MSE 112
Mid-Term EXAM, SPRING 2006
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The use of books or notes during the Exam is NOT permitted.

ALL WORK IS TO BE DONE IN THIS BOOKLET. YOU MAY USE THE BACKS

OF PAGES

All voltages are measured with respect to SHE.
Logs are in base 10.
1 Joule = 1 voltecoulomb = 0.239 calorie

R=gas constant = 1.9872 cal/(mole°K)
F= Faraday’s Constant = 96,500 coulombs/equivalent
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1. (a.) In an aqueous solution of 0.1M Na,SO, (pH = 8, T=25°C), at what value of the
dissolved oxygen concentration will the thermodynamic driving force for
corrosion of iron be the same as in an oxygen-free solution of 0.1M Na,SO, (pH
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(b) Explain why at steady-state, the partial pressure of hydrogen gas is one atmosphere
on the surface of iron immersed in an oxygen-free aqueous solution at 25°C.
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2. Waste from a plastics’ manufacturing plant is being stored in a galvanized steel
container, which is corroding on its inside surface. The rate of corrosion is too high
for the vessel to meet its 10-year lifetime. As an initial remedial action, the waste
solution was de-oxygenated, which significantly lowered the vessel’s corrosion rate.
The corrosion rate in deoxygenated waste, which consists of 0.1M HCI, is still too
high and needs to be lowered by 50%.

The slopes of the anodic and cathodic polarization curves of zinc in oxygen-free 0.1M
HCl at 25°C are +10 decades/volt and —10 decades/volt, respectively. The corrosion
potential of zinc is -600 mV vs SHE and the corrosion rate of zinc is 10 mA/cm®. By
how much should the pH of the solution be increased in order to decrease the
corrosion rate by 50%?

d&- O&kﬁ%mi:_rj G.'M el Htl ,‘3,'-—'-,,|¢a H‘L

Mg[ = fo M“_J = -0 A‘P{- = %aﬂ’ﬁf Eﬂﬁ’{
Doy (an) = ~0.6V o F g0l
2

Acore (20) = 10whfoi D = 0.0512 Log 0. ( 00592y ] 13
'[“31“’"' log do = = (A — o)
Una do = i%ﬁi* 0 ("U-é.kD.D"ﬂij

o 1o = - 4408

: Z;: E,_Gil.x_ntl'gmﬁ&j NS
[y, O T o
o= ’D’Fu,_ - [“{J 'F

= (__I:BB_ZLC: -/0

233K T
b-p _
0.0572
I-p =052 =2 f=048 +2
5.Lilxl55="1_)(1§£0.|__lu'qox
3 xot =D 7
New (ase lant b5 deouse: coveson nate 'a"é 50%

a{mfr, newd = Srﬂﬁ/ﬁr\"‘:—







3. The sketch (on the next page) shows an electrochemical cell in which the anodic and
cathodic polarization curves of iron were measured in air-free 0.1M H,SO,. The
second sketch shows the polarization curves.

+72 (a). On the sketch of the polarization curves, label the corrosion potential and indicate
the approximate corrosion rate of iron immersed in air-free 0.1M H,SO,.
~ (b) Identify the reaction whose approximate rate is given at point A.
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(c) Identify the reaction whose approximate rate is given at point B.
Fo — Fetts e

(d) State all of the oxidation and reduction reactions that take place on the surface of
iron at potential A¢,. What reaction is occurring at the highest rate?
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(e) Indicate on the sketch the direction of electron flow in the external circuit
connecting iron and platinum when the potential of iron is A¢,.
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(f) State all of the oxidation and reduction reactions that take place on the surface of
platinum when the potential of iron is A¢,. What reaction on platinum is occurring at
the highest rate?
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4. The Pourbaix diagram for iron at 25°C is presented on page 10. In this problem,
ignore the “short-dashed” lines, i.e., the lines that are labeled as N” (where N is a
number, i.e., ignore lines such as 2°, 3", 4°, 5°, etc.).

Solid phases are written in boldface, e.g., Fe, and Fe(OH),. All other species are

soluble in water.

(a) Write down the reaction whose equilibrium potential as a function of pH is given
by the “long-dashed” line “a”.
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(b) Write down the reaction whose equilibrium potential as a function of pH is given
by line “long-dashed” line “b”.
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(c) Identify the reaction whose equilibrium potential as a function of pH is described
by the 4 parallel lines labeled “23”. Note: the same reaction describes each of the
four lines. The highest of the four lines is labeled “0" and describes the
equilibrium potential for the case in which the soluble species has a concentration
of 10° moles/liter. The lowest of the four lines is labeled “-6” and this line
describes the equilibrium potential for the case in which the soluble species has a
concentration of 10 moles/liter.
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(d) With a pencil/pen trace the entire Pourbaix Diagram of iron for the case in which
all water-soluble species of iron have a concentration of 10 moles/liter.
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(e) Identify the reactions whose equilibrium potentials as functions of pH are
described by the following lines: ‘187, 287, “20”, “16”, “12", *19", 24", and
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An alkaline solution (pH=14) is used for refining ore at Homestake Mining’s gold
mine, which is located close to Clearwater, CA. After refining of the ore, the
alkaline solution is stored in a large, carbon steel (approximately, unalloyed iron)
vessel. When a new batch of ore is processed, the stored alkaline solution is
reused. Under the operating conditions described above, the carbon steel vessel is
corroding at a rate that will lead to failure of the vessel in less than two years.

The vessel’s intended lifetime is 40 years. Because of the vessel’s size, it is very
expensive.

Imagine yourself as the materials engineer at Homestake Mining. You need to
explain to your supervisor the likely cause of corrosion of the vessel. In addition,
you need to solve the corrosion problem (i.e., lower the vessel’s corrosion rate to
close to zero). You can accomplish both goals by using the Pourbaix Diagram of
iron. Specifically, using the Pourbaix Diagram for which the concentration of all
water soluble species of iron is 10 moles/liter, (a) explain the likely reason why
the vessel is corroding at present, and (b) identify the pH-range (i.e., the minimum
value and the maximum value (approximate)) in which the alkaline solution’s pH
must be lowered while in storage in order to guarantee that the vessel is either
immune to corrosion, or forms a passive film at all potentials?
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