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CORROSION

INTRODUCTION:
The surfaces of almost all metals begin to decay more or less rapidly, when exposed to gaseous atmosphere, water or another reactive liquid medium. As a result of the decay, the metals are converted to their oxides, hydroxides, carbonates, suiphides etc. The process of decay of metal by environmental attack is called corrosion. For example formation of reddish brown layer of rust on the surface of iron and formation of green film of basic carbonate [CuCO3 + Cu(OH)2] on the surface of copper. The corrosion of metals is measured in the units of milli inches/year or mm/year.

CAUSES OF CORROSION:
The basic reason for this attack is most of the metals (except Pt, Au) exist in nature in the form of their minerals or ores, in the stable combined forms as oxides, chlorides, silicates, carbonates, sulphides etc., During extraction of metals these ores are reduced to metallic state by supplying considerable amounts of energy. Hence the isolated pure metals are regarded as excited states than their corresponding ores. So metals have the natural tendency to go back to their combined state (ores! minerals). As a result when the metal is exposed environmental conditions like dry gases, moisture and liquids etc. the metal surface reacts and forms the more stable compounds of metals (thermodynamically stable state) like oxides, carbonates etc., more rapidly. For example iron undergoes corrosion to produce brown coloured hydrated ferric oxide which is nothing but rust on the surface. As a result of corrosion the loss of metal takes place and the process of corrosion is reverse of metal extraction, as shown below.
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EFFECTS OR DISADVANTAGES OF THE CORROSION PROCESS:
1. The valuable metallic properties like conductivity, malleability, ductility etc., are lost due to corrosion.

2. The process of corrosion is very harmful and is responsible for the enormous wastage of metal in the form of its compounds. It is estimated that the amount of iron wasted by corrosion each year is about )/ of its annual world production.

3. Life span of the metallic parts of the machineries is reduced.

4. The failure of the machinery takes place due to lose of useful properties of metals.

5. Losses occurring due to corrosion cannot be measured in terms of the cost of metals alone, but the high cost of fabrication into equipment, machine tool and structures should also be considered. The approximate estimate of loss of metal due to corrosion is 2 to 2.5 billion dollars per annum all over the world. Hence an engineer must understand the mechanism of cor,rosion so that the effects can be minimised by avoiding the corrosion conditions and provide simultaneous protection against corrosion.

TYPES OF CORROSION:
1) DRY (OR) CHEMICAL CORROSION
2) WET (OR) ELECTROCHEMICAL CORROSION.

THEORIES OF CORROSION -

DRY OR CHEMICAL CORROSION

This type of Corrosion occurs mainly through the direct chemical action of environment or atmospheric gases such as oxygen, halogen, hydrogen sulphide, sulphur dioxide, nitrogen or anhydrous inorganic liquid with metal surfaces in immediate proximity. There are three main types of chemical corrosion.

(a) Oxidation corrosion

(b) Corrosion by other gases

(c) Liquid metal corrosion

(a) Oxidation Corrosion : Direct attack of oxygen at high or low temperatures on metals in the absence of moisture is called oxidation corrosion. Generally metals are oxidised to a smaller extent, however alkali metals (Li, Na, K, Rb etc.) and alkaline earth metals (Be, Ca, Sr etc.,) are very rapidly oxidised at lowertemperatures. Except Ag, Auand Pt all metals are oxidised at high temperatures.
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Mechanism of Oxidation Corrosion : The oxidation of the metal occurs at the surface first, resulting the formation of metal oxide scale, which restricts further oxidation.  Further oxidation can continue if the metal diffuses out of the scale or the oxygen must diffuse in through the scale to the underlaying metal. Of the two types of diffusions, the diffusion of the metal is rapid because the size of the metal ion is smaller than oxygen ion, hence higher mobility to metal ion.
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Nature of the metal oxide formed plays an important role in oxidation corrosion. A stable metal oxide layer/film with fine-grained structure, tightly adheres to the metal surface is impermeable to the attacking oxygen. Such film behaves as protective coating in nature, there by shielding the metal from further corrosion. Eg : the oxide film on Al, Sn, Pb Cu,Cr, W etc.
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2. An unstable oxide formed on the metal surface decomposes back into the metal and oxygen. In such cases oxidation corrosion is not possible. 
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For example Ag, Au and Pt do not undergo oxidation corrosion.
3. A volatile oxide layer formed during corrosion evaporates as soon as it is formed, leaving the metal for further attack. This causes rapid and continuous corrosion leading to excessive corrosion to occur. For example molybdinum oxide (MoO ) is volatile.
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4. A porous layer of metal oxide contains pores, cracks etc. provide access to oxygen to reach the underlying surface of the metal. As a result the corrosion process continues to be unobstructed till the entire metal is completely converted to its metal oxide. Alkalimetals and alkalinearimetals(Li, K, Na, Mg) form such type of oxide film. 
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PILLING BEDWORTH RULE:

To express the extent of protection given by the corrosion layer to the underlaying metal, Pilling Bedworth rule was postulated. 
According to Pilling Bedworth rule the smaller the specific volume ratio (volume of metal oxide/volume of metal), the greater is oxidation corrosion, which is explained as follows.

(i) If the volume of the metal oxide layer is at least as great as the volume of the metal from which it is formed is non porus and becomes protective layer by tightly adhering to the base metal from which it is formed. No corrosion occurs as the oxidation of metal reaches to zero. 
For example, the specific volume ratios of W, Cr and Ni are 3.6, 2.0 and 1 .6 respectively. Consequently the rate of corrosion is least in Tungsten (W).

(ii) If the volume of metal oxide is less than the volume of the metal, the oxide layer is porous, non continuous and non-protective and faces strains. Hence cracks and pores are developed in the layer, creating access to atmospheric oxygen to reach the underlaying metal. In this case corrosion is continuous and rapidly increase. For example Li, Na and K.

(b) Corrosion by other gases:
The gases like SO2, C02, Cl2, H2S and F2 etc., also cause chemical corrosion and the extent of the corrosion mainly depends on the reactivity to the gas on the metal surface. The corrosion product is metal compound. The nature of the metal compound determines the corrosion. For example, if the volume of the corrosion film formed is more than the underlaying metal, it strongly adherent, non-porous and does not allow the corrosive gas to reach the underlying metal. Hence it is protective film. For example the attack of Cl2 gas on silver metal produces adherent, non porous AgCl film which is protective. If the corrosion layer has less volume than the metal, then strain is developed on the layer to produce cracks and pits, creating access to the corrosive gases to reach the underlaying metal. Thus the whole metal is gradually destroyed. For example chlorine attacks the metal tin (Sn) forming volatile SnCI4 (which volatilises immediately), leaving fresh metal surface for further attack. H2S gas attack steel in petroleum industry forming a porous FeS layer which further increases the corrosion.

(c) Liquid metal corrosion : The chemical action of a flowing liquid metal at high temperature, on a solid metal or alloy produces liquid metal corrosion. The reason for corrosion is the dissolution of the solid metal by liquid metal or internal penetration of the liquid metal into the solid phase, weakening the solid metal.

WET OR ELECTROCHEMICAL CORROSION:
Wet corrosion or electrochemical corrosion takes place under wet or moist conditions through the formation of short circuited electrochemical cells. Wet corrosion is more common than dry corrosion. Electrochemical involves
1. Cathodic and anodic areas separated by the conducting medium.

2. The oxidation of the metal liberating electrons takes place at anodic areas.

M(M++e-
3. Depending on the nature of the corrosive environment the electrons liberated at

anode are transported to cathodic area through the metal.

4. During the cathodic reaction either H+ or O2 and H20 consumes the electrons generating non metallic ions like 0H- or O2 either by evolution of hydrogen or absorption of oxygen.

5. The diffusion of the metallic (M+) and non metallic (OH- or 02) ions towards each other through conducting medium results the formation of corrosion product in between the anodic and cathodic areas.

Wet corrosion takes by the following ways.

a) Evolution of hydrogen : This type corrosion occurs usually in acidic environments. The rusting of iron takes place in acidic environment in the following way.

In Acidic Medium:
At anode the dissolution (oxidation) of iron to ferrous ion with liberation of

electrons takes place.

Fe —> Fe2+ + 2e- (oxidation)

The 2e- flow from anodic area to cathodic area through the metal where H+ ions of acidic solution are available and eliminated as hydrogen gas.

2H+ + 2e- ( H2 (gas) (reduction)

Thus Fe2+ ions are liberated at anode and H2 gas is liberated at the cathode.

The over all reaction in acidic medium is given by

Fe + 2H+ ----> Fe2+ + H2
In hydrogen evolution type of corrosion, the anodes are usually large and the cathodes are small areas.
In neutral medium:

At the cathode, formation of 0H- takes place along with the liberation of hydrogen

2H20 + 2e- -------> H2(gas) + 2 0H-
The Fe2+ and OH- diffuse towards each other forming the corrosion product rust in between cathodic and anodic areas.

Fe2+ + 2 0H- --------> Fe(OH)2.
(ferrous hydroxide)

If enough oxygen is present ferrous hydroxide is easily oxidised to ferric hydroxide and then to hydrated ferric oxide which is nothing but rust.

4 Fe (OH)2 + O2 + 2H2O --------> 4 Fe (OH)3 

= 2 Fe2O3.3 H20

(Ferric hydroxide) 


(rust)
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(b) Absorption of Oxygen: In presence of neutral, aqueous solution of electrolytes like (NaCI solution), in the presence of atmospheric oxygen and some cracks developed in iron oxide film causes this type of electrochemical corrosion. The surface of iron is always coated with a thin film of iron oxide. If a crack is developed in this iron oxide film, the anodic areas are created on the surface, while the well coated metal parts act as cathode. It follows that the anodic areas are small and the cathodic areas are large.

The following reactions take place taking rusting of iron as an example.

At the anodic areas, the metal oxidises as ferrous ions liberating two electrons which pass through metal to the cathodic area.

Fe —> Fe2+ + 2e- (oxidation)

At the cathode the electrons were accepted by water and oxygen to generate OH- ions by reduction

½ O2 + 2H2O + 2e‑ ------> 2 OH-
The combination of Fe2+ and OH- originated at anode and cathode respectively occurs at cathode, because the mobility of Fe2+ ions, (which are smaller than the 0H‑ ions) is greater than 0H- ions. Corrosion occurs at anode and the rust occurs at cathode.

When the amount of O2 increases, it forces cathodic reaction to produce more 0H- ions thus consuming more electrons by accelerating the corrosion at anode. In turn the rust formation is also accelerated. The presence of oxygen accelerates the corrosion at anodic area and rust formation at cathodic area. 
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The Fe2+ and OH- diffuse towards each other forming the corrosion product rust in between cathodic and anodic areas.

Fe2+ + 2 0H- --------> Fe(OH)2.
(ferrous hydroxide)

If enough oxygen is present ferrous hydroxide is easily oxidised to ferric hydroxide and then to hydrated ferric oxide which is nothing but rust.

4 Fe (OH)2 + O2 + 2H2O --------> 4 Fe (OH)3 

= 2 Fe2O3.3 H20

(Ferric hydroxide) 


(rust)

DIFFERENCES BETWEEN DRY AND WET CORROSION:
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DIFFERENT TYPES OF WET OR ELECTROCHEMICAL CORROSIONS:
A)
GALVANIC CORROSION:
When two dissimilar metals are connected and jointly exposed to the corrosive atmosphere, the metal possessing higher oxidation potential or higher in the electrochemical series becomes anodic and undergoes corrosion. For example when zinc and copper are connected and exposed to corroding environment (containing moisture, which acts as an electrolyte), zinc becomes anodic because of its higher oxidationpotential or higher position in the electrochemical series, zinc undergoes oxidation and corroded whereas copper undergoes reduction and protected as shown below (Fig. 2.9). The electrons released by zinc reaches copper through the metal.
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It is evident that corrosion occurs to metal which is anodic metal while the cathodic metal is protected.

When more than two metals are used in a structure, it is easy to find the more corrosive metal with the help of galvanic series. In an equipment using zinc in contact with iron parts, zinc will be corroded because zinc is anodic to iron. When iron is in contact with copper, iron will undergo corrosion because iron is anodic to copper.


When metals are arranged in the order of their increasing reduction potentials, a series called e.m.f. series arise which also furnish information regarding the nature of metals to behave as anodic or cathodic under suitable conditions. The following are the differences between galvanic series and electrochernical series.

B)
CONCENTRATION CELL CORROSION

This type of corrosion occurs due to electrochemical attack on the metal surface exposed to an electrolyte of varying concentrations or varying aeration.

The concentration cell corrosion may arise due to

1. difference in the concentration of the metal ions or

2. difference in the exposure to air/oxygen (differential aeration corrosion)

3. difference in the temperature or

4. inadequate agitation or

5. different diffusions of metal

Concentration Cell Corrosions: 
1) Differential Aeration 

2) Waterline corrosion

3) Pitting Corrosion
Differential Aeration Method:

Electrochemical attack on the surface of the metal that is exposed to an electrolyte due to difference in aeration or concentration is the conceniraäoi cell corrosion.
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The most common type of concentration cell corrosion is differential aeration corrosion. This is due to the exposure of the different metal parts different air concentration. Feebly oxygenated areas are anodic (deeper part) and richly oxygenated areas are cathodic [superficial that are just below the water line]. This situation may arise due to the improper agitation of the electrolyte (acidic or neutral). This results in difference of potential that causes the flow of electron current between the dissimilar areas of the metal. Metal dissolves at anodic areas and oxygen is absorbed at cathodic areas.

The circuit is closed by the migration of ions, through the electrolyte, and flow of electrons, through the metal, from anode to cathode.

2. Water line corrosion:

Consider an iron rod in stagnant water. The position near the water line is well aerated and therefore acts as cathode. Areas deep inside are anodic, since the oxygen concentration is lesser.
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(iii) Pitting corrosion:
A cavity, pinholes, pits and cracking of the protective film developed on the metal surface creates the formation of small anodic areas in the less oxygenated parts and large cathodic areas in well oxygenated parts. The flow of electrons from anodic part to the cathodic part takes place and the ions move through medium (atmospheric moisture). (fig. 2.13). The corrosion product is formed between cathodic and anodic areas. Cracking of protective film may be due to (1) surface roughness or non uniform stresses (2) scratches or cut edges (3) local strain of metal (4) alternating stresses (5) sliding under load (6) impingement attack (caused by the turbulent flow of a solution over metal (7) chemical attack. 
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C)
UNDERGROUND OR SOIL CORROSION:
Underground corrosion, otherwise called as soil corrosion is due to the corrosiveness of soil depends upon

1. Acidity of the soils, as the acidity of the soil increases, the rate of corrosion

increases.

2. Degree of aeration, as the degree of aeration increases the rate of corrosion increases.

3. Electrical conductivity of the soil increases the corrosion intensity.

4. The moisture and salt content of the soil enhances the corrosion.

5. Soil texture is also responsible for the enhancement of corrosion. According to particle size, soils are classified as

D)
STRESS CORROSION:
Stress corrosion or stress cracking is the combined effect of stratic tensile stresses and the corrosive environment on a metal. It is highly localised attack

occurring when overall corrosion is negligible. The following are the causes for stress

corrosion to occur.

1. Presence of tensile stresses is a main reason for stress corrosion, majorly seen in fabricated articles of alloys like high zinc brasses and Nickel brasses. Heavy working like rolling, drawing or insufficient annealing produces stress in alloys. Pure metals are immune to stress corrosion.
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Localised electrochemical corrosion occurs along the grain boundaries and narrow paths, forming anodic areas and the remaining part of the metal becomes cathodic. The metal undergoes ionisation at the anodic area and the electrons diffuse through the metal to the cathodic area producing the hydroxyl ions. The corrosion product is formed between the anodic and cathodic area. The presence of stress produces high electrode potential on localised zone, finally resulting the formation of crack, which grows and propagates until failure occurs.
FACTORS INFLUENCING CORROSION

The rate and extent of corrosion depends both on the nature of metal as well as the nature of corroding environment. -

(a) Nature of metal:

i)
Position in galvanic series: When two different metals are in electrical contact in presence of an electrolyte, the metal which is top in the galvanic series undergoes corrosion. The rate of corrosion depends iin the difference in their positions.

ii) 
Relative areas of the anodic and cathodic parts: When two dissimilar metals or alloys are in contact, corrosion of the anodic part is directly proportional to the ratio of areas of the cathodic part and the anodic part. Corrosion is more rapid and reverse and highly localized, if the anodic area is small (eg., a small steel pipe fitted in a large copper tank), because the current density at a smaller anodic area is much greater, and the demand for electrons by the large cathodic areas can be met by smaller anodic areas only by undergoing corrosion more rapidly.

iii) 
Purity of metal: Impurities in a metal generally cause “heterogeneity” and form minute electrochemical cells (at the exposed parts) and the anodic part gets corroded. The rate and extend of corrosion increases with increasing exposure and amount of impurities. Consequently, corrosion resistance of a metal may be improved by increasing its purity.

iv) 
Nature of surface film: In aerated atmosphere, practically all metals get covered with a thin surface film of metal oxide. The ratio of volumes of the metal oxide to the metal is called ‘Specific Volume Ratio’. Greater the specific volume ratio, lesser is the oxidation corrosion rate. 

v) 
Passive character of metal: Metals like Al, Tl, Mg,Cr, Ni and Co exhibit much higher corrosion resistance than expected by their positions in Galvanic series. This is due to formation of highly protective, but very thin film of oxide on the metal surface. Thus, corrosion resistance of stainless steel is due to passivating character of chromium present in it.
vi) 
Nature of corrosion products: In electrochemical corrosion, if the corrosion products are soluble in the corroding medium, then corrosion proceeds at a faster rate. If the corrosion product is insoluble in the medium then, it functions as a physical barrier between the metal and the corroding environment thereby suppressing further corrosion.

(b) 
Nature of Corroding Environment:

(i) 
Temperature:

With increase in temperature of environment, the reaction as well as diffusion rate increases. Rate of corrosion generally increases with temperature.

(ii) 
Humidity: With increase in Humidity of environment, Corrosion increases.  Critical humidity is defined as the relative humidity above which the atmospheric corrosion rate of metal increases sharply. The value of critical humidity depends on the physical characteristics of metal as well as nature of corrosion products. The reason why corrosion of a metal becomes faster in humid atmosphere is that gases (C02, 02 etc.) and vapours, present in atmosphere furnish water to the electrolyte, essential for setting up an electrochemical corrosion cell.

(iii) 
Presence of impurities in the atmosphere:

Atmosphere, in the vicinity of industries, contains corrosive gases like C02, H2S, SO2 and fumes of HCI, H2S03 etc. In presence of adjacent to the metal surfaces, increases and its electrical conductivity also increases. This consequently, results in an increase of corrosion current flowing in the local electrochemical cells on the exposed metal surfaces.

(iv)
Presence of suspended particles in atmosphere:

Chemically active particles like NaCI, (NH4)2S04 etc., absorb moisture and become electrolytes and cause corrosion. 
Chemically inactive particles (eg., charcoal, etc.) absorbs oxides of sulphur and moisture and slowly enhance corrosion rate.

(v) 
Influence of pH:

Acidic media (pH < 7) are more corrosive than alkaline and neutral media. However amphoteric metals like Al, Sb, Pb etc., are attacked by both acidic as well as alkaline media.

(vi)
Nature of the ions present:

If anions like silicates are present in the medium, insoluble silicates are formed which will prevent further corrosion. If chloride ions present they destruct the protective layer and further corrosion takes place. Even ammonium ions enhance further corrosion.

CORROSION CONTROL METHODS:
As we have discussed the disadvantages and different mechanisms of corrosion so far, it is essential to know the different corrosion control methods. The following are the important control methods of corrosion.

1. Proper designing

2. Using pure metal

3. Using metal alloys

4. Modifying the environment

5. Cathodic protection

6. Application of protection coatings.

1. PROPER DESIGNING: The design of the metal under corroding atmosphere must be such that corrosion, if occurs is uniform and does not produce intense and localized corrosion. Important principles of proper designing are

(i) 
To avoid the contact of two dissimilar metals in the presence of corroding solution.

(ii) 
When two dissimilar metals are in contact, the anodic metal must possess large surface area, where as cathodic metal must posses smallest surface area so the corrosion takes place is minimum.

(iii) 
If two dissimilar metals are in contact, their position in the electrochemical series must be very close, so that minimum corrosion occurs.

(iv) 
A direct metal to metal contact between two dissimilar metals must be avoided by fixing an insulating fitting in between them, so that the corrosion velocity can be minim ised.

(v) 
The anodic metal should not be painted or coated. When the anodic metal is in contact with the cathodic metal, the anodic metal should not be painted or coated, because any break in the paint would lead to rapid localisation corrosion.
2. USE OF PURE METALS AND ALLOYS: The impurities in metal produces heterogenity, which decreases corrosion resistance by producing electrochemical cells. Thus corrosion resistance of a metal is increased by increasing the purity of metal. The pure metals provide adherent and impermeable protective metal oxide film on the surface of metals when exposed to environment. In presence of alkaline environment both the metal oxide film and metal are attacked. Due to the following reasons it is not possible to produce high chemically pure metal.

(a) 
Cost of production is high.

(b) 
Very pure metal posses inadequate mechanical properties like softness and low strength.

(c) 
Only electrochemical corrosion can be avoided in pure metals not direct chemical attack.

Corrosion in alloys can be avoided by alloying the metals completely in a homogeneous state. Chromium is best suitable metal for iron or steel, because it forms a uniform, resistant film which is self healing.

Thus steel containing is containing 13 to 25% chromium are called “ferrite stainless steels” are used in turbine brackets, heat resisting parts, cutlery, surgical instruments, springs etc.

3.
MODIFYING THE ENVIRONMENT: The corrosive nature of the environment can be reduced by

1. The removal of harmful constituents

2. The addition of specific substances, which neutralise the effect of corrosive constituents of the environment.

The following are some of the methods adopted for corrosion control.

(a) Deaeration: In oxygen concentration type of corrosion removal of oxygen from aqueous environment reduces metal corrosion. The dissolved oxygen is removed by adjustments of temperature along with mechanical agitation. This method is adopted for steel pipelines carrying steam condensates from boilers.

(b) Deactivation The corrosion control adopted by the addition of chemicals, which combine with oxygen in aqueous solution is called deactivation for example sodium suiphite (Na2SO3).

2 Na2SO3 + O2 —> 2 Na2SO4
Hydrazine hydrate is another reagent used for the removal of oxygen present in the aqueous solutions and is more advantageous than sodium sulphite, because it generates N2 and H20 as products.

N2H4 + O2 -------> N2 + 2 H20
(c) Dehumidification: The process of reduction of moisture content of air to such an extent that the amount of water condensed on metal is too small to cause corrosion. For example by keeping alumina and silica gel in closed atmosphere like air conditioning rooms absorb moisture preferably on their surfaces and reduces the corrosion.
4. 
CATHODIC PROTECTION

The method of protection given to a metal by forcibly making it to behave like a cathode is called cathodic protection. There are two types of cathodic protection.

(a) Sacrificial anodic protection

(b) Impressed current cathodic protection

(a) Sacrificial anodic protection : In this method of protection, the metallic structure to  be protected called “base metal” is connected to more anodic metal through a wire. The anodic metal undergoes corrosion slowly, while the base metal is protected. The corroded sacrificial anode block is replaced by a fresh one. The commonly used anodic metals are magnesium, zinc and aluminium and their alloys. The important applications of sacrificial anodic protection are given below.
1. To protect marine structures and ship-hulls, which are made of steel are connected to a sacrificial anode, which undergoes corrosion leaving the base metal protected. 
2. Protection of buried pipelines, underground cables, water tanks, piers etc. are also protected by sacrificial anode method. By referring to electrochemical series, a small piece of the metal, anodic base metal is attached to the metal. The anodic metal undergoes corrosion and it is replaced from time to time.
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(b) Impressed current cathodic protection: 
In this method an impressed current little more than corrosion current is applied in the opposite direction to nullify the corrosion current producing a reverse cell reaction. Thus the anodic corroding metal becomes cathodic and protected from corrosion. The impressed current is taken from a battery or rectified on AC. line. The anode is usually insoluble anode like graphite, high silica iron, scrap iron, stainless steel, or platinum. Usually a sufficient D.C. current is passed on to the insoluble anode kept in a ‘back fill’ composed of coke or gypsum, so as to increase the electrical contact with the surrounding soil.
This type of impressed current cathodic protection is given to (1) open water box coolers (2) water tanks (3) buried water or oil pipeline (4) condensers (5) transmission line towers (6) marine pipes (7) this type of protection is more useful for large structures for long term operations.
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5) METALLIC COATINGS: Metallic coatings are produced by coating one metal on the surface of another metal. The metal which is protected is called base metal and the metal which is coated on the surface of the base metal is called coating metal. Broadly we can classify the metallic coatings into two categories. 
(a) Anodic coatings

(b) Cathodic coatings

(a) Anodic coatings : This type of coatings are produced by coating an anodic coating metal on the surface of base metal. For example coating of Zn, Al and Cd on steel are anodic, because their reduction potentials are lower than that of base metal iron.
If any pores. breaks, or discontinuation in metallic coating, exposing the base metal, a galvanic cell is formed between coating metal and base metal, where the coating metal dissolves anodically and the base metal is protected. Hence no corrosion occurs to the base metal until all the coating method corrodes and disappear from vicinity of the exposed base metal spot. 
[image: image19.png]Corrosive Environment

Anodic Coating . © Exposed Part of Base Metal * ~
co R o (Cathodic) . Anodic Coating
P M — M2+ 2e- i M—>M2'+2e-l‘/‘ s

e 7/
Unexposed Unexposed

Part Part 'l

(Anodic) Base Metal (Anodic)

Fig. 2.22 : Functioning of anodic coating
basemetal is protected, even if it is exposed,
when protective anodic coating breaks




(b) Cathodic coatings: Cathodic coatings are obtained by coating a more noble metal (having higher reduction potential) than the base metal. The coating metal has higher reduction potential than the base metal and protect the base metal due to their higher corrosion resistance than the base metal. For example coating of tin on the surface of iron. Cathodic coatings provide effective protection to the base metal only when the coating is (a) completely continuous and (b) free from pores, breaks, and discontinuities.

When a break pore or discontinuity occurs in the cathodic coating more corrosion

damage is done to the base metal. When the base metal which is anodic to the coating metal is exposed to environment, a galvanic cell is set up and an intense localized attack at the small exposed part occurs resulting severe pitting and perforation in the base metal because of a small anode and large cathode area
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DIFFERENCES BETWEEN ANODIC AND |CATHODIC COATINGS.
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METHODS OF APPLICATION OF METALLIC COATINGS :
HOT DIPPING:
This is used for applying coatings of metals and alloys which have low melting points eg., Zn, Sn, Pb etc., on iron, steel and copper, which have, relatively higher melting points. The metal to be coating is passed through a bath of the molten coating metal, and the thickness of the coating is adjusted by squeezing out the excess of coating metal with rollers. Two most widely applied, hot dipping methods are:

Galvanising: Galvanising is the process of coating iron sheets with thin layer of zinc to prevent it from rusting. The iron or steel article is first cleaned by pickling with dilute sulphuric acic for 15 -20 minutes. This treatment removes any scale, rust and impurities. The article is then washed and dried. It is then dipped in molten zinc maintained at 425 — 430°C.
The surface of the bath is kept covered with flux (NH4C1) to prevent oxide formation. The article is then passed through a pair of hot rollers to remove any superfluous (excess) of Zinc. The article is coated with a thin, uniform film of Zinc. Galvanised iron is used in automobile underbody parts, roofing sheet, pipe fittings, lamp posts, nails etc.

(b) Tinning: Tinning is the process of coating iron or steel articles with thin layer of Tin. The process consists in first treating steel article with dilute H2S04, to remove any oxide film. It is then passed through a bath of Zinc Chloride flux. The flux helps the molten metal to adhere to the metal sheet. The sheet is then passed through a tank of molten tin and finally through a series of rollers from underneath the surface of palm oil. The palm oil protects the hot tin coating surface against oxidation. The sheet passes through a layer of flux into the molten tin and then emerges between pairs of rollers from a layer of palm oil.
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DIFFERENCES BETWEEN GALVANISATION AND TINNING:
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1. | The process of coating Zn on the surface | The process of coating tin (Sn) on the
of iron or steel is called galvanisation. surface of iron or steel is called tinning.

2. | Zinc is anodic to the base metal iron or | Tin is cathodic to the base metal iron
steel. or steel.

Zinc protects iron ‘sacrificially’ Tin protects iron due to its ‘noble nature’.

4. | Since zinc is more electropositive Since tin is less electropositive than
than iron, it does not permit iron to iron, it protects the iron till the coating
pass into the outside solution in is perfect.
otherwords corrosion does not occur
toiron.

5. | Any break in the protective zinc Any break in the protective layer of tin,
layer “does not cause corrosion” cause "severe corrosion” to base metal,
to base metal iron, because iron is iron because iron is anodic to tin.
cathodic to zinc.

6. | Galvanised containers cannot be Tin coated containers are used for
used for storing food stuffs, because storing food materials because tin
zinc reacts with the acids that praduces non toxic protective layer
are present in the food materials on the surface of metal and avoids
and produces toxic compounds. any food poisoning.

7. | After galvanisation, the galvanised sheet | No annealing process
is subjected to annealing process.

8. | Galvanised articles are good Tinned articles are used majorly in

engineering materials.

food processing industries.





2. METAL CLADDING : 
In this process a dense, homogeneous layer of coating metal is bonded (cladded) firmly and permanently to the base metal on one or both sides. The metal cladded is ciadded is called cladding metal. The choice of cladding metals depends on the corrosion resistance required for any particular environment.

The corrosion resistant metals like Nickel, Copper, Lead, Silver, Platinum etc. and alloys like stainless steel, nickel alloys, copper alloys, lead alloys are used as cladding materials. The common base metals cladded are mild steel, aluminium, copper, nickel and their alloys. A 99.5% pure aluminium is subjected to cladding to protect duraluminium to produce ‘alclad’, which is widely used in air craft industry.

The process of metal cladding is a kind of ‘metal sandwiching” where the base metal is arranged with protecting metal on either side like sandwich and passed through rollers under the action of heat and pressure (fig. 2.26). In this method the cladding metal is bonded/attached firmly to the base metal.

Applications : This method is widely adopted in aircraft industry and automobile industry.
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3. ELECTROPLATING OR ELECTRODEPOSITION: 
The process of depositing the coating metal on the surface of base metal/non metal by electrolysis is called electroplating.

The base metals are inferior or anodic to the coating metal (or alloy) and electrolyte is the solution containing the metal ions to be deposited on the base metal. The base metal is made cathode and the coating metal is made anode or an inert material of good electrical conductivity is also used as an anode. A direct current (D.C.) is passed through the electrolytic solution, If anode is made of graphite, the electrolytic salt is added continuously to maintain the proper coating metal ion concentration in the electrolyte bath.
The article to be electroplated is subjected to solvent cleaning by trichlorethylene to remove oil, greases etc. Then it is subjected to acid pickling with dil.HCI or dii. H2 SO4 to remove any scales, oxides etc. The cleaned article is made cathode of the electrolytic cell and the anode can be made of the pure coating metal or graphite. The electrodes were dipped in the salt solution of the coating metal, which acts as an electrolyte. When direct current is passed, the coating metal ions migrate to the cathode and deposit on the base metal article in the form of a thin layer. For brighter and smooth deposits, conditions like low temperatures, medium current density, low metal ion concentrationare used.
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ORGANIC COATINGS – PAINTS:
Organic coatings are paints, varnishes, lacquers and enamels applied on metallic surfaces and other materials for both corrosion protection and decoration. Paints is a mechanical dispersion of pigment(s) in a vehicle [vehicle = drying oil + thinner] are stable mechanical mixtures of one or more pigments. The main function of the pigment is to impart the designed colour and to protect the film from the penetrating radiations like UV rays. The pigments and the extenders are suspended in drying oils called vehicle.

The vehicle or the drying oil is the film forming materials to which other imgredients are added in various amounts. The protective value of such coatings depends on its (i) Chemical inertness to corrosive environment (ii) Its good surface adhesion (iii) its impermeability to water, salts and gases, as well as (iv) proper application method.

When a paint is applied to a metal surface, the thinner evaporates, while the drying oil slowly oxidizes forming a dry pigmented film.
Requirement of a good paint:

A good paint possesses the following characteristics.

1. Pigment should be opaque to ensure good covering power.

2. It should be chemically inert to secure stability and hence long life.

3. It should form a quite tough, uniform, adherent, impervious film.

4. It should not get cracked on drying.

5. It should have good washability and anticorrosive property.

6. The formed film should be weather resistant.

7. The paint should have a good colour and hiding power.

8. It can be prepared in such a consistency as to be easily applicable with brush dipping, spraying or roller coating.

9. It should possess good adhesion capacity to the material over which it is intended to be used.

CONSTITUENTS OF PAINTS:
1. Pigments: Pigments are various inorganic or organic substances which are widely used in surface coatings. The important properties of pigments are opacity, good covering power, good mixing ability with oil, chemical inertness, non-toxicity, high hiding power high tinting strength and reasonable

cost. Its function are

(i) To protect the film by reflecting the destructive UV light

(ii) Provides capacity to the paint

(iii) Gives pleasing look to the paint film

(iv) Provide resistance to paint film against abrasion

(v) Improves impermeabiltiy of the paint film to moisture

(vi) Increases weather resistance of the film.

Various pigments used for paints are:

 (i) White-white lead, titanium dioxide, zinc oxide, hthophone etc.

(ii) Red-Red lead, Iron oxide, cadmium reds etc.

(iii) Blue-Ultramarine, cobalt blues etc.

(iv) Green-Chromium oxide, chrome green etc.

2. Drying oil or Vehicle: The vehicle or film forming material, serve as a dual purpose is the surface coating formulations. They act as carriers for the pigments and also forms the protective film. Hence reactive oils containing some degree of olefinic unsaturation are used as vehicles or film forming materials. These are usually called drying oils, and non drying oils depending on the degree of unsaturation. The most widely used drying oils are linseed oil, soyabean oil and dehydrated castor oil.

Non drying oils contain only saturated fatty acid esters. They do not dry at all even on long exposure to air. eg. Mustard oil, Sun flower oil etc.

Functions:

Main film forming constituents, Vehicle or medium, Toughness, Adhesion, Durability and Water proofing

3.Thinners:

Another ingredient known as thinner is also added to the paint in order to dissolve the film forming material so that it can be easily handled and applied. It is also used to suspend pigments. It increases the penetration power of the vehicle. It also helps in drying of the paint film by evaporating.

4. Dryers:

Dryers are oxygen carriers used in the paint in order to accelerate the drying of the film by oxidation and polymerization. The drying oils mechanism involves a peroxide intermediate and the dryer acts as a catalyst and promotes the oxidation polymerization process. The modem dryers are Co, Mn, Pb, Zn, resinoleate, linoleates etc., Too rapid drying is not desirable because of some unwanted effects eg., the film suffers from wrinkling.
5. Fillers or Extenders:

Fillers or Extenders are added to the paint in order to increase the cost of paint and to supplement the pigment in increasing the covering and weathering power of the film. Thus, extenders impi ie-Gonsistency, levelling and setting of paint, eg., Talc, China clay, Gypsum, Silica, Glass flakes, Asbestos etc.

6. Plasticizers:

Plasticizers provide elasticity to the film and thus prevent cracking of the paint. Plasticizers are low melting solids or liquids of low volatility. Chemically they are mostly esters, triphenyl phosphate, dibutyl phthalate and castor oil.

7. Anti Skinning Agent:

Anti Skinning Agent prevent the gelling and skinning of the finished product before

application of paint by brushing spraying or dipping. Polyhydroxy phenols are usually employed as antiskinning agents.

8. Binders:

Binders act to fix the paint on the coated surface and provide tough, tenacious and glossy film on the surface being painted eg.. Cellulose resins, Silicone resins etc.

9. Other Compounds:

Water based paints also required dispersing agents (eg. Casein) antifoam agents (eg. Pine oil) and preservative (eg. Chloro phenol).
References: VGS Publications, Hi-Tech Publishers.
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