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Corrosion: An Electrochemical  Phenomenon


MSc III Sem Ind Chem


Course- Catalysis and Corrosion
Code- ICM-3004



(2)
What is corrosion?


• Corrosion is a natural process
 that converts a refined metal
 to a more chemically-stable
 form, such as its oxide,
 hydroxide, or sulfide.


hydroxide, or sulfide.


• Results in to gradual
 destruction of materials by


chemical and/or


electrochemical reaction
with their environment.



(3)• Isolated pure metal is in highly excited state


• Combined state of metal is low energy state 
 (stable state)


“Any process of destruction or deterioration of metal and consequent 
 loss of metal through unwanted chemical or electrochemical attack 
 of its environment at its surface” 


• It is reverse of extraction of metals


• It is reverse of extraction of metals


• For example:


• Rusting of iron (reddish layer of Fe3O4)


• Corrosion of copper- Green film of basic copper 
carbonate [CuCO3 + Cu(OH)2]



(4)
Contd….


Gravity of Corrosion


“Corrosion is slow process but losses occurred are massive”


•Destruction of machines, equipments, pipelines and other 
 metallic products


•Monetary losses due to high cost of re-fabrication of 
 equipments/pipelines


•Worldwide it is estimated to cause loss of 2-2.5 b$ annually


•Losses that are above monetary value- loss of life, other 
casualties etc.



(5)
Types of corrosion


• Dry Corrosion/Chemical Corrosion


• Wet Corrosion/Electrochemical Corrosion
 Dry Corrosion


Dry Corrosion


• Occurs through direct chemical attack of gases 
 such as oxygen, halogen, H2S etc


• Caused by direct action of oxygen at low or high 
temp on metals in absence of moisture



(6)• Alkali and alkaline earth metals corrode at low 
 temp while at high temp nearly all got 


corroded


2M = Mn+ + 2ne- (loss of electron at anode)


2M = Mn+ + 2ne- (loss of electron at anode)


n/2O2+ 2ne- = nO2- (gain of electron at cathode)


Overall reaction


2M + n/2O2 = 2Mn+ + nO2-



(7)
Dry Corrosion contd….


1. Oxidation Corrosion: Direct action of oxygen 
 at low or high temperatures on metals 


usually in absence of moisture.


• At ordinary temp, metals are slightly 


• At ordinary temp, metals are slightly 


attacked. However, Li, Na, K and Be, Ca and 
 Sr etc undergo rapid corrosion at low temp.


• At high temp almost all metals corrode.



(8)
Mechanism of Oxidation Corrosion


• The corrosion starts at the surface but as soon 
 as the first layer form it starts acting as barrier


Further corrosion depends upon nature of 
oxide layer



(9)
Nature of Oxide Layer


a. Stable Layer: Stable layer is fine grained in 
 structrue and adhere tightly. It is impervious 
 (non-porous) and thus prevents further 


corrosion. 


corrosion. 


Example: Oxide layer of Al, Sn, Pb and Cu etc.


Film< 300 A
Scale> 300 A



(10)b. Unstable Layer: The layer formed, 


decomposes immediately to produce metal 
 and oxygen and thus corrosion is not possible.


Example: Ag, Au and Pt


c. Volatile Layer: The layer volatilizes 
 c. Volatile Layer: The layer volatilizes 


immediately after its formation and thus 


causes rapid corrosion of the metal. Example-
MoO3 



(11)d. Porous Layer: Having pores and thus corrosion of inner 
 layers takes place. Either oxygen gas diffuse inward or 
 metal diffuse outward. Since size of oxygen molecules 
 is large, metal is generally diffuse outwards.


PILING-BEDWORTH RULE


“If the volume of oxide layer is as large as the volume of 
 metal from which it is formed- Layer is protective and 
 non-porous” e.g. Li, K, Na and Mg


non-porous” e.g. Li, K, Na and Mg
 But


“if the volume is less than metal volume then layer is 
porous and non-protective” e.g. Al



(12)
Dry Corrosion contd…..


2. Corrosion by other gases: Gases like SO2, 
 CO2, HCl, Cl2 and F2 etc causes corrosion 
 depending upon their affinity. 


• Degree of attack depends upon nature of 


• Degree of attack depends upon nature of 
 layer.


a. Protective layer/film: AgCl film on surface of 
 Ag in Cl2 environments. The layer forms is 


protective and thus prevent further corrosion.



(13)b. Non-protective layer: In case of Sn metal in Cl2 
 environment, a layer of SnCl4 is formed which is 
 non-protective and porous and cause rapid 


corrosion of metal.


3. Liquid metal corrosion: Due to chemical attack of 
 liquid metal flowing at high temp in a solid pipe 
 3. Liquid metal corrosion: Due to chemical attack of 


liquid metal flowing at high temp in a solid pipe 
 of metal/alloy. Common in nuclear reactors.


Causes- Either dissolution of solid metal by liquid 
flowing metal or interpenetration of liquid metal 
into solid metal



(14)
Wet or Electrochemical Corrosion


• This type of corrosion occurs when
 a. A liquid is in contact with metal


b. When two dissimilar metals or alloys are 
 either fully or partially immersed in a liquid
 either fully or partially immersed in a liquid


• It basically occurs due to the existence of 
 separate ‘anodic’ and ‘cathodic’ areas 


through which current flows.



(15)
Wet Corrosion Contd….


• Anodic areas- Oxidation (liberation of free 


electrons) takes place and metal is destroyed 
 by dissolving or forming stable compounds.


• Hence, corrosion is always occur at anode.


• Hence, corrosion is always occur at anode.


M = Mn+ + ne-


If you want to protect a metal, keep it cathodic.



(16)
Contd…..


• Cathodic areas: Reduction occur (gain of 
 electrons). Dissolved constituents accepts 
 electrons to form ions (OH-, O2-)


• Now, metal ion (at anodic part) and non-
 metallic ions (at cathodic part) combine to 


form corrosion product somewhere between 
anode and cathode.



(17)• Summing Up of Wet corrosion:


a. formation of anodic and cathodic areas in 
 contact with each other


• Presence of conducting medium


• Presence of conducting medium



(18)
Mechanism of Electrochemical  Corrosion


•It involves flow of electron and 
 current between anodic and 
 cathodic part. 


•The anodic reactions involves 


•The anodic reactions involves 
 dissolution of metal 


M = Mn+ + e-


•Cathodic reactions proceeds with 
 evolution of hydrogen gas or 


absorption of oxygen depending 
upon the  nature of environment



(19)A. Evolution of H2 type corrosion: It occurs in 
 acidic environments. 


Fe = Fe2+ + 2e-


At cathode, electrons flow through metal 
 from anode to cathode, and H+ undergo 
 reduction to form H2 gas


2H+ + 2e-= H2


Overall reaction, Fe + 2H+ = Fe2+ + H2



(20)• It results in the displacement of hydrogen gas 
and all metal above hydrogen have tendency 
to do so.



(21)B. Absorption of oxygen: Rusting of iron in neutral aqueous solutions 
 (like NaCl) in presence of atmospheric oxygen resulting in to surface 
 of iron coated by thin layer of iron oxide.


Fe = Fe2+ + 2e-
 Cathode


1/2O2 + H2O + 2e- = 4OH-
 Overall reaction, Fe2+ + OH- = Fe(OH)2


If oxygen is in excess, 4Fe(OH)2 +O2+2H2O = 4Fe(OH)3 [Yellow rust]


If oxygen is limited then black oxide is the product.


Note: An increase O2 produces more OH- and accelerates corrosion. 



(22)
Galvanic Corrosion


• When two dissimilar metals (Zn and Cu) are electrically 


connected and exposed to an electrolyte, the metal in higher 
 electrochemical series undergoes corrosion- Galvanic 


Corrosion


• Zn, being higher in the series undergo corrosion and get 


• Zn, being higher in the series undergo corrosion and get 
dissolved while copper remains protected.
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