The numbered lists represent the animation mouse-clicks on each slide.
The notes highlight the benefits and uniqueness OLI brings.
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Start with a metal surface and bulk fluid with a hypothetical boundary layer between. The
bulk aqueous phase is the source of the reactive species. Even for pure water, there is
approx. 1e-7 moles per liter of H+ (hydrogen ions or protons) in the water that can be
reduced and get the corrosion process started.
1. H+ diffuses to the metal surface
2. Fe gives up 2 e- (electrons). This is an anodic process (oxidation)
3. The H+ at the surface picks up the 2 e- and reduces to H2 gas. This is a cathodic process
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4. H+ diffuses to the bulk fluid
5. Fe+2 also diffuses to the bulk fluid.
6. Now we start over again with elemental iron Fe at the surface.
7. H2O is of course present in the bulk and at the surface. It will be the species that is
reduced this time.
8. Fe once again gives up 2 e- (electrons). This is the anodic process (oxidation).
9. The water (H2O) takes the electrons and forms H2
10. which diffuses to the bulk fluid.
11. Also OH- is formed and diffuses to the surface.
12. And of course Fe+2 again diffuses to the bulk fluid.
13 Each of these electron transfer processes are called half reactions or partial processes,
13.
processes
such as Fe Î Fe+2 + 2e- . The equilibrium potential for these reactions is a function of
the activities of all of the species (the Nernst equation). THIS is the OLI advantage (or
one part of it anyway). OLI’s thermo and Databank allow the reliable prediction of
the activities for real solutions even for complex mixtures and high concentrations.

2

The corrosion process rate is determined and limited by the diffusion of species to
and from the bulk fluid and the metal surface.
1. E.g. when H+ reduction is the cathodic process, H+ in the bulk fluid is
relatively high in concentration and goes down to low concentrations at the
surface.
2. Fe+2 is formed at the surface so its concentration is high there, and drops off as
we get to the bulk fluid.
3. Similarly for the H2 gas that is higher concentration at the surface where it is
formed, and drops off as we get to the bulk fluid.
4. Now we see the analogous thing when water (H2O) reduction is the cathodic
process. Similarly, Fe+2 is high at the surface, and drops off as we get to the
bulk fluid.
5 Similarly as before the H2 gas is higher concentration at the surface and drops
5.
off as we get to the bulk fluid.
6. Also similarly for the hydroxide ion OH- that is higher concentration at the
surface where it is formed, and drops off as we get to the bulk fluid.

3

Other important cathodic processes are carbonic acid and oxygen reduction (carbonic acid being
formed by the dissolution and hydration of CO2 in H2O).
1. First CO2 dissolves
2. and hydrates to form carbonic acid (H2CO3)
3. which diffuses to the surface.
4. Fe gives up 2 e- (anodic process)
5. H2CO3 takes the 2 ee- and forms H2 gas (cathodic process)
6. which diffuses to the surface
7. Also bicarbonate ion (HCO3-) is formed and diffuse to the surface
8. And of course the Fe+2 (ferrous) ion formed diffuses to the bulk fluid.
9. Similarly oxygen dissolves
10. Water is present of course
11. O2 diffuses to the surface
12. Fe again gives up 2 e- (anodic process)
13. The O2:H2O takes the 2 e- and forms OH- hydroxide ions (cathodic process)
14. And the OH- diffuses to the bulk
15. As does the Fe+2
That in a nutshell is the corrosion process. OLI’s models are mechanistically based. These
models are made possible only because of OLI’s thermodynamics framework and
Databank which allows accurate prediction of the activities of all of the species for
real, complex solutions.

4

Hide this slide because it is repetitive.
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The prediction of corrosion rates starts by addressing the 2 aspects of corrosion
“kinetics”
1. Chemical kinetics
2. Mass transfer
The slide is self-explanatory.
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Activation controlled reactions refers to the chemical/complexation reactions that
take place at the surface.
“i” is always current density which is current per unit area.
Without going into detail on these equations, note that the equations are well known
andd established.
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reactions are taking place, and what are the activities in the system. This of
course is solved by OLI’s thermodynamics capability.
Note there are two types of quantities here (besides constants):
1. Coefficients and parameters that are regressed from experimental data. These
include the Electrochemical transfer coefficient α , i*, and the reaction orders.
2. Computed quantities. These include the activities and the E0 (which is
computed by the Nernst equation based on the activities). Of course this all
rests on OLI’s framework and Databank of regressed parameters.
So one can see that this part is all based on a solid theoretical underpinning on and
rests on real regressed data.

7

This is self-explanatory. Shows how we begin to build up a theoretical polarization
curve.
The animation is the anodic process first (oxidation of Fe Î Fe+2 + 2e-), then the
cathodic (reduction of H+ to H2).
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Next we include the effects of mass transfer by accounting for the diffusion of the
species, in this case for the cathodic process 2H+ + 2e- Î H2.
The current is limited by diffusion, so the line does not continue to extend to the
right, but comes to a “limiting current density”
The mass transfer
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diffusivity and viscosity, which are calculated by OLI unique transport properties
models, and are based on regressed experimental data.
Please note that the current can also be limited by homogeneous reactions in the
bulk fluid phase. An example of a process limited by a homogeneous reaction is CO2
reduction:
d ti

Homogeneous reaction:
CO2,aq + H2O = H2CO3,aq
(We don’t want to go into the details of how to calculate the limiting current density).

9

Another key part of the OLI model is the ability to account for the presence of
scales at the surface of the metal which can act as a barrier to diffusion, and
therefore have the effect of reducing the corrosion current (or rate). OLI’s model
calculates a “fraction surface coverage,” and adjusts the anodic or cathodic process
appropriately. Slides later will illustrate this effect. We will not discuss the details
of this model here, but it is described in detail in several available OLI publications.
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As the potential is increased, the surface of the metal “passivates” as a result of the
formation of oxide passive films on the surface of the metal. It is critical to be able
to reliably predict this behavior, for both the prediction of general corrosion and
pitting. This will be illustrated in curves later.

11

They can be measured in different ways:
Galvanostatically - make a current sweep and measure the potential (this is
what you referred to)
Potentiostatically - fix the potential, get a current reading after it stabilizes
Potentiodynamically - make a potential sweep at a certain fixed rate and
record current density
density.
This slide is just to find “common ground” with corrosion people who already
know about polarization curves. You can consider skipping this slide.
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Self-explanatory. After reading the slide, one mouse-click starts animation.
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This is just an intro to the curves.
Our goal here is to de-mystify the polarization curves so you can get some useful
insights from them.

14

These curves are all for carbon steel in various aqueous solutions at different
conditions. The next few slides are at 30 C.
This shows the cathodic processes:
Reduction of protons (H+ ions)
Reduction of water
1. Shows the equation for the straight part of the curves.
2. Shows the limiting current density

15

Shows the anodic process Fe Î Fe+2 + 2e- (blue line)
This slide is the active dissolution part of the curve.
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This shows the active-passive transition, passive region, and passive current density.
1. Mouse-click starts animation

17

Add oxidation of water (yellow)

18

Add up all of the currents for a given potential and create the total curve (in
magenta)
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Increasing the temperatures shifts the reduction of H+ (red) and water (green)
curves to the right and up, increases the limiting current density as would be
expected intuitively because the diffusion is “faster”
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The anodic process at the 2 temperatures.
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Together we see the corrosion rates at the 2 temperatures.
Note the corrosion rate increases with temperature for this system. Over this
temperature range.
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Putting it altogether at 2 temperatures looks complicated, but now that you know
how to look at the various pieces, it need not be confusing.
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Now at 30 C again. The next slide shows the effect of the addition of NaCl. Toggle
back and forth between this slide and the next slide to show the effect.

24

The biggest effect is the large shift in passive current density
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Hide
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Hide
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Hide
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Hide
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Hide
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Hide

31

Now look at the effect of pH. This slide shows the cathodic processes that were
shown back on the first set of slides (H+ and H2O reduction).

32

At pH = 0, the H+ concentration is greatly increased, and so the red H+ curve is
shifted up and right a huge amount.
Note: If somebody asks you about the apparent s-shaped change in the cathodic
line at E around 0, it is because of the potential-dependent adsorption of
chloride ions.
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This slide shows the anodic and cathodic processes that were shown back on the
first set of slides (pH = 7). The next slide shows pH = 0 also. Toggle back and forth
to see the effect of pH.
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The corrosion current (rate) is orders of magnitude greater. The corrosion potential
is also higher.
Also note that the dominant cathodic process at pH = 7 is water reduction (green
line). And there is an active-passive transition to a passive region.
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Here are the entire polarization curves at pH 0 and 7.
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Now we will look at the effect of a powerful oxidizing agent, oxygen. This is the
curve we saw with NaCl (no O2 added yet) and at 30 C.
The next slide shows the effect of oxygen addition. Toggle back and forth to the
next slide to show the effect of the oxygen addition.

37

The blue line is the reduction of oxygen. The corrosion current increases
significantly with the addition of another cathodic process, the reduction of oxygen.
The diffusion of oxygen limits the current density (note the blue line turns down
vertical). Notice the oxygen reduction line crosses the iron oxidation anodic line on
the vertical section of the oxygen reduction line. Therefore the corrosion rate for
these conditions is limited by the oxygen diffusion. This suggests that at other
conditions where the diffusion rate is increased, e.g. for pipe flow or complete
agitation conditions
conditions, the corrosion rate could be much greater still.
still

38

Now we show the same chemistry, however with complete agitation. Toggle back
to the previous slide to show this.
Notice that the H+ and oxygen reduction lines now do not show a diffusion limited
current. The effect of agitation on corrosion rate with oxygen is significant.
Without oxygen, the agitation has little or no effect on the corrosion rate because the
dominant cathodic process, water reduction, is not affected by the agitation because
it is not diffusion limited.
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Now we want to show the effect of another cathodic process resulting from the
addition of CO2. Here is the case we showed before, before we add the CO2.
Toggle up to the next slide to show the effect of the addition of the CO2.
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Note first the anodic processes are not affected significantly in the important range
of the curves.
Next note that the H+ reduction (red) line shifts significantly up and to the right as
H+ is generated when CO2 is hydrated. But this is not the dominant cathodic
process.
The dominant process is carbonic acid reduction to bicarbonate (turquoise line).
[The carbonic acid is a good electron acceptor (or oxidizing agent, I.e. it reduces
readily), resulting in a high corrosion current (rate).]

[Note mixing would have some but
relatively smaller effect]
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The next four slides show the effect of temperature with and without CO2.
First 30C without CO2
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Then 65C without CO2. Toggle back to show effect.
The corrosion rate is 3.5 times greater at the higher temperature (remember this is a
log scale!).

43

Now the effect of temperature with CO2. Toggle to next slide to show the effect.
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The key cathodic process, carbonic acid reduction in turquoise, shifts to the right,
and so the corrosion current increases. Note that the carbonic acid cathodic line
crosses the Fe oxidation (anodic) line just as the carbonic acid line starts to turn
down. This suggests that the diffusion limitation for this set of conditions may not
be very significant, and increasing the agitation may not increase the corrosion rate
significantly. This can be readily checked by running another CorrosionAnalyzer
case.

45

Nothing new, just at 65C instead of 30C. Hide slide
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Finally the effect of the scale. At 130 C the effect of iron carbonate scale can be
very significant. In fact the iron carbonate scale can be protective because it serves
to reduce the duffusion rate of the species at the surface of the metal.
This curve is the normal expected situation including the effect of the scale.
T l to
Toggle
t the
th nextt slide
lid to
t see the
th result
lt without
ith t the
th effect
ff t off the
th scale.
l

47

Notice without the scale, the carbonic acid reduction line is shifted well to the right
and up, resulting in a much higher corrosion current (rate).
[Note the anodic process does not seem to be affected. Andre believes this is not
correct, and that both the anodic and cathodic processes should be affected by the
scale. Andre is checking this out with Doug.]
Congratulations, you are now an expert in polarization curves.
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