MSE 112
2" Mid-Term EXAM, SPRING 2006

NAME: %Sl"

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 (except where noted otherwise).
1 Joule = 1 voltscoulomb = 0.239 calorie
R=gas constant = 1.9872 cal/(mole°K)

F= Faraday’s Constant = 96,500 coulombs/equivalent
T = temperature = 25°C (except where noted)

Problem Point Value
1 55
2 20

3 25




1. This problem concerns the selection of material for a pipeline that will transport sea-
water from the coast to a desalination plant. The pipeline must be resi to pitting
corrosion and must exhibit a uniform corrosion rate below 1.5x10™ mm/yr.

A binary Fe-Cr alloy that contains 10% Cr is available for purchase at a very inexpensive

price. The alternative material is 304 stainless steel, which contains 18% Cr— 10% Ni,
and is considerably more expensive than the Fe-10Cr binary alloy.

At very little cost, it is possible to de-oxygenate the sea-water in the pipeline, if such
deaeration can improve the corrosion performance of the pipeline.

The preferred material is the alloy that meets the performance objectives at the lower
cost. Based on the information provided below, indicate (a) which alloy you would
recommend for the pipeline and (b) whether or not the water should be deaerated.

For both Fe-10Cr and 304 stainless steel, the kinetics of the reduction reactions in air-
saturated sea-water (pH=8) and in deoxygenated sea-water (pH=8) are specified as
follows:

Exchange current density slope

Air-saturated sea water 10" amps/cm® -1 decade/0.1V= -10
De-oxygenated sea-water 107 amps/cm? -1 decade/0.1V= - 1D

The oxidation kinetics of the two alloys in sea water are specified as follows:
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vele 7 ipn_ Potential Slope of Lo Pit
(ampsicm®)  ofi,,,  active region (amps/cm®) Potential
Fe-10Cr 10" -05V  +3.5dec/0.1V  5x107 0.1V
25ded/y
304 stainless steel 10 -06V  +3.5dec/0.1V  2x107 +0.2V
35dn v

In addition, both alloys have the same molecular weight of 55.4 g/M and density of
7.9 glce.
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2. Answer the following questions regarding the passive film formed on iron in an
aqueous borate buffer (pH=8.4). This topic was addressed in lecture and in the
course notes.

(a) What is the evidence for the good electron conductivity of iron’s passive
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(b) Cite evidence that indicates the rate determining step in the growth of
iron’s passive film is the migration of iron ions through the passive film.
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(c) Cite at least two pieces of evidence that indicates the passive film of iron
() Caledahin of Aﬁbp.u consists of two layers.
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3. (a) List the different possible mechanisms of initiation of pitting corrosion of 304

stainless steel (18Cr-8Ni) in air-saturated sea water. :
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(c) Make a sketch of the variation of corrosion potential with time of an (i) active r@aw‘m'&&)_
metal and a (ii) passive metal starting at time zero when both alloys are immersed
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(d) Describe two tests that you would use to determine the relative susceptibilities of
five different alloys to crevice corrosion in sea-water,
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(e) The nominal composition (expressed as weight percent) of 304 stainless steel
consists of 18% Cr, 8% Ni, 1% Mn, 1% Si, <0.08 % C. (i) Indicate the main reason
for the presence of each element. (ii) List compositional changes that would increase
the resistance of 304 stainless steel to sensitization.
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