




































Corrosion

• It is the degradation of  a material due to a reaction with its 

environment.

OR

• Process of Distruction of the material through chemical or 

electrochemical attack by its environment.

• Slow process

• Measured in weight loss per unit time.• Measured in weight loss per unit time.

Classification:

1. Dry or Chemical Corrosion

2. Wet or Electrochemical corrosion

1.Dry or Chemical Corrosion

- Occurs due to chemical attack of by the environment such as dry 

gas.

- Occurs due to high temperature and without liquid phase.
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• It is of two types:

a) Oxidation corrosion         b) Corrosion by gases

(a)Oxidation Corrosion:

- It is due to direct attack of oxygen on metals.

- Oxygen molecules are attracted to the surface by Vander Wall Force

Mechanism:-

1. When temp increases the metal undergoes  oxidation and losses e-

2M           → 2M+n +   2ne-

Metal IonMetal Ion

2. Electron are gained by the oxygen molecules forms oxide ions

nO2 + 4ne- →   2n O2-

Oxide Ion

3. Scale of metal oxide formed

2M + nO2 →   2M + 2n O2-

Metal Oxide



• Stable Corrosion: -Aluminium, Tin, Lead, Copper

• Non-stable corrosion:- Silver, Gold, Platinum

• Pilling – Bed Worth Ratio

Ratio of volume of oxide formed to the 

volume of metal consumed.

(b)Corrosion by Gases

Carbon di-oxide, Chlorine, Hydrogen Sulphide, Sulphur di-oxide, Flourine 

- Depends on chemical affinity b/w metal and the gas.

2. Wet or Electrochemical Corrosion

• Occurs when aqueous solution or liquid  electrolytes are present

• Wet corrosion takes place in environments where the relative 

humidity exceeds 60 %.

• Wet corrosion is most efficient in waters containing salts, such as 

NaCl (e.g. marine conditions), due to the high conductivity of the 

solution.



Mechanism Of Electrochemical Corrosion

Anodic Reaction: 

Dissolution of metal takes place.

• As result metal ions are formed with the liberation of free electrons.

M    ↔ M+n +   e-

Metal Ion  



Cathodic Reaction

(i) Hydrogen Evolution :- Occurs usually in acidic medium

2H+ + 2e- ↔ H2 (g)

(ii) Oxygen Absorption :- occurs when solution is aerated sufficiently. 

O2+ 4H+ + 4e- ↔ 2H2O  (In acidic medium)

O2+ 4H+ + 4e- ↔ 4OH- (In basic medium)

Forms of Corrosion:

(a) Galvanic Corrosion:- When two different metals are present in (a) Galvanic Corrosion:- When two different metals are present in 

contact with each other in conducting medium e.g. Electrolyte



(b) Concentration Cell  Corrosion:-

• Same as Galvanic corrosion

• Occurs when two different metals are exposed to different air conc.

(c) Pitting Corrosion:-(c) Pitting Corrosion:-

• Formed as a result of pit and cavities

• Localized attack and formed by cracking protective coating



Factors Affecting Corrosion

1. Nature of the Metal       2.   Nature of the environment.

1. Nature of Metal

(i) Position in Galvanic Series:

If two metals are present in in electrolyte, 

the metal with less reduction potential undergoes corrosion.

- Greater the difference faster the corrosion.

(ii) Over Voltage: 

Due to high evolution of hydrogen, the rate is slow.

(iii) Area and Distance:

When anodic metal area is smaller than cathodic

area, rate of corrosion at anode is higher because of demand of 

electron by cathodic area.



(iv) Physical and Mechanical properties of Metal: 

(a) Pure metals are more corrosion resistant.

(b) Smaller grain size metal have high solubility and corrosion.

(c) Uniform distribution of stress on metal reduces rate of corrosion.

(d) Passive metals shows higher corrosion resistance because of 

formation of  protective oxide film on their surface.

(e) Polycrystalline forms are more sensitive.

2. Nature of Environment

(i) Temperature: directly proportional

(ii) Humidity: faster in humid conditions

(iii) pH : If less than 7 rate is high. Al, Zn, Sn, Pb, and Fe are affected by 

both acid and bases.

(iv) Impurities and Suspended Particles:  When these will get dissolved 

in moisture, provides electrolyte for conductivity and hence 

corrosion increases.



Corrosion Control:

1. Selection of metal and alloy: 

- Using pure and noble metals

- Practically not possible because of low strength of pure metal

- Use of metal alloys which are homogeneous

2.    Proper design of metal:

(i) Minimal contact with medium

(ii) Prevention from moisture(ii) Prevention from moisture

(iii) Adequate ventilation and drainage

(iv) Welding

(v) Avoid cervices b/w adjacent parts

(vi) Bend should be smooth

(vii) Bimetallic contacts should be avoided

(viii)Paint cathodic portion 

(ix) Prevent uneven stress



3. Cathodic Protection: 

Force the metal to be protected to behave like cathode.

(i) Sacrificial anodic protection: 

- Metal to be protected from corrosion connected to more anodic 

metal

- Commonly used metals Mg, Zn, Al and their alloys

(ii) Impressed current method:

- Direct current is applied in opposite direction to nullify the 

corrosion currentcorrosion current

- Converts the corroding metal from anode to cathode.
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4. Modifying Environment

(i) Eliminating dissolved oxygen: 

- De-aeration 

- By using chemical substances like sodium sulphite and hydrazine. 

Also called Deactivation.

(ii) Reducing Moisture:

- Dehumidification by using silica gels

(iii) Reducing Acidity:

- Neutralizing the acidic environment by adding lime, NaOH, 

Ammonia

- Commonly used in refineries 

5. Protective coating:

- Application of coating

- Coating material should be chemically inert under particular temp 

and pressure. 



6. Use of corrosion Inhibitor

(i) Anodic Inhibitor:

- These are oxygen and oxidizing agent.

- They combine the anodic metal forming an oxide film which reduce 

corrosion

(ii) Cathodic Protection:

- Organic inhibitors like amines, mercaptans, urea and thiourea

reduces the H ion diffusion by adsorption

- Mercury, arsenic and antimony deposits films at cathodic area 

which raise the hydrogen over volume.

- Eliminating Oxygen from the medium by adding sodium sulphate

and hydrazine.
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Protective Coating

Surface preparation for Coating:

1. Cleaning:

- To prepare for suitable condition

- Removing contaminants to prevent detrimental reaction product

- E.g. de-greasing, sand blasting, vapour degreasing, pickling and 

alkaline cleaning.

2. Solvent Cleaning:

- Must be non-inflammable and nontoxic

- Trichloro trifluoroethane which has low toxicity are costlier

- Vapour de-greasing is economical  and advantageous because of 

continuous cleaning with small quantities of solvent.

3. Electrolyte Pickling:

- Provides better and rapid cleaning by increasing hydrogen evolution 

resulting in agitation and blasting action

- Sand blasting is mechanical cleaning.



4.   Alkaline Cleaning:

- Cheaper and less hazardous

- Used in conjunction with surface active (wetting) agent

- Ability depends on pH, rapidly decreases below 8.5

- Other abilities are rinsability, detergent properties, sequestering, 

wetting etc.

5. Acid Cleaning

- Acid such as HCl, H2SO4, H3PO4 is very effective.

- 5-10% H2SO4 and HCl used to remove inorganic contaminants.

- Pickling are performed at high temp. (60 ̊C)

- Is effective for removal of grease, oil , dirt and rust.



Methods of Application of Metallic Coating

1. Hot Dipping:

- Metal is kept in molten state and base metal is dipped into it.

- Used for producing a coating of low M.P

- E.G. Tinning (Tin coating on Iron)

- Process is followed by cooling the coating through a palm oil to 

prevent oxidation of tin plate to its oxide.

- Palm oil layer is removed by alkaline cleansing agent.

2. Metal Cladding:

- The surface to be protected is sandwiched between two layers of 

the coating metals and pressed between rollers.

- E.g. Alclad Sheeting– Plate of duralumin is sandwiched between 

99.5%pure aluminum 



3.  Electro Plating:

- Pure metal is made as cathode and base metal as anode.

- Electrochemically coat metal is deposited on base metal.

- This metal gives smooth, fine and uniform coating

- It depends on

(i)   Temperature     (ii) Current density     (iii) Electrolyte Concentration

(iv) Nature of base metal       (v) Time

4. Electroless Plating:

- Nobel metal is deposited catalytically on less noble metal by using 

reducing agent without using electrical energy.

- Advantage over Electro plating

(i) More economical since no electricity required

(ii) Irregular shape can be plated uniformly

(iii) Plating on plastics can also be done



5.  Metal Spraying:

- Coating is applied by means of spraying device

- E.g. Aluminum is plated in this way on Aircrafts.

Chemical Conversion Coating

• These are formed on metal surface by chemical reaction b/w metal 

surface and inorganic salt solution

• Coating base metal is converted into one of the resultant protective 

film.film.

• These films are insoluble, adherent, crystalline or amorphous in 

nature.

• Can be done in 3 ways

1. Phosphate coating

2. Chromate coating

3. Anodized coating



1. Phosphate Coating

- Produced by chemical reaction b/w base metal and aq. H3PO4, Zn or 

Fe or Mn Phosphate

- Phosphate coating are applied Iron, Steel, and Zinc

- Film formed on base metal after coating consist of Zn-Fe, Mn-Fe 

Phosphates.

2. Chromate Coating2. Chromate Coating

- Produced by dipping the base metal in Potassium chromate (acidic) 

followed by immersion in neutral chromate bath.

- Resulting film consist of trivalent and hexavalent chromium.

- Used as base for paints, lacquers and enamels.



3.  Anodized Coating

- Formed by anodic oxidation process

- This is produced on non-ferrous metals like Al, Zn, Mg

- In this method base metal is made as anode

- Process is carried out by passing moderate direct current through a 

bath in which the metal is suspended as anode.

- Coating are formed as a result of Progressive oxidation starting at 

surface of base metal.
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