[bookmark: _Hlk202528974][bookmark: _Hlk202664769]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.
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