
EN380 Workshop #1 (Part I) Solution
Pourbaix Diagrams

Use the Pourbaix Diagrams to answer the following questions. Each partner should complete the workshop

and both sets will be submitted. I will grade the copy placed on top.

1. [2pts] Zirconium is the principle element used in an alloy to clad fuel rods (pins) in a civilian nuclear re-

actor. With the reactor shut down and depressurized
(
25◦C, P = 1 atm,

[
ZrO2+

]
=

[
HZrO−

3

]
= 10−6 M

)
,

over what range of pH does Zirconium form a passive oxide layer?

3.6 < pH < 12.8

2. [2 pts] What is the favored phase for Cu at a potential of +1 V in an acidic solution with very low

concentration of
[
Cu2+

]
?

Cu2+

3. [2 pts] Under what conditions will Titanium dissolve into solution?

Acidic to highly acidic conditions (pH < 6.5) and potentials between −1.2 V and −1.8 V .

4. [2 pts] A mild steel structure is actively corroding on the shoreline of the (heavily polluted and

disappearing) Aral Sea
(
pH = 6.3,

[
Fe2+

]
= 10−3

)
. The surface potential is measured to be +0.2 V

(wow!). How much must the potential be lowered to arrest corrosion?

Surface potential must be lowered by ≈ 0.71 V .

5. [2 pts] What stands out as a unique feature of the Pourbaix diagram for Tantalum?

Tantalum does not appear to have any corrosive states in the region of the Pourbaix diagram: it passes

directly from inert to passivated condition.
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EN380 Workshop #1 (Part II) Solution
Polarization Diagrams

1. [4 pts] For the polarization diagram below:

(a) [2 pts] Estimate ECORR and ICORR. Label these on the diagram.

ECORR = 0.52 V ref SHE ICORR = 1× 10−1.3 A = 5.012× 10−2 A

(b) [1 pt] If electrical insullation were added between the cathode and the anode, how would this

effect ICORR and the surface potential at each electrode? Show this qualitatively on the figure.

R ↑⇒ ICORR ↓⇒ electrodes become less polarized

ECATH ↑ EANODE ↓

(c) [1 pt] Is this reaction anodically or cathodically controlled? How can you tell?

Anodically controlled (slope of the polarization curve for the anode is more steep).
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2. [2 pts] The figure below depicts a (different) corrosion reaction with heavy concentration polarization.

If flow over the cathodic area were to increase, how will this effect ECORR and ICORR? Show this

qualitatively on the figure.
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3. [4 pts] The following polarization data are taken from two materials. Material A has a surface area of

36 ft2 and material B has a suface area of 150 ft2.

Material E [V ref sat. Calomel] i
[

A
cm2

]
A -0.45 7.47× 10−9

A -0.39 9.27× 10−8

A -0.35 4.78× 10−7

A -0.26 1.20× 10−5

B 0.27 1.44× 10−9

B 0.155 5.74× 10−9

B -0.03 6.46× 10−8

B -0.30 1.94× 10−6

(a) [2 pts] Use suitable software (Excel, Matlab, etc.) to plot the polarization data on a single semi-

log (E [V ] vs. log10{I [A]}) plot showing both materials in a corrosion circuit. Each partner may

submit a copy of the same plot.

We are asked to plot I [A] from i [ A
cm2 ] data so we must multiply through each material current

density by the area of each electrode to obtain the current, I for our semi-log plot.

(b) [1 pt] Estimate ECORR and ICORR.

ECORR = −0.280 V ref Sat. Calomel ICORR = 0.210 A

(c) [1 pt] Is this reaction Cathodically or Anodically Controlled?

Cathodically controlled (Steeper Slope)
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