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CHAPTER 4 
 

POLARIZATION 
 
4.1 Activation and Concentration Polarization 
4.2 Scaling of Corrosion Measurements 
4.3 Determination of Corrosion Current for Single Metals 
4.4 Mixed Potential Theory 
4.5 Alternate construction of Polarization Diagrams 
 
Previously, our consideration of potentials has dealt with equilibrium considerations when no 
current actually existed between the cathode and the anode.  When a net current to or from an 
electrode exists, the electrode is no longer in equilibrium and the measured potential is altered.  
The alteration being such as to oppose the current.  The extent of the potential change caused by 
the current is known as polarization.  Such change is caused by various physical and chemical 
factors at the electrodes. 
 
Polarization may be defined the shift in electrode potential which results from the effects of current 
flow w.r.t. the zero current flow potential.  All corrosion reactions involve current flow and will 
alter the potential of the metal surfaces involved.  The degree of polarization will be determined 
by the resistance of the corrosion cell.  The higher the cell resistance, the larger the shift in 
potential. 
 

V IR  
 
Anodic and cathodic polarization can be measured using the cell illustrated below 

 
Laboratory Polarization Cell 

 
As the current is allowed to develop through the variable resistor, the potential difference between 
the two metals will decrease as illustrated in the graph below.  This decrease in potential difference 
is due to the polarization of the two electrodes.  Note that the potential is plotted on a linear scale 
while the current is plotted on a logarithmic scale, plotted on semi-log paper.  This causes the data 
to plot approximately as straight lines. 
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Polarization Graph for Iron-Copper Corrosion 

 
At II in the figure above, the polarization of the cathode (copper) and the anode (iron) is as indicated 
and the potential difference (ΔV) between the two is reduced from its open-circuit value (VCu - 
VFe).  Finally, when the resistor is completely shorted out of the circuit, Icor is the maximum 
corrosion current and Vcor is the corresponding voltage.  Note that the potential difference will not 
be zero even when the resistor is shorted since there is internal resistance in the electrolyte. 
 
When the potential change caused by current (polarization) occurs mostly at the anode, the 
corrosion is said to be anodically controlled.  When polarization occurs mostly at the cathode, it is 
said to be cathodically controlled.  These conditions are illustrated in the figure below. 
 

 
System Corroding under (a) anodic and (b) cathodic control 

 
4.1 Activation and Concentration Polarization 
 
There are two different types of polarization, that is, two ways that electrochemical reactions of 
corrosion are retarded.  These are referred to as activation and concentration polarizations. 
 
Activation polarization is used to indicate retarding factors inherent in the reaction itself.  Thus, 
for example, with a metal corroding in acid, a finite time is required to form hydrogen gas at the 
cathode regions even when an ample supply of electrons exist. 
 



EN380 Naval Materials Science and Engineering Course Notes, U.S. Naval Academy 
 

4 - 3 

In contrast, concentration polarization refers to the retardation of an electrochemical reaction of 
corrosion resulting from concentration changes in the solution next to the metal surface.  A good 
example is provided by the cathode region of a metal corroding in seawater, that is, 
 

O2 + 2H2O + 4e-  4(OH)- 
 
which is known as the hydroxyl reaction.  Because of its low solubility in seawater, the amount of 
oxygen in contact with the cathode areas is small and readily consumed by the reaction.  For the 
reaction to continue, additional oxygen must therefore diffuse to these areas.  The diffusion of 
oxygen is a relatively slow process and accordingly gives rise to concentration polarization of the 
cathode. 
 
With metals corroding in seawater, the main retarding effect on the corrosion is generally the 
concentration polarization resulting from the slow diffusion of oxygen to the cathode areas.  The 
"bottleneck" in the corrosion process is therefore the cathode reaction, and any situation which 
would increase the rate of the oxygen diffusion would increase the rate of corrosion.  Thus, for 
example, water flowing past a steel pipe is more corrosive than still water because of the increased 
oxygen supply.  Conversely, de-oxygenated water is far less corrosive than ordinary.  This is the 
prime reason that steam plant feedwater and reactor coolant water is "deaerated" prior to use.
 
Because corrosion of metals in seawater is cathodically controlled, the relative size of the anode 
and cathode has an important effect on the corrosion.  The larger the cathode, relative to the anode, 
the faster the corrosion since more surface area on the cathode is in contact with the seawater and 
thus in contact with the oxygen.  In seawater, small steel (or iron) rivets in a large copper plate 
would fail quickly by accelerated corrosion.  If the reverse was used, ie steel plates riveted  together 
with copper rivets, the corrosion would be greatly reduced.  These effects can be illustrated by a 
polarization diagram. 

 
Effect of Area on Polarization 

 
With the larger cathode area, A2 the polarization (potential change caused by current) of the 
cathode is reduced and the corrosion current is increased, thereby accelerating the corrosion of the 
anode.  These polarization diagrams may also be plotted as a function of current density, below: 
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Polarization diagram [from Jones (1996)]. 

 
 
4.2 Scaling of Corrosion Measurements 
 
We may use laboratory scale polarization cells such as illustrated earlier to determine the corrosion 
current for two small metal samples.  Under appropriate conditions (such as flow of the electrolyte 
or bio fouling), we may then scale this measurement to predict the corrosion current for the same 
metals when attached to a full scale field set-up. 
 
The procedure is based on the fact that the corrosion current per unit of (wetted) anode area is a 
function of the types of metals, the ratio of the area of anode to cathode, and the type and condition 
of the electrolyte.  Thus, we have 

I
AA

 = F(
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AC

,electrolyte,metals)  

 
Now, if we fix all the dependent variables in this equation, the independent, I/AA, will be fixed. 
Thus, if we keep the same anode and cathode metals, duplicate the electrolyte, and require 
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Example:  We wish to find the corrosion current existing in a field (ocean) structure when 50 ft2 
of steel (anode) is attached to 25 ft2 of copper (cathode).  Laboratory data for a steel bar of 5 in2 
and a copper bar of 2.5 in2 give  corrosion current (in seawater) of 5 ma (5 x10-3 amps).   
 
Solution: First, since the ratio of anode to cathode area is equal to 2, we can directly scale the lab 
data. 
 
Therefore, 

(
AA
AC

)LAB=2,(
AA
AC

)FIELD=2  

 
(I)LAB

(AA)LAB
=

(I)FIELD
(AA)FIELD

 

 

(I)FIELD=
(AA)FIELD

(AA)LAB
(I)LAB  or  IFIELD=

50 x 144
5  x (5 x 10_3)= 7.2 amps 

 
Thus, so long as the conditions of the seawater in the lab approximate these in the ocean, the 
expected current in the field is 7.2 amps. 
 
 
4.3 Determination of Corrosion Current for Single Metals 
 
When two metals are in electrical contact in an electrolyte such as seawater, we can determine the 
corrosion current and potential using the polarization cell illustrated in Figure 8.  When a single 
bar or object is placed in seawater, however, the anodes and cathodes will be located at small, 
continually changing areas of the bar.  As discussed earlier, an indirect method for determining 
the corrosion current and potential must be used.  Consider the set-up shown below consisting of 
a specimen.   

 
Cell for study of polarization of a single metal 

 
If the specimen is attached to the negative side of the power supply, electrons will be drawn from 
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the auxiliary electrode and supplied to it.  Thus the specimen will be made to act as a cathode even 
if it is naturally anodic to the auxiliary electrode.  Similarly, if the specimen is attached to the 
positive side of the power supply, it can be made to act as an anode, with electrons being drawn 
from it and supplied to the auxiliary, regardless of its natural tendency toward the auxiliary 
electrode. 
 
Using this cell, we thus first make the specimen act as an anode and determine current and potential 
data for a number of power supply settings.  Next we repeat the process when the specimen is 
made to act as a cathode.  On dividing the current measurements by the specimen area in contact 
with the seawater, we obtain current density measurements which are independent of the particular 
size of the specimen used in the test. In this way we can then construct the polarization diagram 
shown below. 

 
Polarization Diagram for a Single Specimen in Seawater 

 
When the potential approaches the corrosion potential Vcor, certain areas of the specimen will act 
as anodes and cathodes regardless of the polarity setting of the power supply.  Thus, the 
polarization curve will no longer reflect total anodic or cathodic behavior, as indicated by the 
portion of the curves in the figure above near Vcor. 
 
By extrapolating the pure anodic and cathodic curves, we can estimate the corrosion potential and 
the corresponding net corrosion current density existing for the specimen.  With the corrosion 
current density known we can then calculate the corrosion current for a given surface area in 
contact with the seawater simply as the product of the current density and the wetted area. 
 
Example:  Listed below are potential - current density  polarization data for a metal A in seawater.  
Use this data to determine the corrosion current existing for 20 ft2 of metal A in contact with 
seawater. 
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Metal A 
Pot (v)          i (ma/in2)            Pot (v)           i (ma/in2) 
-0.70  0.100  -0.52  0.087 
-0.74  0.158  -0.40  0.110 
-0.80  0.251  -0.32  0.138 
-0.85  0.400  -0.20  0.190 
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Solution:  The data is plotted as shown with log10(i) as the horizontal axis.  The corrosion current 
density is read as log10(i) = -1.22 or i - 0.06.  The corrosion current for the 20 ft2 area is I = 0.06 
x 20 x 144 = 173 ma. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.4 Mixed Potential Theory 
 
Polarization diagrams such as shown above “Polarization Diagram for a Single Specimen in 
Seawater“, if determined for two dissimilar metals, can be used to estimate the corrosion current 
and mixed corrosion potential when the two are connected together in a galvanic cell.  The method 
is based on the requirement that the magnitude of the current must be the same for the anode and 
the cathode.  Thus, the current densities in the polarization diagrams for each metal must be 
converted into actual currents for the given area of metal in contact with the electrolyte (the product 
of the current density and respective areas).  When plotted together, the intersection of the two 
polarization (potential vs current) curves will indicate where the current is the same for both 
metals, and thus, the corrosion current. This method is illustrated in the figure below.  In this figure, 
the corrosion current Icor and mixed potential Vcor are determined as shown.  For the two metals, it 
is also seen that metal B acts as the anode and metal A as the cathode. 
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Example: Listed below are potential-current density data for metals A and B in seawater. 
 

Metal A                    Metal B 
 
Pot (v)          i (ma/in2)                   Pot (v)               i (ma/in2) 
-0.66  0.075        -0.54  0.300 
-0.74  0.090        -0.70  0.215 
-0.86  0.120        -0.86  0.150 
 
Use this data to estimate the corrosion current existing for 20 ft2 of metal A in contact with 12 ft2 
of metal B in a Galvanic cell. 
 
Solution:  The current densities of A are multiplied by the area, 20 x 144 = 2880 in2, to get the 
total current.  Potential vs log10(I) is then plotted as indicated.  Similarly, the current densities of  
B is multiplied by its area, 12 x 144 = 1728 in2 and its potential-current relationship plotted.  B is 
seen to act as the anode and metal A as the cathode.  The corrosion current is read from the 
intersection of the two lines as log10(I) = 2.47, or I = 295 ma. 

 
 
 
Example:  Polarization diagrams for two metal specimens A and B are shown below.  Using these, 
determine the corrosion current (in amps) for a submerged structure having 45 ft2 of metal A in 
contact with 90 ft2 of metal B. 
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Solution:  This diagram is for 20 in2 of metal B in contact with 10 in2 of metal A.  Since the ratio 
of these areas (20/10 = 2) is the same as that of interest (90/45 = 2), we may find the corrosion 
current by directly scaling the value found from the data.  The corrosion current from the data is 
 I = 1.9 ma.  Hence since the ratio of I/AA is the same for the lab and the field under the conditions 
of direct scaling, 

(I)LAB
(AA)LAB

=
(I)OCEAN

(AA)OCEAN
 or (I)OCEAN = ILAB

(AA)OCEAN
(AA)LAB

 

 
we have 

I = 1.9 x 45 x 144/10 = 1231 ma (1.23 amps) 
 
 
4.5 Alternate construction of Polarization Diagrams 

 
The polarization diagrams discussed above refer to the case where the anode reaction is that of a 
metal changing to its ion and the release of electrons, and the cathode reaction is that typical  of 
seawater where the electrons are used to make hydroxyl ions, as indicated the figure “Polarization 
Diagram for a Single Specimen in Seawater” a few pages back.  An alternate diagram may be 
determined for which the anode reaction is still the formation of the metal ion, but the cathode 
reaction is the plating out of the ion from an ion-rich solution. (Such as in an acid bath).  The 
measurement thus involved is an experimental polarization cell, except that the seawater is 
replaced with an electrolyte rich in the metal ion.  The figure below illustrates the polarization 
diagram obtained by this procedure. 
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Polarization diagram for case where cathode reaction is the plating out of the metal ion. 

 
An interesting interpretation of this diagram is that the intersection of the anode and cathode curves 
gives, not the corrosion current, but instead the equilibrium exchange current where as many ions 
are going into solution as are coming out.  If we superimpose on the polarization diagram of Fig. 
15, the corresponding diagram for the reaction  O2 + H2O + e-  OH-   we then have the diagram 
shown below. 

 
Superimposed Polarization Diagrams for metal/seawater reaction 

 
 
The solid line in the figure above is seen to correspond to the polarization diagram shown earlier.  
The intersection represents the corrosion potential Vcor and the free corrosion current density icor 
of the metal in seawater.  This alternate method for polarization diagrams is thus seen to be one-
step more detailed than that of our earlier discussion. 
 


