MES 601 Fundamentals of Materials Engineering

Homework 2 – due Monday October 19, 2009


1. Determine the lines for the Eh-pH diagram at 298 K for Al-H2O from the following data:

<Al> Go = 0; <Al(OH)3> Go = -271.9 kcal/mol; {Al3+} Go = -115 kcal/mole; 
{H2O} Go = -56.69 kcal/mole;

This includes correctly balancing the equations between the constituents and finding the equation of the Eh-pH line for that equation.  There are three equations between the three constituents.

Also answer the following questions,

a) under what conditions is aluminum stable in water from the data given?
b) what is the predominant species at Eh=0.45 volts, pH=5.5.

a. <Al>={Al3+}+3e                                       – Go = -115 kcal/mole
b. <Al>+3{H2O}=<Al(OH)3> +3{H+}+ 3e – Go = -271.9-3(-56.69)=-101.8 kcal/mole
c. {Al3+}+3{H2O}=<Al(OH)3> +3{H+}     – Go = -271.9-3(-56.69)-(-115)=13.2 kcal/mole

When electrons are transferred – Go = -nFEo and E=Eo-(0.059/n)logQ-(0.059m/n)pH
 – for reaction (and assuming all non-pH ion activites are one)

a. Eo =-Go /(nF) – n=-3 -- Eo =-1.66 Volts; m=0; E=Eo+(0.059/3)log(a{Al})=Eo
b. Eo =-Go /(nF) – n=-3 -- Eo =-1.47 Volts; m=-3; E=Eo+(0.059/3)log(a{Al})-(0.059)pH

without electrons

c. G = Go +RTln(aH3/aAl)=Go -6.909RT (pH+log(aAl)) – pH=3.22

aluminum is not stable in water under any conditions.  The water line is off the top of the graphed portion of the diagram below.

As pH=5.5 is to the right of line c (pH=3.22), the solid hydroxide species is the stable species.

[image: ]


2. The current density of a 10-4 M Ag+ solution in an electrochemical cell was measured to be 0.1524 amps/cm2; for the same concentration of Zn2+ in the same cell the current density was measured to be 0.2 amps/cm2.  The diffusion coefficient of Zn2+ in water was known to be 7.1x10-6 cm2/s.  Find the diffusion coefficient for the silver ions.  State all the assumptions you made.


Assuming, that diffusion is the limiting step, so that Cs=0 and .  In the same cell, the diffusion boundary layer is assumed to have the same thickness regardless of material, therefore:



as the bulk concentrations are the same.  This leads to the final equation of , which is slightly larger than literature values.

3.	The limiting current density for zinc deposition at a cathode is 0.221 amps/cm2, when the zinc ion concentration is 3x10-4 M.

a) What is the diffusion boundary layer thickness?
b) Draw the observed potential versus log current density graph, and calculate Ebulk.
c) At log current density equal to half the limiting current, discuss how accurate the assumption of equal activity coefficients for the surface and bulk zinc ions is.

a) 

so thus

, 
b) E=E0+(RT/nF)ln(aZn); E0=-0.763 V; assuming the activity coefficient for Zn ions at  3x10-4 M is one, the term to the right of the addition sign is +0.104 Volts; thus E=-0.867 Volts.  The figure below shows the potential versus log (current density) graph
[image: ]


c.	so that at half the limiting current, Cs=0.5Cb.  The biggest difference would be if the zinc were the only ion present.  Thus, the ionic strength would be 2C and the activity coefficient would be 10(-Azz√I) .  Dividing using the activity coefficients found using Cs and Cb gives a difference of about 2.4%, so the assumption is good in this case.
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