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Equilibrium and Steady State

Equilibrium

Consider a half-cell reaction

ex.) M2+ + 2e = M

The equilibrium potential is expressed by the Nernst equation.

Steady state

Two half-cell reactions are coupled.

ex.) M2+ + 2e ← M

2 H+ + 2e → H2
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Equilibrium and Steady State

Equilibrium potentials of the two reactions

The corrosion of M occurs when the emf of the coupled 
reaction is positive ( G is negative).

Potential-pH diagrams are helpful to judge thermodynamically 
whether a corrosion reaction of interest occurs or not.

Steady state

Potential-pH diagram (Pourbaix diagram)

Potential-pH diagram gives information 
whether the corrosion thermodynamically occurs or not.

To understand the corrosion quantitatively, evaluation by stationary 
polarization is necessary.
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Electrochemical measurements

Measurement for corrosion potential

When the contamination of Cl– is not allowed, a double-junction type
reference electrode or a reference electrode without Cl– should be used.

(ex. Hg|Hg2SO4 in an acidic solution and Hg|HgO in an alkaline solution)

Electrochemical measurements

Measurement for stationary polarization
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Stationary polarization curves

The current density for the oxidation of M is equal to that for the 
reduction of H+ to H2 at the potential denoted as Ecorr.

Ecorr is the corrosion potential, while icorr is the corrosion current density. 

Effect of iRsol-drop in solution on corrosion rate

The iRsol-drop in the test solution must be considered to discuss 
corrosion behavior quantitatively.

The overpotential for the oxidation of M decreases when the 
conductivity of the test solution is not high.
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Effect of mass-transfer on corrosion rate

In corrosion reactions, the reduction reaction can be 
the oxygen reduction to water.

M2+ + 2e = M

O2 +  2H2O  +  4e = 4OH–

C
on

ce
nt

ra
ti

on
, c

Distance, x

cx = 0

c°

Diffusion layer Convection layer

Slope:
c° – cx = 0



The concentration of dissolved oxygen is low.

The oxygen reduction takes place under
diffusion-limited condition.
(expressed by the Cottrel equation)

Effect of mass-transfer on corrosion rate

Ecorr is determined as the potential where the oxidation of 
M and the reduction of oxygen is balanced each other.

Since the current density of oxygen reduction reaches 
its maximum, icorr is equal to that of oxygen reduction.
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Galvanic corrosion

What is galvanic corrosion?

Galvanic corrosion

The oxidation reactions (dissolution) of M and M’

The oxidation of the metals occurs when the applied potential is 
more positive than the equilibrium potentials (Butler-Volmer equation).
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Galvanic corrosion

The reduction reactions (H2 evolution) on M and M’

Since the exchange current density for the H2 evolution depends on 
metal used as an electrode, two different curves are plotted from   . 

s on 
m   .

Galvanic corrosion

Corrosion potentials without electric contact

Without electric contact, the corrosion occurs on each metal 
even when M and M’ are immersed in a common solution.
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Galvanic corrosion

Corrosion potentials with both electric and ionic contact

The corrosion potential           is determined by 
both the total current density of oxidation and that of reduction. 

          

Galvanic corrosion

Sacrificial protection

The sacrificial protection of M is expected since the overpotential for 
the M oxidation decreases when M and M’ in both electric and ionic contacts.
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