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CORROSION

Mecanism:
–Corrosion is the material attack by electrochemical reaction in the 

ambiant environment.

–It passes metal in solution and forms oxides of the same metal.

Consequencies:
–Leaks by: loss of material, deposits generating local overheating 

then breaking etc …
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CORROSION - EXAMPLES

Example : coal boiler tube
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CORROSION - EXAMPLES

Example : CCG boiler tube
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CORROSION - EXAMPLES
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Example : Boiler tube leakage
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GENERALIZED CORROSION

General case :  Iron generalized corrosion in water

Iron test tube in water without  oxygen

Iron Oxidation Fe  Fe2+ + 2 e-

Hydrogen Reduction from water 2H+ + 2 e-
 H2

Global reaction Fe + 2H2O  Fe2+(OH-)2 + H2
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CORROSION – OXYGEN IMPACT

Oxygen influence 

Remedy: 

 Decrease [O2] to the lowest level

 To find the least oxidizing aqueous medium possible In the pH scale of 

iron less corrosion. 

 To constitute an oxide stable and adherent layer for isolating between 

metal and water: metal PASSIVATION 

Magnetite passive layer (Fe3O4)

3Fe + 4H2O  Fe3O4 + 4H2 (at high temperature )
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CORROSION – OXYGEN IMPACT
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Oxygen influence 

In practice: Aqueous medium never totally free of O2 which has Higher 

electrochemical potential 
Protective layer formed:

- Of magnetite Fe3O4 -

- Hematite Fe2O3 (more porous and less adherent)

To control O2 dissolved  in water-steam circuit (low value): 

- Add a reducing compound as hydrazine N2H4

- Lowering the electrochemical potential of the medium

- Promote the Fe3O4 form
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GALVANIC CORROSION

Galvanic corrosion between 2 metals

• Generalized corrosion Cu/NH3 = ion complexes t°C Cu2+

 Vaporisation in boiler (GV)  deposits forming Cu2+)  heating surfaces 

of carbon steel  create electrochemical potential   electrochemical 

corrosion

Chemical balance Fe + Cu2+
 Fe2+ + Cu

- Fe Corrosion in boiler tubes

- Cu deposits on heating surfaces (fouling)
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GALVANIC CORROSION

Galvanic corrosion between 2 metals

The first process aggravated by impurities concentrated in the boiler (ex : 

Na+Cl-)

• Na+ migrates to cathode of cupper

2Na+ + 2 H2O + 2 e-
 2Na+OH- + H2

 Cl- migrates to anode + of Iron

Fe + 2 Cl- Fe2+(Cl-)2 + 2e- (Oxidized iron)
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GALVANIC CORROSION

Galvanic corrosion between 2 metals: example
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GENERALIZED CORROSION - Cu

Cupper generalized corrosion

In the case of the water-steam circuit, copper + ammonia form complexes

Cu(NH3)2
+ ou Cu(NH3)4

2+,

The presence of oxygen therefore aggravates the corrosion of 

copper in an ammoniacal medium; for this reason it is important:

To maintain the oxygen concentration at the lowest possible level

Not to operate at too high a pH (limit the concentration of ammonia). 
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GENERALIZED CORROSION - Cu

Cupper generalized corrosion : example
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LOCAL CORROSION - ELECTROCHEMICAL

CORROSION

Corrosion by differential aeration

Oxygen + gas diffusion phenomena in a liquid => localized corrosion
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LOCAL CORROSION - ELECTROCHEMICAL

CORROSION

Corrosion by differential aeration: example
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LOCAL CORROSION – CHEMICAL CORROSION

Alkaline or caustic corrosion

High concentrations of sequestering alkalinity near heating surfaces.

 Case of demineralised water contaminated by soda (Na+OH-).

 Case of contamination by auxiliary circuit ; production of soda free.

(Na+)3PO4
3- +  H2O    (Na+)2HPO4

2- +  Na+OH-
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LOCAL CORROSION – CHEMICAL CORROSION

Alkaline or caustic corrosion: example of auxiliary boiler tube
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LOCAL CORROSION – CHEMICAL CORROSION

Raw water inlet

River water (fresh water)

Water rich in bicarbonates of calcium and magnesium. These salts decompose

under the effect of the boiler temperature :

Ca2+(HCO3
-)2  Ca2+(OH-)2 +  2CO2

Mg2+(HCO3
-)2  Mg(OH)2 +  2CO2

Mg(OH)2) et (Ca(OH)2) precipitate on the surface of dirt boiler screens tubes 

risk of creep  corrosion under deposition 

The soluble fraction of lime => moderate increase in pH in boiler water.
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LOCAL CORROSION – CHEMICAL CORROSION

Corrosion under deposition: example of boiler tube
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LOCAL CORROSION – CHEMICAL CORROSION

Raw water inlets

Hydrogen weakening 
The corrosion of iron in an aqueous medium produces a release of 

hydrogen

 Reaction with carbon, methane production which induces a 

decohesion of the metal at the grain boundaries.

 Degradation of the mechanical properties, in particular the 

tensile strength (the impact resistance is not modified)
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LOCAL CORROSION – CHEMICAL CORROSION

Hydrogen weakening : example of boiler tube
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