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Put all your answers on this sheet and the provided graph paper only.  Show condensed summaries of your work.  Scratch paper is allowed.

1a.
Sketch a curve showing how the amount of a mineral resource changes with grade.






1b.
Sketch the variation of the Mass of material used per unit Gross Domestic Product for a nation as a function of its per capita Gross Domestic Product.





1c.
Sketch the variation of the total mass of Cu (in all forms) on the Earth’s crust over time. 






2. How many degrees of freedom are there in the following systems? 
a)
solid CaCO3 , solid CaO, CO2 gas mixed with N2 gas.

b) A liquid iron phase with C and Si dissolved in it. The iron phase is in contact with a slag composed of a solution of SiO2 and CaO. The whole thing is in a C crucible under an atmosphere of argon with CO and CO2 gas.
3. Concerning the Zn-O-S predominance diagram in which Log PSO2​ is plotted vs. Log PO2 , 

a) What is the slope of the line between the ZnS and the ZnO phases on the stability diagram?
b)  What is the slope of a line of constant SO3 pressure on the stability diagram?

c)
If the plot is changed so that Log PS2​ is plotted vs. Log PO2, how would the slope in part (a) differ?
4. Show the three equations needed to calculate PO2, PSO2, and PSO3 for the Zn-O-S roaster diagram line for equilibrium between the ZnO and ZnO.2ZnSO4.
5. Characterize (give all phases and their compositions) for the bulk composition marked X (at approx 30% S and 35% A) on the attached CaO-SiO2-Al2O3 ternary phase diagram at 


a) 1400 (C


b) 1300 (C
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