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A passive metal is one that is active in the EMF series but which corrodes nevertheless at a 
very low rate due to formation of very thin, oxidized, and protective films on its surface in 
corrosive solutions ; Fe, Ni, Cr, Al, Ti, Zr, Nb and their alloys.

Definition 1 : A metal is passive if it substantially resists corrosion in a given environment 
resulting from marked anodic polarization.

Definition 2 : A metal is passive if it substantially resists corrosion in a given environment 
despite of a marked thermodynamic tendency to react. Ex) Pb in acid, Mg in H2O

• Farady's Experiment (1840s)

5. 5. Passivity Passivity 
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Epp = primary passive potential
Ic = critical anodic current density
EF = Flade potential
ip = passive current density
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5.1 Relation between Pourbaix diagram and polarization curve of active-passive metal
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5.2 Effects of increasing acid concentration and temperature on passivity.
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5.3 Effects of pH on the polarization curve of Fe and its Pourbaix diagram
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5.4 Polarization behaviors of a passive metal at high anodic potential

• Case 1: Good electronic conducting film : 
Fe, Ni, Fe-Cr, Fe-Cr-Ni alloys’

When: Eapp>EO2/OH- (M), Oxygen evolution 
reaction will occur on the surface of passive 
film. However, the reaction rate will depend 
on the electronic conductivity of the passive 
film since electrons must pass through the 
film to permit the oxygen evolution to occur.

• Case 2: If the metal oxide can be further 
oxidized to a more stable state such as 
Cr3+→Cr6+ + 3e-, or if the metal is susceptible 
to localized corrosion due to local breakdown 
of the passive film → pitting corrosion.

• Case 3 : When passive film is an 
insulatorsuch as valve metal, oxygen 
evolution reaction cannot occur.
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5.5 Theories of Passivation

1) Oxide film theory : The passive film is always a diffusion-barrier layer of reaction products, for example, 
metal oxide or other compound which separates metal from its environment and which slow down the rate 
of reaction.

According to this model, the following processes are driven by the electric field across the film.
• Entry of metal atoms into the film as cations at the metal film interface
• Transport of the metal cations or of oxygen anions through the oxide.
• Dissolution of metal cations from the film at the film/environment interface.

Properties required for protective passive film
• Stability over a wide potential range.
• Mechanical integrity.
• Low ionic conductivity.
• Good electron conductivity to reduce the potential difference across the film.
• Low solubility and slow dissolution in the aqueous medium.

2) Adsorption theory : A chemisorbed layer of oxygen displaces the normally adsorbed H2O molecules and 
slows down the rate of anodic dissolution involving hydration of metal ions. Adsorbed oxygen decreases 
the exchange current density. It is suggested that the uncoupled electrons in the d-shells of transition 
metals accounts for strong formation with oxygen which also contained uncoupled electrons, resulting in 
covalent bonding.

M + (H2O)ads → M(O2- adsorbed anion) + 2H+
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5.6 Corrosion Behavior of Active - Passive Metals

Case 1 :
• Point A → Ecorr & icorr

• High corrosion rate, not good but predictable.
ex) Ti in HCl or H2SO4

Case 2 :
3 points of intersection at B, C, and D.
• point C is unstable.
• point B → high icorr in the active region.
• point D → low icorr = ip in the passive region.
the least desirable case.

ex) Cr in air free H2SO4, Fe in dilute nitric acid.

Case 3 :  
• One stable point E in the passive region.
• The metal will spontaneously be passivated.
• Most desirable system.
ex) stainless steels and Ti in acid solutions containing oxidizers.
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5.7 Effect of oxidizer

• Hysterisis in Figure 10-2 indicates that the amount of oxidizer necessary to cause
passivation is greater than that required to maintain  passivity. To safely maintain 
passivity, oxidizer conc. should be greater than the minimum amount necessary to 
produce spontaneous passivation.
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5.8 Effect of solution velocity

Corrosion of stainless steel in a dilute acid solution such as sea water : The smaller the critical 
anodic current density, the easier a metal will be passivated by an increase in solution velocity.
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1) Galvanostatic polarization curve
Galvanostatic methods are not adequate for 
determining the active - passive behavior ; 
Above ic, ie no longer follows the anodic curve 
in the  passive region, but jumps into into the 
transpassive region and oxygen is evolved 
from the metal surface.

2) Potentiostatic polarization curve
Using a potentiostat, potential is increased 
from Ecorr in the active state in steps with 
current recorded at each step. At potentials 
above Epp, the potentiostatic anodic 
polarization curve exactly follows the passive 
loop of anodic curve.

5.9 Polarization behavior of active-passive alloys

Case 1
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3) Potentiostatic polarization curve for the  
Case 2

4) Potentiostatic polarization curve for the
Case 3

• The anodic curves will be same as that of Case 2. Sometimes, we get a loop in the
cathodic curve depending on the difference between ic and ia .
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