MSE 112
Mid-Term EXAM, SPRING 2019

NAME: SOL&T[ONS

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
Temperature = 25°C = 298K

Problem Point Value
1 10
2 45
3 20

4 25
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A¢e = Ade® - RT In {[Y}/[X]} = (at 25°C) Ade° - (0.059V/n) log1o {IY[X]}

nF
pH = - logio [H]

H*+ OH - H,0 Kw at 25°C = 10-14

Cr072 + 14H* + 6e” -> 2Cr + 7TH,0
Au® +3e" > Au

1/2 02 + 2H* + 2e- > H,0

Pt*? +2e > Pt

02 +2H,0 + 4e” > 40H-

Cu™ +2e" = Cu

2H +2e > H;

H20 +e = 1/2 Hy + (OH)

Fe* +2¢" > Fe

Cr***+3e > Cr

A¢e® = 1.330V vs SHE
Ade® = 1.300V vs SHE
Ade® = 1.229 vs SHE

Ade® =1.118V vs SHE
Ade® = 0.401V vs SHE
A¢e® =0.337V vs SHE
Ade® = 0.0V vs SHE

-0.828V vs SHE

Ade°

1

Ade® =-0.447V vs SHE

Ade® = -0.740V vs SHE

iy = (ZF/N )NMNBdMmp2(8nkT/m)!2exp (-AGT/RT Jexp( zZFBMASH/RT).

ired = ZF(Cppt2)NBdMB2(87kT/m) 2exp {-(AG* + AGo)/RT }exp{- zF(1-B)MASH/RT}

i, = {zFd:(87RT/m)"exp (- [AG, + AGJ/RT)exp(z[1-B]F A9 */RT)}[H+]( P ]/[FE])-#

i.=D(RRR..){(PPP...)/(RRR...)}¥ = D (PPP..)(RRR..) P

io = D[H*]( [Pr2] "/[H*])'"P = D Py, (B2 [1+1P

lcorr = (air’ra(wCORR?{(box o bred)



1. When a sheet of platinum is intimately connected (i.e., metallurgically bonded) to a sheet
of iron an electrostatic potential difference is developed between the two metals, PAF =
¢™ — ¢, Similarly, when a sheet of platinum is immersed into an aqueous solution of
air-saturated 1M HCI, an electrostatic potential difference is developed between the
platinum and the aqueous solution, P/AS) = ¢t — ¢S. Briefly explain why it is possible
with the aid of a DC power supply to change the value of P'AS$ but it is not possible to
change the value of "AF¢§ (e.g., by employing a DC power supply).
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2. An automobile bumper of carbon steel (Fe-0.06 wt. percent C) is to be electroplated with
a thin surface coating of chromium (i.e., chromium will be electrodeposited onto the
steel). The electroplating is conducted inside a large steel tank that is protected against
corrosion by an inert plastic coating. In this problem you are asked to select the optimum
composition of the plating bath.

In all cases the bath contains 1M Cr™, You are asked to select the pH of the solution and
to determine if it is necessary to deoxygenate the solution (i.e., to reduce the solution’s
dissolved oxygen concentration from 0.2 atm (= air-saturated) to 0 atm). In making your
decision you need to consider the following:

I. It is of utmost importance that the steel’s surface remains bare (i.e., no solid corrosion
product) when it is immersed in the plating bath (otherwise the electrodeposited Cr
coating will be of poor quality).

2. There are three possible values of pH of commercially available plating baths: 0, 4 or
7. Thus, you must select a pH of either 0, 4 or 7.

3. A platinum counter electrode is used for electroplating chromium onto the steel.
When electroplating is not being conducted the platinum counter electrode remains
immersed in the plating bath. It is important that the platinum not be significantly
corroded. Specifically, the concentration of platinum ions in the solution
immediately adjacent to the platinum electrode must not exceed 5x10-5 M.

4. During pauses in the electroplating operation it is essential that toxic hexavalent
chromium (e.g., Cr2077) not be generated and that Cr** remains stable in the plating
bath.

5. From cost considerations it is desirable (but not essential) that the bath not be
deoxygenated.

Identify the optimum bath chemistry (i.e, select the pH of 0, 4, or 7; select the
dissolved oxygen concentration of either 0 or 0.2 atm).
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3. Assuming ideal solution behavior a Standard Hydrogen Electrode can be created by
immersing a platinum electrode into an aqueous solution of 1M HCl that is saturated with

I atm of Ha(g). The value of B for the charge transfer reaction associated with the SHE is
0.500. The objective is to measure the numerical value of the exchange current density,
1o, of the H/H* redox couple of the SHE.

The apparatus for determining i, is illustrated in the following sketch. R is a theoretically
ideal reference electrode.

VD””Q*‘Z: I‘Dc POWE R Sup Ty }
’ . L

Conn Yec
E lec+trod e

TRelerence

Electeode R

e L WL

Pt Py, ® Lotm

The DC power supply sets a particular value of cell voltage. At each value of cell voltage
the potential of the platinum electrode is measured with respect to the reference electrode,
R; that value of potential is then subtracted from the corrosion potential of platinum. The
difference is listed in the left-hand column of the following Table. The second column
lists iex, which is the current density that flows through the external circuit that connects
the platinum and counter electrodes to the DC power supply (icx is obtained by measuring
the cell current and dividing by the surface area of the platinum electrode).

PtAS¢ = l“tAS¢corr fex

(mV) (amp/cm?)
-50 -0.0583
-20 -0.0205
-10 -0.0101
-5 -0.005
-2 -0.002
-1 -0.001

1 0.001

2 0.002

5 0.005
10 0.0101
20 0.0205
50 0.0583

Use the information provided to calculate the exchange current density of the SHE, iosue).
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. A cast iron pipe transports waste of a chemical refining plant to a waste storage facility.
The waste is an oxygen-free, aqueous solution of pH 4. Measurements indicate that the
pipe’s corrosion rate is 1x107 A/em2. To extend the lifetime of the pipe it is necessary to
lower its corrosion rate. It is decided to cathodically polarize the pipe in order to lower its
corrosion rate to 1x10 A/em?. To that end laboratory tests are performed in which
samples of the cast iron pipe are anodically and cathodically polarized in the waste and
the slopes of the polarization curves are measured as:
slope of anodic polarization curve = oLogio/0ncorr = +20V"!; and
slope of cathodic polarization curve = oLog101/0Mcorr = -10V"!.

Use the information provided to calculate the value of the applied current density, iapplied,
that is required to lower the oxidation rate of the pipe to 1x10¢ A/cm?.
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