MSE 112
Mid-Term EXAM, SPRING 2007

NAME: [l

The use of books or notes during the Exam is NOT permitted.

ALL WORK I8 TO BE DONE INCTHIS BOOKLET. YOU MAY LSE THE BACKS
OF PAGES fand page 10, which is blank)

AN woltnges are measured with respect to S
Logs are in base [,

Ioule 1 woltscoulomb = 0239 calorie
R=gas constant = L9872 cal/{mole™K)
I'= Faraday's Constant = %6, 300 coulsmbs/eguivalent
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a0 Plationm immersed inan aie-saturated aqueons electrolyie (e.g., sen waler) s
referred 1o as an “oxvpen electrode.” Platinum immersed in nitrogen-saturated sea
water is relerred tooas o “hdropen electrode,™ Fxplain why these two desipgnations
of platinum are appropriate.
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(e Phe tollowing is a sketch of the cathodic polarization corve of platinom immersed
e aie-saturated sea waler,
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i Identiny the reduction reactions taking place along A and 15,
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(01 Explain the reasons b lor the cero slope of the carve an O
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20 Working as a materials engineer at a plant that manufactures thermal insulation, you
were asked we seleet the matenols Tor o @ank (1000 hiter volume ) that would store
the aguecus solution that was left over from the manuafacturing process, In the
reaction vessel mowhich the imsulation i made, the lelt-over solution is very acidic
and bas a pH o2, The lefi-over solution is neotralized (e s pH s raised o 7)
betore it is sent to the 1 OAH0-lter storape vessel.

For the storee vessel, vou selected galvanized carbon-steel (1.e., the inside
surlace of the tank 15 coaled with an 003 inch dhick layer of wine; the steel s
(25 anch thick ond constinates the magarly of the vessel), You based your
selection of galvanized steel on the results of polarization tests that vou condicied
ont zine immersed inome-free, neutralized (e, pll = 73, lef-over solution, The
solution mside the storaee tank s oir-free, Acconrding 1o vour measurements, the
corrosien potentinl and corrosion mte of zioe are 0500V s SHE and 53147
ampsiem’, respectively. The slopes of the onodic and cathodic polarzation
curves are 125 ¥ and 5.5 V! respectively (e, Tor the oxidation reaction,
loglifia ™A% — A%k = 125 V"

Hused on your measueements of the polarization curves ol zne, vou predicied thal
the wine couting weuld survive Tor approsimately [ years, and that the wnk
weontld, therelore, remain leak-Iree Tor over 10 years,

Adter the storape tank was o service tor 1 vear, a number of leaks occurned,
[nspection ol the merion el the ok Townd that the ane coating bad corroded
e, and that the leaks were consed by cormosion ol the unprotected stecl, Your
hoss has recommended 1o the plint manager that you be lred for selecting
miterials with insulTicient corrosion restslance,

You decide 1o fght 1o sove vour job and reguest a meeting with youe boss and (he
plant manager. The basis of your defense is the daily measurements of pl1 ol the
Figguied inside the storape ank, You fnd tha from the tme the siompe imk was
firat placed in service, the pll el the spent liguid sas oot adequately neotralized.
Instead of the pll being raised w 7, the pll was consistently mised 10 only 565,
[nterestingly, vou learn that the engineer, who was responsible for insuring that
the pl Lol

b solution inside the storape ok was 7,08 vour boss™s son-in-las,

Ad the meeting. your bosa™s son-in-law admits that he only raised the ptl o 3263,
Fevwever, the sen-in-law maintains that the small dillerence in pH (563 vs, 7) s
o small o be responsible Tor the hetor o T inerease mthe zine's corrosion e
(e the gne lasted Jess than 1 oyvear, istead of the 18 yvears vou hod predicted .
The son-un-law clanms thal your meompelence is responsible lor the premature
failure of the tank.

o need o redufe the accwsation ol imeompeienee made by vour boss and s
sl apainst vou, here sn'o ume o measure the corrosion rale of @ in



spenit solution of phE 565, Using andy the data that you already hove (e, the
polarization curves and the measured values of pH, prepare o convineing case
that will persuade the plant manager that it was the soo-in-law’s negligence that 15
responsihle for the carly folore of the storage ank,
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Ao iy Based on the fellowing infarmotien, construet the Pourbaix diagram ol beryliom

3 i : g ; AR o) (Sl
(Bedin water, (1) Inelude i vour dhizgram the two lines that mark the reeion in (i) 13k
which waler 15 thermodynamically stubles Tdendly the equilibrinm reaction fedd & pds
associated with each line, () Indicate the region of the diagram in which findd 3,

berHinm might he corrasion resistant. even thowgh it is thermedynamically

unstahle
B + e = Be,

Bely + 2H + 2o = Be | 11200,

Bea(h? = 6H' +de = 2Be 1 31140,

Be ' 1 1a0 3 Bet) - 2H

ZReCy - OH = Be0y 4 11
ROLDFACE = solid
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A fa) What characteristivs ol ioon’s passive Gl are responsible for s protectiveness
apainsl corrosion’!

Ch I the figure below, the solid curve is o sheteh ol the kinetics of oxidation of iron in
e vpenated squesus borate bulter (pHE . Label the passivation petentinl and
iron = oxidation rate i the passive state,

The dashied corve 15 the Total rote oF axidation when iron is immersed in aquenus borate
bBuller with 25107 M ol Fe ™', ay mensured by Magayama and Cohen. What s the
product of the extra amount ol oxidation of iton in the passive region in {horate buffer
FIXLO MR EE T T nl — Rl o e (e

Caomnpure the armoamt ol exidation m the passive state of an ron clectrode immersed
borate bulTer o the ameunt of aesidation in the passive state of an iron electrode
immersed in §borate bulter + 23107 ol Fe 'y, 10 which solutien is the amoeunt of
axidation of the iron electmade likely 1o be greater? Brictly explain vour answer.
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(o1 The kineties ol oxidation of tweeallovs msea water are sketehed i the Regure, along
with the kinetics of reduction of oxyvgen, which are the same Tor both alloys, Which
allow, A or B s likely 1o be more resialant to crevice corrosion in sen witer? List the
reisons for YOUr Answer,
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