· Basic: containing two –NH₂ groups or a –NH₂ group and other basic groups such as guanidino or imidazole, in addition to one –COOH group.
[bookmark: _Hlk202963759]2.6	Selected Amino Acids and Their Structural Characteristics
For the purpose of this research, specific amino acid is selected based on their structural features and potential to act as corrosion inhibitors. The amino acid is neutral Group.
Neutral Group
· Leucine
Structure:	CH₃–CH₂–CH(CH₃)–CH(NH₂)–COOH
Leucine is a branched-chain amino acid that contributes to hydrophobic interactions on metal surfaces, potentially forming protective layers.
· Alanine
Structure:	CH₃–CH(NH₂)–COOH
Alanine is a simple aliphatic amino acid, often considered a reference in corrosion inhibition due to its small size and stable nature.
· Methionine
Structure:	CH₃–S–CH₂–CH₂–CH(NH₂)–COOH
Methionine contains a sulfur group which may enhance its coordination with metal ions, improving its inhibitory effect.
[bookmark: _Hlk202963810] 2.7	Corrosion Control 
The following methods are commonly used to protect metals from corrosion: 
i. Corrosion inhibitors  
ii. Surface coating  
iii. Cathodic protection 
iv. Proper equipment design  
v. Proper material selection  
[bookmark: _Hlk202963847] 2.7.1	Corrosion Inhibitors  
The use of corrosion inhibitors is considered one of the most practical methods for protecting metals and their alloys from corrosion (Hamadi et al., 2018). Inhibitors are chemical substances that, when introduced in small amounts to a corrosive environment, can significantly reduce, slow down, or prevent metal corrosion (Alagbe, 2012; Raja et al., 2014).  
 Types of Inhibitors  
1. Anodic Inhibitors  
   Anodic inhibitors are chemical substances that form a protective oxide film on the metal surface, increasing resistance to corrosion.  
a. Compounds such as Na₂SO₃ (sodium sulfite), Na₂CO₃ (sodium carbonate), and Na₃PO₄ (sodium phosphate) contribute to the formation of an insoluble film of iron silicate or iron oxide through the controlled interaction with Fe²⁺ ions, thereby preventing further oxidation and corrosion. 
b. Passivators (Oxidizing Agents as Anodic Inhibitors) Passivators are oxidizing agents such as chromate inhibitors or nitrite inhibitors (NaNO₂), which react with anodically formed Fe²⁺ to create a passive oxide film on the anodic sites of corrosion cells.  
 Reactions of Passivators  
1. Chromate Reaction:  
   Na2Cr2O7 + 2Fe++ + H2O →Cr2O3 + Fe2O3 + 2NaOH
2. Nitrite Reaction:  
   NaNO2 + 2Fe++ + 2H2O →NH3 + Fe2O3 + NaOH
(Revie and Uhlig, 2008)  


2. Cathodic Inhibitors  
Cathodic inhibitors reduce corrosion by slowing down the reduction reaction rate in the electrochemical corrosion process. They achieve this by blocking cathodic sites through precipitation. Cathodic inhibitors are effective when they significantly slow down the cathodic reaction.  
 Examples of Cathodic Inhibitors  
a. Precipitation Inducing Compounds ZnSO₄, MgSO₄, and Ca(HCO₃)₂. These compounds inhibit cathodic reactions by forming insoluble Zn(OH)₂ or Mg(OH)₂ films. Alternatively, they form CaCO₃ films in the presence of cathodically generated hydroxyl (OH⁻) ions in neutral or alkaline environments.  
 b. Oxygen Scavengers are compounds that react with dissolved oxygen, removing it from neutral or alkaline corrosive environments. Examples include: Sodium sulphite (Na₂SO₃), Hydrazine (N₂H₄) (commonly used in boiler corrosion prevention)  
These compounds are particularly effective in high-temperature environments.  
 Reactions of Oxygen Scavengers  
1. Sodium Sulphite Reaction: Na2SO3 + 1/2O2 →Na2SO4
2. Hydrazine Reaction: N2H4 + O2→N2 + 2H2O
(Revie and Uhlig, 2008)  
c. Cathodic Poisons, certain compounds slow down the cathodic H₂ evolution reaction in acidic environments by preventing the formation of hydrogen gas. These are referred to as cathodic poisons.  Examples of Cathodic Poisons are Arsenic (As₂O₃), Mercury (Hg) salts, Antimony (Sb₂O₃).
Cathodic Poisons are used to prevent hydrogen atoms from forming hydrogen gas, disrupting the corrosion process. They are used advantageously as corrosion inhibitors by stiffening the cathodic reduction processes, ensuring balance with anodic corrosion reactions.  


3. Inorganic Inhibitors  
Certain inorganic compounds, such as As₂O₃ (arsenic trioxide) and Sb₂O₃ (antimony trioxide), function as corrosion inhibitors in acidic environments. These inhibitors protect metals by reducing electropositive ion deposition on the metal surface. They lower the overvoltage of the main corrosion reactions, preventing further degradation.
4. Organic Inhibitors  
Organic inhibitors, often referred to as “film-forming” inhibitors, protect metals by forming a hydrophobic film on their surface. the effectiveness of these inhibitors depends on the Chemical composition of the inhibitor and molecular structure and its affinity for metal surfaces. Because of the adsorption process temperature and pressure in the system influence film formation. Charge on the metal surface also plays a role in effectiveness (Mc-Graw, 2000).  
5. Neutral Inhibitors  
These inhibitors function differently in acidic and neutral solutions.  acidic solution works effectively in acidic environments. In neutral solution the Inhibitors that work in acidic solutions may not be effective in neutral solutions due to differences in reaction mechanisms (Khaled, 2008). Mechanism in Neutral Solutions is the reaction at cathodic sites helps protect surface layers from aggressive corrosion (Mc-Graw, 2000).  
6. Chemical Passivators  
Chemical passivators are substances with high equilibrium potential (redox or electrode potential) and low overpotential, which decreases reaction rates.  They are used to reduce corrosion rate by promoting passivity.  
Examples nitrite are used in antifreeze cooling water as inhibitors, chromates are commonly used in recirculating cooling water. Zinc molybdate: Used as an inhibitor pigment in paints (Ebenso et al., 2010).  
7. Absorption Inhibitors  
They are most widely used class of inhibitors. Generally, organic compounds adsorb onto the metal surface, creating a protective layer. This blanketing effect protects against both cathodic and anodic reactions. However, protection may not be equal for both reactions. They are used in acid pickling of hot-rolled products to remove mill scale. These are known as pickling inhibitors.  
[bookmark: _Hlk202963877] 2.7.2	Surface Coating  
There are two types of surface coatings:  
1. Metallic Coating  
2. Non-Metallic Coating  
1. Metallic Coating
Metallic Coating is a structure that is coated with a layer of another metal, which may be: more noble than the structure (e.g., gold or nickel coating on steel). Less noble than the structure (e.g., zinc coating on steel, known as galvanization).  Considerations when using a more noble metal, ensure the coat is free from cracks to prevent dissimilar metal corrosion cells, which accelerate corrosion.  
Factors to Consider in Selecting a Coating Metal  
1. Resistance to environmental attack (e.g., moisture, chemicals).  
2. Non-porous and continuous coating to prevent corrosion acceleration, especially with a more noble metal.  
3. Hardness of the coating to withstand mechanical wear.  
[bookmark: _Hlk195639741] 2. Non-Metallic Coating  
There are two types of non-Metallic Coating     
a) Inorganic Coating  
Methods of Inorganic Coating:  
Oxidation (Passivation): Steel can be coated with an oxide film through:  
a. Heating at high temperature. 
b. Chemical oxidation: Steel is treated with hot alkaline nitrate, persulfate, or perchlorate.  
c. Anodic oxidation: The steel structure is made anodic in an electric cell to promote oxidation.  
Phosphating: A layer of iron phosphate is applied by dipping steel in a phosphate acid and zinc phosphate solution. Phosphate film is not highly protective but improves adhesion for paint coatings.  
Enamels: Enamels are glossy protective layer applied by dipping metal in powdered glass suspension and heating in a furnace until the glass melts and forms a protective enamel coating.
Cement Coating: It is used inside steel pipelines carrying water or wastewater for protection.  
b) Organic Coating  
Organic coatings, which will likely cover protective coatings like paints, varnishes, and polymers.
Organic Coating Methods  
Paints  
Consists of three main components:  
a) Film-forming substance (e.g., linseed oil or polymer)  
b) Organic solvent  
c) Pigment (organic oxide or metal powder)  
Before applying paint to steel, the surface should be cleaned of oxides using sandblasting or acid pickling. A thin primer layer is applied for better adhesion.  
Lacquers  
Lacquers are made of thermoplastic polymer dissolved in an organic solvent. They used to line steel tanks holding corrosive chemicals like acids.  
Temporary Coating  
It is used for short-term protection during shipping and storage. Coating is done with a layer of lubricating oil, which can be removed with an organic solvent before use.  
[bookmark: _Hlk202963933] 2.7.3	Cathodic Protection  
A technique to reduce corrosion by making the metal surface the cathode of an electrochemical cell. It works by minimizing the difference in potential between the anode and cathode.  

Types of Cathodic Protection Systems:  
a. Galvanic System (Sacrificial Anode Protection): Uses a more reactive metal (sacrificial anode) to corrode instead of the protected metal. Takes advantage of the corrosive potential of different metals.  
b. Impressed Current System: Similar to the galvanic system but instead of a sacrificial anode, an external power source applies current from an anode to the structure.  
Anodic Protection involves coating iron or steel with a less active metal (e.g., tin). Tin does not corrode, so it protects the steel as long as the coating is intact. This method makes steel the anode of an electrochemical cell.  
[bookmark: _Hlk202963906] 2.7.4	Proper Materials Selection  
The right construction materials should have these properties:  
1. High mechanical strength  
2. High corrosion resistance  
3. Low cost  
 Material Selection Process:  
1. Primary Selection  
Based on experience, availability, and practical aspects.  
2. Laboratory Testing  
Materials are re-evaluated under actual process conditions.  
3. Interpretation of Laboratory Results and Other Data  
Consider impurities, extreme temperatures, pressure, agitation, and equipment presence.
4. Economic Comparison of Apparently Suitable Materials
Materials and maintenance cost, probable life, cost of product degradation, and liability to special hazards.  

[bookmark: _Hlk202963987]2.7.5	Proper Equipment Design  
1. Avoid dissimilar metal contact when an electrolyte is present, it can cause galvanic corrosion. If dissimilar metals must be used, separate them with an insulator like plastic or rubber.  
2. Prevent erosion-corrosion (impingement corrosion), use thicker parts in areas with high turbulence or shear stress. Flowing solutions with suspended solids (e.g., elbows, bends, impellers) accelerate corrosion.  
3. Minimize equipment vibration increases oxygen transfer, which speeds up steel corrosion.  
4. Ensure equipment is dry after testing or cleaning, use dry nitrogen (N₂) to remove moisture. Leaving equipment wet for too long can cause serious corrosion.


[bookmark: _Hlk202964025][bookmark: _Hlk199763780][bookmark: _Hlk202774833]CHAPTER THREE
3.0	EXPERIMENTAL PROCEDURE
3.1	Materials
Cyanic acid solution used in this study was extracted directly from cassava tubers. The tubers were initially peeled, thoroughly washed, and mechanically grated. The resulting pulp was sieved and then subjected to hydraulic pressing to obtain the organic acid extract.
The mild steel samples employed for the experiment were sourced from the steel market in Ilorin. Their chemical composition was determined using an emission spectrometer. The results of the analysis are presented in Table 3.1. Each mild steel sample was machined into cylindrical shapes with a length of 40 mm and a diameter of 5 mm using a precision cutting machine. The specimens were then sequentially polished with silicon carbide abrasive papers of grit sizes 220, 320, 400, and 600 to achieve a smooth surface finish. After polishing, the samples were rinsed with distilled water and subsequently air-dried to prepare them for testing.
Table 3.1: Chemical Analysis of the Mild Steel Sample
	S/N
	Element
	Composition (%)

	1
	Carbon (C)
	0.20

	2
	Manganese (Mn)
	0.75

	3
	Silicon (Si)
	0.30

	4
	Sulphur (S)
	0.04

	5
	Phosphorus (P)
	0.05

	6
	Chromium (Cr)
	0.10

	7
	Copper (Cu)
	0.25

	8
	Nickel (Ni)
	0.20

	9
	Lead (Pb)
	0.30

	10
	Nitrogen
	0.25

	11
	Iron (Fe)
	Balance


[bookmark: _Hlk202964067]3.1.1	Weight Loss Test Specimen
Weight loss test specimens were from the samples whose compositions are given above. The original cylindrical rods were cut into short pieces having a cross section of 5mm and a gauge length of ‘40mm and their surfaces were given similar surface finishes using the same grades of emery papers for each sample. The specimens were then kept in soluble oil to prevent oxidation.
	The original cylindrical rod was cut into twenty pieces having a cross section of 8mm. they were then fabricated and cleaned for the test. 
5mm


				40mm

	Fig. 3.1 Weight Loss Specimen
[bookmark: _Hlk202964084]3.2	Corrosion Environments and Inhibitors
[bookmark: _Hlk202964101]3.2.1. 	Environments
(i) Cassava juice was obtained from fresh cassava tubers which were grated and squeezed. 
[bookmark: _Hlk202964118]3.2.2. 	Inhibitors
The inhibitors used were amino acid derivatives:
(i) Leucine (CH₃)₂CH.CH₂CH(NH2)COOH
(ii) Alanine CH, CH(NH2)COOH
(iii) Methionine CH.S. (CH2)2CH(NH2)COOH
These four inhibitors were used at room temperature throughout the period of the experiments.
[bookmark: _Hlk202964145]3.3	Preparation of Weight Loss Setup
For the weight loss tests, the specimens were suspended in the media by means of threads. This was to ensure the specimens were completely immersed in the acid solutions.

Solution
Thread
Specimen
Container






Figure 3.1 Schematic view of the weight loss immersion setup.



[bookmark: _Hlk202964162]3.4 	Calculations
The following calculations were done for the preparation of different concentrations of (i) leucine, (ii) alanine, (iii) methionine
For Leucine
Molecular weight (CH₃)₂ CH. CH.CH (NH)2.COOH = 131.18g of leucine
1.00M leucine solution = 131.18grams/liter of leucine
0.10M leucine solution = 13.118grams/liter
0.10M = 0.656gram/50ml solution
0.05M = 0.328gram/50ml solution
0.20M = 1.312grams/50ml solution
0.30M = 1.968grams/50ml solution
0.40M = 2.624grams/50ml solution
For Alanine
Molecular weight of alanine CH3 . CH (NH). COOH = 89.10g
1.00M alanine solution = 89.10grams/liter of Alanine
0.10M alanine solution = 8.910grams/liter
0.10M = 0.446gram/50ml solution
0.05M = 0.223gram/50ml solution
0.20M = 0.891gram/50ml solution
0.30M = 1.337grams/50ml solution
0.40M = 1.782grams/50ml solution
For Methionine
Molecular weight of methionine
CH3 S. (CH2)2 CH(NH2). COOH = 149.219
1.00M methionine solution = 149.21grams/liter of Methionine
0.10M methionine solution = 14.921grams/liter
0.10M = 0.746mm/50ml solution
0.05M = 0.373gram/50ml solution
0.20M = 1.492grams/50ml solution
0.30M = 2.238grams/50ml solution
0.40M = 12.984grams/50ml solution
[bookmark: _Hlk202964178]3.4	Corrosion Tests
The corrosion tests were carried out in the laboratory using weight loss method, for steel sample specimens immersed in cassava fluids separately with and without corrosion inhibitors to study the extent of corrosion at the surface condition.
The, different environments at which these tests were carried out are:
I. Cassava fluid without inhibitor
II. Solution of five different concentrations of leucine inhibitor in cassava fluids separately,
III. Solution of five different concentrations of alanine inhibitor in cassava fluids separately,
IV. Solution of five different concentrations of methionine inhibitor in cassava fluids separately.
[bookmark: _Hlk202964193]3.5	Exposure Test
Specimens were removed from soluble oil, washed under a running tap water, degreased in benzene and dried. Before weighing, the specimens were left in the desiccator for 2 days to allow the oxide film on the surface reach steady state.
Specimens were weighed in turn and their original weight recorded. Five were then placed in each of the fluids. They were suspended in the solution with the aid of strings hanging from rigid-sticks placed across the top of the containers. This approach was adopted to ensure that all the surface of each specimen was surrounded by the fluid. In order to minimize change in concentration of the fluids arising from evaporation, each container was partly covered. For each container, the specimens were removed after every 2 days and weighed after cleaning off the corrosion products and dried. This process lasted 10 days.
The cleaning of the specimens at the end of each 2days was done by scrubbing under a running tap water using fine emery papers.


[bookmark: _Hlk202964210]CHAPTER FOUR
4.0	RESULTS, OBSERVATION AND DISCUSSION
4.1	Results
	Table 4.1 shows the corrosion rate in cassava fluid without inhibitor.
	Table 4.2a, b, c, d, and e show the weight loss in cassava fluid in the presence of 0.05m, 0.10m, 0.20m, 0.30m and 0.40m concentration of leucine inhibitor.
	Table 4.3a, b, c, d, and e show the weight loss in cassava fluid in the presence 0.05m, 0.10m, 0.20m, 0.30m and 0.40m concentration of alanine inhibitor.
	Table 4.4a, b, c, d and e show the weight loss in cassava fluid in the presence 0.05m, 0.10m, 0.20m, 0.30m and 0.40m concentration of methionine inhibitor.
	Figure 4.1 shows the effect of leucine inhibitor of mild steel corrosion in cassava fluid.
	Figure 4.2 shows the effect alanine of inhibitor of mild steel corrosion in cassava fluid.
	Figure 4.3 show the effect of methionine inhibitor of mild steel corrosion in cassava fluid.
[bookmark: _Hlk202964234]4.2	Observation
The experimental procedures employed weight loss analysis to investigate the corrosion behavior of mild steel in cassava fluid, both in the absence and presence of various concentrations of amino acid inhibitors—specifically leucine, alanine, and methionine. The test specimens were exposed to the cassava fluid for a period of 10 days, with weight measurements taken at 2-day intervals to determine the extent of material degradation.
1. Baseline Observation (Cassava Fluid without Inhibitor): Mild steel specimens exposed to cassava fluid without any inhibitor showed a steady and significant loss in weight over the 10-day period. The corrosion rate (in mpy) was highest in the early exposure days and gradually reduced over time. This reduction is attributed to the formation of corrosion products on the steel surface, which may have partially hindered further metal dissolution.
2. Leucine as Inhibitor: The inclusion of leucine at various molar concentrations (0.05 M to 0.40 M) resulted in a noticeable reduction in corrosion rate compared to the uninhibited system. At lower concentrations (0.05 M and 0.10 M), the inhibition was moderate. The inhibition efficiency increased significantly at concentrations between 0.20 M and 0.30 M. Beyond 0.30 M (i.e., at 0.40 M), the corrosion rate did not decrease appreciably, suggesting a saturation point where additional leucine had no further protective effect.
3. Alanine as Inhibitor: Similar to leucine, alanine inhibited corrosion progressively with increasing concentration. A substantial decrease in corrosion rate was observed between 0.05 M and 0.20 M. However, beyond 0.20 M, the rate of inhibition plateaued, indicating that alanine’s adsorption on the metal surface reached its maximum effective coverage at this point.
4. Methionine as Inhibitor: Methionine displayed behavior similar to leucine: A consistent decrease in corrosion rate was recorded from 0.05 M up to 0.30 M. Beyond 0.30 M (at 0.40 M), the rate of corrosion reduction was minimal, pointing again to a saturation point in the adsorption of the inhibitor on the steel surface.
Table 4.1: Corrosion rate in Cassava Fluid Without Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	17.3562
	17.3243
	0.0319
	29.0272

	4
	17.1923
	17.1322
	0.0601
	27.4807

	6
	16.9033
	16.8220
	0.0813
	24.6615

	8
	17.4520
	17.3640
	0.0880
	20.0599

	10
	16.6254
	16.5316
	0.0938
	17.0713


Table 4.2a: Weight Loss in Cassava Fluid in the Presence of 0.05M Concentration of Leucine Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.6470
	16.6213
	0.0257
	23.3736

	4
	16.7000
	16.6616
	0.0384
	17.4593

	6
	17.1098
	17.0571
	0.0527
	15.9871

	8
	16.5426
	16.4625
	0.0801
	18.2205

	10
	16.6948
	16.6139
	0.0809
	14.6865



Table 4.2b: Weight Loss in Cassava Fluid in the Presence of 0.10M Concentration of Leucine Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	17.2350
	17.2099
	0.0251
	22.8404

	4
	16.4080
	16.3724
	0.0356
	16.2001

	6
	17.0337
	16.9821
	0.0516
	15.6489

	8
	17.2542
	17.1807
	0.0735
	16.7180

	10
	16.9707
	16.8966
	0.0741
	13.4735


Table 4.2c: Weight Loss in Cassava Fluid in the Presence of 0.20M Concentration of Leucine Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.4840
	16.4600
	0.0240
	21.8421

	4
	17.2650
	17.2300
	0.0350
	15.9226

	6
	16.5463
	16.4991
	0.0472
	14.2822

	8
	16.5009
	16.4393
	0.0616
	14.0122

	10
	16.7959
	16.7330
	0.0629
	11.4454


Table 4.2d: Weight Loss in Cassava Fluid in the Presence of 0.30M Concentration of Leucine Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.4251
	16.4044
	0.0207
	18.8385

	4
	16.5578
	16.5268
	0.0310
	14.1057

	6
	16.4291
	16.3880
	0.0411
	12.4674

	8
	16.9341
	16.8839
	0.0502
	11.4173

	10
	16.4922
	16.4405
	0.0517
	9.4043



Table 4.2e: Weight Loss in Cassava Fluid in the Presence of 0.40M Concentration of Leucine Inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.4524
	16.4322
	0.0202
	18.3791

	4
	16.4500
	16.4200
	0.0300
	13.6494

	6
	17.0413
	17.0010
	0.0403
	12.2251

	8
	17.0779
	17.0284
	0.0495
	11.2632

	10
	16.8033
	16.7527
	0.0506
	9.2094


Table 4.3a: Weight Loss in Cassava Fluid in the Presence 0.05M Concentration of Alanine inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.9224 
	16.8975
	0.0248
	22.5717

	4
	16.7619
	16.7229
	0.0390
	17.7420

	6
	16.8523
	16.7989
	0.0534
	16.2002

	8
	17.3310
	17.2500
	0.0810
	18.4220

	10
	17.2236
	17.1404
	0.0832
	15.1395


Table 4.3b: Weight Loss in Cassava Fluid in the Presence of 0.10M Concentration of Alanine inhibitor. Area 2rl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	17.1238
	17.1010
	0.0228
	20.7520

	4
	17.2145
	17.1782
	0.0363
	16.4992

	6
	17.2088
	17.1586
	0.0502
	15.2233

	8
	17.0984
	17.0317
	0.0667
	15.1745

	10
	16.5858
	16.5160
	0.0698
	12.6827




Table 4.3c: Weight Loss in Cassava Fluid in the Presence of 0.20M Concentration of Alanine inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.5561
	16.5378
	0.0183
	16.6375

	4
	17.1736
	17.3477
	0.0259
	11.7963

	6
	17.3902
	17.3500
	0.0402
	12.1929

	8
	16.6504
	16.6022
	0.0482
	10.9654

	10
	17.3149
	17.2659
	0.0490
	8.9196


Table 4.3d: Weight Loss in Cassava Fluid in the Presence of 0.30M Concentration of Alanine inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.8627
	16.8450
	0.0177
	16.0911

	4
	17.3377
	17.3127
	0.0250
	11.3763

	6
	16.8266
	16.7875
	0.0391
	11.8616

	8
	17.3129
	17.2650
	0.0479
	10.8889

	10
	16.9024
	16.8549
	0.0475
	8.6447


Table 4.3e: Weight Loss in Cassava Fluid in the Presence of 0.40M Concentration of Alanine inhibitor. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.7419
	16.7244
	0.0175
	15.9582

	4
	17.1984
	17.1739
	0.0245
	11.1717

	6
	16.6326
	16.5937
	0.0389
	11.8236

	8
	17.0712
	17.0248
	0.0464
	10.5778

	10
	17.2010
	17.1548
	0.0462
	8.4267



Table 4.4a: Weight Loss in Cassava Fluid in the Presence of 0.05M Concentration Inhibitor of Methionine. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.8565
	16.8300
	0.0265
	24.1209

	4
	17.2865
	17.2474
	0.0391
	17.7852

	6
	16.9576
	16.8834
	0.0742
	22.4485

	8
	17.1519
	17.0723
	0.0796
	18.0806

	10
	16.5100
	16.4298
	0.0802
	14.5966


Table 4.4b: Weight Loss in Cassava Fluid in the Presence of 0.10M Concentration Inhibitor of Methionine. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	17.3474
	17.3215
	0.0259
	23.5354

	4
	17.2916
	17.2538
	0.0378
	17.1829

	6
	17.0811
	17.0300
	0.0511
	15.4857

	8
	16.4869
	16.4247
	0.0722
	16.4048

	10
	16.4878
	16.4128
	0.0750
	13.6389


Table 4.4c: Weight Loss in Cassava Fluid in the Presence of 0.20M Concentration Inhibitor of Methionine. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.6221
	16.5969
	0.0252
	22.9777

	4
	16.4615
	16.4250
	0.0365
	16.6447

	6
	17.2271
	17.1773
	0.0498
	15.1376

	8
	17.1931
	17.1300
	0.0631
	14.3867

	10
	16.7105
	16.6465
	0.0640
	11.6729



Table 4.4d: Weight Loss in Cassava Fluid in the Presence of 0.30M Concentration Inhibitor of Methionine. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	17.2808
	17.2575
	0.0233
	21.2477

	4
	16.5244
	16.4943
	0.0301
	13.7239

	6
	16.7904
	16.7462
	0.0442
	13.4354

	8
	17.2635
	17.2111
	0.0524
	11.9433

	10
	17.3900
	17.3368
	0.0532
	9.7023


Table 4.4e: Weight Loss in Cassava Fluid in the Presence of 0.40M Concentration Inhibitor of Methionine. Area = 2πrl = 10.05cm²
	Days of 
Exposure
	Original 
Weight (gm)
	New Weight
(gm)
	Weight
Loss (gm)
	Mils Per Year
(mpy)

	2
	16.6058
	16.5828
	0.0230
	20.9401

	4
	16.7802
	16.7500
	0.0302
	13.7346

	6
	16.6246
	16.5817
	0.0429
	13.0637

	8
	16.6697
	16.6188
	0.0509
	11.5776

	10
	16.7983
	16.7470
	0.0513
	9.3376



Figure 4.1 Effect of Leucine Inhibitor of mild steel corrosion in Cassava fluid 


Figure 4.2 Effect of Alanine Inhibitor of Mild Steel Corrosion in Cassava Fluid 


Figure 4.3 Effect of Methionine Inhibitor of Mild Steel Corrosion in Cassava fluid 
[bookmark: _Hlk202964275]4.3	Discussion of Result
This research has demonstrated that the corrosion of mild steel in cassava fluid—a highly aggressive environment due to the presence of cyanic acid—can be effectively inhibited using amino acid derivatives. Through a systematic weight loss analysis over a 10-day exposure period, it was established that leucine, alanine, and methionine serve as efficient corrosion inhibitors, significantly reducing material degradation compared to uninhibited conditions.
The relationships between corrosion rate in mill per year (mpy) and duration of exposure of mild steel in cassava fluid with different concentrations of inhibitors are shown in Figures 4.1 to 4.3. Figures 4.1 and 4.3 show that leucine and methionine caused a continuous decrease in corrosion rate with increase in their molar concentration over the concentration ranges of 0.05-0.30 M. Beyond 0.30 M concentration, no appreciable decrease in corrosion rate occurred. Figure 4.2 shows that alanine caused a significant occurred. Figure 4.2 shows that alanine caused a significant decrease in corrosion rate with increase in the concentration of the inhibitor in cassava fluid over the range 0.05 to 0.20 Μ. However, above 0.20 M, no significant decrease in corrosion rate was observed. In other words, the effectiveness of the inhibitors varied with their concentrations, while each of them had a peak concentration for optimal inhibition in the cassava fluid.

CHAPTER FIVE
5.0	CONCLUSIONS AND RECOMMENDATION
5.1	Conclusion
The main conclusions drawn from this investigation were:
The corrosion of carbon steel in cassava fluid can be inhibited by the amino acid derivatives alanine, methionine and leucine to varying degrees of molar concentration
Alanine was observed to be ore efficient than leucine and methionine by providing corrosion inhibition at molar concentration of 0.20M, 0.30M and 0.30M respectively.
The Inhibitive power of these inhibitors increased with increase in concentration but there was a peak concentration beyond which inhibition efficiency decreased
The inhibitive power of amino-acid derivative in cassava fluid decreased in the following ranking order: alanine > leucine > and methionine.
5.2	Recommendation
Depending on the specific agro-processing conditions (pH, temperature, fluid composition), the choice of amino acid inhibitor may be optimized. For example, alanine may be preferred in environments requiring quick inhibition at lower concentrations.
Since the amino-acid used are proteinous derivatives, more inhibitors in plant-based extracts should be used in order to a good comparison.
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