SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY 

DEPARTMENT OF METALLURGICAL ENGINEERING 

Put all your answers on this sheet and the provided graph paper only.  Show condensed summaries of your work.  Scratch paper is allowed.
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2.
Determine the degrees of freedom in the following systems:

a)
Solid Pb, Solid PbO, gaseous SO2, gaseous SO3, gaseous O2.

b)
Add gaseous N2 to system (a).

c)
Add solid PbO•PbSO4 to system (a).
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2)
What is the slope of the ZnO-ZnS line on a stability diagram of Log PSO2vs Log PO2? 

3)
What is the slope of a line of constant SO2 pressure on a stability diagram of Log PSO3 vs  Log PO2?


NOTE PSO3vs Log O2  NOT PSO2 vs Log O2
5)
On predominance diagram of the M-O-Cl system where LogPCl2 is plotted vs Log PO2, 

Sketch the approximate locations of the following condensed compounds 


M, MO, MO2, MOCl, MCl2, MOCl2
6)
The roaster diagram for the Pb-O-S system would look like the sketch below.  Write the three equations which would fix the position of the PbSO4/PbO•4PbSO4  line on the roaster diagram below. 
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3)
Consider a stability diagram for the Co-O-S system. The condensed components present are CoS2, Co3O4, Co, Co9S8, CoSO4, and CoO. The vertical coordinate is Log PSO2 and the horizontal coordinate is Log PO2.  The gases present include S2, O2, SO2, and SO3.

a) Sketch the diagram showing the relative position of each compound.

b) Assuming the CoSO4 and the CoS2 phases are in equilibrium, what is the slope of the line between them?

c) What would be the slope of a line of constant SO3?

5.
How many degrees of freedom are there in the following system at equilibrium: solid Fe, solid FeO, C, CO2 gas, CO gas, and N2 gas?

7.
One ton (2000 lbs) of zinc and lead sulfide concentrate (30 wt% ZnS, 60 wt% PbS, and 10 wt% SiO2) is to be flash roasted using enriched air containing y% O2 and (100-y)% N2.  No fuel is used.  The roaster gases contain 5% SO2, 1% SO3, 3% O2, and the balance N2.  Give the mass balances needed to calculate the quantity of dry air fed to the roaster.  Define all required quantities.  Set up the solution only.
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1. Sketch a curve showing how the amount of a mineral resource changes with grade. 







2. Sketch a curve showing the Mass of material used per unit Gross Domestic Product for a nation as a function of its per capita Gross Domestic Product. (10)







3.
Determine the degrees of freedom in the following systems:

a)
Solid CaCO3, CaO, CO2.

b)
Add gaseous N2 to system (a). 

c)
Add solid MgCO3and MgO to system (a) - No N2. 
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4a)
A stability diagram for the Ni-S-O system is to be drawn.  The vertical coordinate is Log PS2 and the horizontal coordinate is Log PO2.  The condensed compounds present are Ni, NiS, NiSO4, Ni3S2, and NiO.  The gases present include S2, O2, SO2, and SO3.

i)  
Sketch the diagram showing the relative position of each compound. 

ii)
Assuming the NiSO4 and the NiS phases are in equilibrium, what is the slope of the line between them?  

iii)
What would be the slope of a line of constant SO2?   

4b)
Describe the Imperial Smelting Process.  Include a skecth.

6)
How many degrees of freedom are there in the following system at equilibrium: solid Fe, solid FeO, solid C, CO2 gas, CO gas, and N2 gas?

7)
Lab Questions

c) Write  the mass balances to solve the following problem:

A zinc flotation concentrate, substantially pure ZnS is roasted to ZnO without fuel.  The roaster gases contain 6% SO2 and 1% SO3, balance N2 and O2.  Give the mass balances needed to calculate the quantity of dry air fed to the roaster in per ton of ZnS.
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1. Questions on Cost, Conservation, and Concentration

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


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


c.
Sketch the trend of inflation-adjusted unit cost of a typical metal during the 20th Century 


d.
Sketch the total amount of Cu (as elemental including compounds) on Earth over the 20th Century 







2.
Determine the degrees of freedom in each of the following systems:

a)
Solid austenitic Fe, solid C, gaseous CO plus CO2 at a total pressure of 1 atm.

b)
What if a second phase of alpha Fe is added to system (a) above?
c)
`The three solids: MgO, SiO2, and CaO at 1 atm
d)
A system at a fixed temperature and consisting of ZnS, ZnO, SO2, and O2.

3. A Stability Diagram (also known as a Predominance Diagram) is being constructed for the hypothetical M-O-Cl system.  On the chart below, write the approximate, relative positions of each of the following condensed phases:

M
MO
MOCl
MCl

M2O
MO3
MOCl2
MCl2

4.
Refer to Problem #3.  Assuming the following phases are adjacent (i.e. in equilibrium), what is the slope of the line between 
a) M2O and MO3
b) MOCl2
and MCl2
c) M and MOCl
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