MES 601 Fundamentals of Materials Engineering

Test 3 – due Tuesday November 3, 2009 – Do 4 of the 5 question

Thermodynamics of Solution Processes

1. Metallic plates to clean metal household products, such as silverware, jewelry and pans, have recently been marketed.  These products are said to be able to clean the tarnish from copper, brass, bronze, steel, silver and gold by immersion of the metal plate in a hot water solution once an activator has been added. Tarnish is the dulled luster of a metallic surface usually caused by oxidation.

a. Discuss, using the principles covered in class, how this product works.  I have included Ag-H2O and Cu-H2O Eh-pH diagrams to focus your discussion.
b. What purpose(s) does the activator serve? 
c. What are some candidate metals from which the metallic cleaning plate might be made, and why these metals? 
d. Is the water being warm important to the process? Why or why not? 
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2. Calcium oxalate monohydrate in your system can sometimes lead to a very painful development of kidney stones.  The chemical formula for and solubility product of calcium oxalate are Ca(C2O4).H2O Ksp=2.32×10-9, respectively.  Determine the concentration of calcium and oxalate ions in pure water and in blood held at pH=7.4 and at a typical blood plasma ionic strength of 0.7 wt% NaCl.  If one desires to avoid kidney stones, which is better pure water or blood?

3. Gold has two ions that could exist in water solution, Au+1 (Gf=39.0 kcal/mole), and Au+3 (Gf=103.6 kcal/mole).  A) Find the Eo value for the three reactions that are possible between the gold species, B) what are E values with ion concentration of 10-5 M in a 10-3 M NaCl solution at pH 4.5 and C) show and describe which species are stable.  

4. For the combined Tin (Sn, blue lines on diagram) and Iron, (Fe, black solid lines on diagram – dashed lines are water stability lines) Pourbaix diagram shown below:

a. Is it possible to remove tin ions from solution with iron metal?
b. What will happen if Sn(OH)4 is mixed with an aqueous solution (pH 5; Eh=0 Volts) of Fe+2 ions.  If a reaction occurs, how can the reaction be stopped.  If no reaction occurs how could one be initiated?
[image: ]

5. In the Pourbaix diagrams below, what do the green, red and grey regions represent?  What will happen if Zn2+ is added to an aqueous solution containing Aluminum powder?  What will happen if Al3+ is added to an aqueous solution containing Gold powder?  What will happen if Au3+ is added to an aqueous solution containing Zinc powder?  
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FiG. 2. Potential-pH equilibrium diagram for the system copper-water, at 25°C.  PH
[Considering the solid substances Cu, Cu,0 and Cu(OH),. CuO is not considered.]
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