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1a.
What cell potential would be required to produce Mg(l) and Cl2(g)  from MgCl2(l)?  The activity of the MgCl2 is 0.5 relative to the pure liquid. The pressure of chlorine is 1.1 atm and the temperature is 1000 K.

1b.
Describe the chemical reaction used in the Pidgeon Process for producing Mg from dolomite ( MgO·CaO).

2a.
Name any three of the five major impurities in hot metal from the iron blast furnace and describe how they are removed in the BOF steel making process.

2b.
How much argon per ton (vol at STP) would be required to deoxidize a steel heat containing 0.4 wt% C and 0.005 wt% O to 0.0005 wt% O by sparging with argon?

3.
Refer to the attached FeO-SiO2-Al2O3 phase diagram and indicated bulk composition.


a) Answer the following questions

i) What are the final three crystals? 

ii) What is the order and temperature of the first appearance of the three crystals?

b) Answer the following questions

i) What is the percentage liquid at 1600 C?

iii) How much SiO2 is there at 1300 C 

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?   

 b)
Describe the Imperial Smelting Process.  Include a sketch. 

5
a)   Sketch a fuel cell and show the pertinent half reactions


b)
Describe a matte smelting process.

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

a) Draw a silica network and show the effect of MgO addition.

b) How was the Pb phase formed in the fire assay?

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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From Phase Diagrams for Ceramists: American Ceramics Society

DATA

Data at 1600°C.   All dissolved components are in liquid iron.

 EQ \o(C,_)  +  EQ \o(O,_)  = CO(g)


K = 500

 EQ \o(Si,_)  + 2 EQ \o(O,_)  = SiO2(g)

K = 17052

H2(g) = 2H
  

 K1600 = 7.3 X 10-6 

log fSi = 0.029 [% Si]

MW Si = 28.09
MW Fe = 55.85

Si(1) in iron


 EQ \o(\s\up2(°),\s\do6(Si))   1873K = 0.00132


∆G EQ \o(\s\up6(o),\s\do4())  values are in cal/gmole
MgCl2(l) = Mg(l) + Cl2(g)

∆G°1000 K = 115,000 cal/gmole

Si(1) + 02(g) = Si02 (B-quartz)

∆G EQ \o(\s\up6(o),\s\do4(R))  = - 226,500 + 47.50 T  cal/gmole

Fe(1) + 1/2 02(g) = Fe0(1)

∆G EQ \o(\s\up6(o),\s\do4(R))  = -56,900 + 11.82T  cal/gmole
SO2 + 0.5 O2 = SO3


∆G EQ \o(\s\up6(o),\s\do4(R))  = -94,600 + 89.37T  cal/gmole

0.5 O2(g) =  EQ \o(O,_)  



∆G°  = -28,000 - 0.69T  (cal)

Interaction coefficients for iron melts at 1873 K


e EQ \o(c,c)  = 0.15

e EQ \o(o,o)  = -0.20


e EQ \o(c,o)  = -0.45

e EQ \o(cr,o)  = -0.04
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E. F. Osborn and Arnulf Muan, revised and redrawn “Phase Equilibrium Diagrams of Oxide Systems,” Plate 9, published by the
American Ceramic Society and the Edward Orton, Jr., Ceramic Foundation, 1960.



’s are 1.0
Other Information 
F = 23,061 cal/(volt*equiv)

R = 1.987 cal/gmole-K = 0.08205 L*atm/K*gmole
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