TURN THIS SHEET IN ON TOP OF YOUR WORK

South Dakota School of Mines and Technology 
Department of Materials and Metallurgical Engineering 
Met 321
Final Exam
5/5/2005
Put all your answers on this sheet and the provided graph paper only.  Show condensed summaries of your work.  Scratch paper is allowed.

1.
Determine the degree(s) of freedom, F, in the following situations:

a)
Solid Fe2O3, with gaseous CO2, CO
b)
Solid Fe2O3, solid C with gaseous CO2, CO
c)
Solid Fe2O3, solid C with gaseous CO2, CO, O2

d) Solid Fe2O3, solid Fe3O4, solid C with gaseous CO2, CO. 
2.
Construct of predominance diagram at 400 K for the Al-Cl-O system using the data provided from the JANAF Tables.  Make Log PCl2 the vertical and Log P O2 the horizontal coordinate.  Use actual values whenever possible.
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 PO2 and the horizontal coordinate is Log PSO3.  

a)
Sketch the diagram showing the relative position of each compound.
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b)
Assuming the Co9S8 and the CoSO4 phases are in equilibrium, what is the slope of the line between them?

c)
What would be the slope of a line of constant SO2?
4. Refer to the attached MgO-SiO2-Al2O3 (M-S-A) ternary phase diagram.  

a) For the composition marked with a “A”, list the composition of each crystal formed upon cooling from the all liquid state and the temperature at which each first appears

b) 
Characterize the system at 1500 °C for the bulk composition indicated with a “B”. 
5.
Describe the matte smelting of copper.  Use the Ellingham Diagram to explain the process.
6.
How much argon per ton would be required to remove by sparging 99 % of the dissolved oxygen from a steel heat at 1873 K containing 0.5 wt% C and initially in equilibrium with CO gas at 1 atm?  
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7. An alloy of liquid Ag-Al alloy at 1273 K is placed in a vacuum.  The mole fraction of Ag is 0.1.  
a)
What is the refining ratio for the Al?
b)
Could the alloy be completely refined of the Al?

c)
Estimate the mass flux from the surface of the alloy in a vacuum.
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Table 1. Data for the Pb-Zn system at 923 K

	XZn
	Zn
	HMZn, Cal/gfw

	0.2
	4.709
	3712

	0.1
	6.273
	4293

	0.0
	7.94
	4800


MW Zn = 65.37          MW Pb = 207.2

MgO-AL2O3-SiO2 Ternary Phase Diagram: attached
Data at 1600°C.   All dissolved components are in liquid iron.
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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 in cal/gmole

NaCl(l) = Na(l) + 1/2 Cl2(g)


∆G°  =  82,830 

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

∆G°  = - 218,600 + 47.40 T  

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


∆G°  = -56,900 + 11.82T  
SO2 + 0.5 O2 = SO3


∆G°  = -94,600 + 89.37T  

0.5 O2(g) = 
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∆G°  = -28,000 - 0.69T  

 H2(g) +0.5 O2(g) = H2O(l)


∆G°  298 K  = -57,500 

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;  Assume other fi's = 1.0
Other Information 
F = 23,061 cal/v-equiv = 96,533 J/ v-equiv

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




Vapor Pressure Data in atm, T[=]K:
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