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Select 8 of the 10 problems below to complete.  If there is no indication of which 8 you are choosing, 1- 8 will be graded.  If more than 2 selections are made for the problems not to be worked, the first two such selections will not be graded.
Place an X through the problems you are choosing NOT to work.
No questions answered

1.
How many degrees of freedom are there in the following systems?

a) Solid C and gaseous CO and CO2

b) Solid C and gaseous CO, O2, O3, and CO2 

c) Solid C, Fe, and FeO and gaseous CO and CO2

d) Solid C, Fe, and FeO; liquid Fe; and gaseous CO and CO2
2. 
Determine the mineralogic analysis of mixture of chalcopyrite, pyrite, and chalcocite if the atomic analysis from the SEM is 

40% S

32% Cu 

28% Fe.

	Pyrite
	FeS2

	Native Copper
	Cu

	Chalcocite
	Cu2S

	Covellite
	CuS

	Chalcopyrite
	CuFeS2

	Cuprite
	Cu2O


3.
State the method (carbothermic, matte smelting, etc.) and briefly describe the reactions and process for producing each of the below metal by one commercial process. 

a)
Cu


b)
Ti

c) Pb

d) Fe

e) Mg

4.
A predominance diagram for the W-Cl-O system is to be drawn.  The vertical coordinate is Log PCl2 and the horizontal coordinate is Log PO2.  The condensed compounds present are W, WCl2, WCl4, WCl6, and WO2, WOCl4.  


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


b)
Assuming the WOCl4 and the WCl phases are in equilibrium, what is the slope of the line between them?

5.
What cell potential would be required to produce Na(l) and Cl2(g)  from NaCl(l).  The activity of the NaCl is 0.8 relative to the pure liquid. The pressure of chlorine is 0.02 atm and the temperature is 1100 K.

6.
a)
Find the standard Gibbs energy change for the change in standard state for the following reactions:



i) 
Zn (pure Liquid) = Zn (1 wt% in Pb) 



ii) 
O2 (1 atm) = O2 (1 kbar)    {note: 1 kbar = 1,013 atm}
b)
A steel heat at 1873 K containing 0.1 wt% C is in equilibrium with CO gas at 0.8 atm.  
What is the equilibrium wt% O in the melt?  Assume fc = 1.
7.
Draw and label wire types as A and B or Cu a thermocouple circuit using 

a) 
an ice bath for its reference emf.  
b) Redraw the above diagram and indicate what part of the above circuit is replaced by an ice-point compensator.

8.  Calculate the refining ratio for a Pb-Zn alloy at 923 K from the data provided at


a) XZn = 0.1



R = 

b) XZn ( 0
Ro = 
9.
Short Answer and Lab Questions

a)
What is the purpose of the reference junction in thermocouple work?

b)
What happens to the lead during cupellation? 

c)
What is an assay ton used?


d)
What is the difference between a mineral deposit and an ore body? 

e)
For what is the Langmuir Equation used?

f)
What was the purpose of the flour in the fire assay?

g) Name an acidic slag component.

h) Name a basic slag component.

i) What is the difference between the Enthalpy (H) and the heat at constant volume for the bomb calorimeter?

j) What is the Kroll Process?

10.
 Characterize the indicated bulk composition at 1200 (C.
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DATA

Data at 1873 K (1600°C).   All dissolved components are in liquid iron.

C + O = CO(g)


K = 500

Si + 2O = SiO2(c)

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

∆G°1100 K  = 74,104 cal/gmole

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

∆G EQ \o(\s\up6(o),\s\do4(R))  = - 218,600 + 47.40 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/gmole
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 fi's are 1.0

Other Information 
F = 23,061 cal/gmole-equiv

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




   Vapor Pressure of Pure Zn

	T, C
	T, K
	PoZn atm

	450
	723
	5.18E-04

	500
	773
	1.87E-03

	550
	823
	5.72E-03

	600
	873
	1.53E-02

	650
	923
	3.69E-02

	700
	973
	8.06E-02

	750
	1023
	1.63E-01

	800
	1073
	3.07E-01

	850
	1123
	5.46E-01

	900
	1173
	9.23E-01

	907
	1180
	9.89E-01
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Integral Quantities for Liquid Alloys at 923°K

(1 —x)Pb(” +in(l) = Pb1 _XZnXu )
X AG | aH AS AGTS | As*S
&n
5 ] -2317 455 0. 17580 359 0.104
3.2 -255 848 1.195 663 0. 200
D.25% -2951 918 1.t 716 0.219
(+£100){(£100) | (£.15) |(£100) (£.15)
0. 97%* - 48 168 0.234 199 -0.034
TABLE 2

Partial Molar Quantities for Liquid Alloys at 923°K

Pb Component Pb(l) = Pb(in alloy)u)
- -X8 o = -XS
X b Spp Tpp . | ACpp] ACpy| AHpy | A5pp | AOpp
1.0 1.000 1.000 0 0 0 | 0.000 | 0.000
0.9 0.913 1.014 | -168 25 29 | 0.213 | 0.004
0.8 0.854 1.067 | -291 118 | 132 | 0.458 | 0.015
0.78% | 0.845 1.083 | -310 | 146 | 164 |0.514| 0.020
(+.048) | (+. 061) | (+100) | (£100) |(x200) [(+.2) | (+.2)
0.03% | 0.845 |28.16 -310 | 6122 | 5374 | 6.158 | -0.810
0.0 0.000 |34.6 -~ & }-8500 -} 8500 o -1: 083
Zn Component Znu) = Zn(in alloy)u)
o
- ~ X8 - - XS
o Szn T7n Mg | Ay JAH, |88, | A5,
0.0 0.000 | 7.940 ~ o | 3800 | 4800 - 1.083
0.1 0.627 | 6.273 -855 | 3368 | 4293 | 5.577 | 1.002
0.2 0.942 | 4.709 -110 | 2842 | 3712 | 4.141 | 0.943
0.22% | 0.978 |4.447 | - 40 | 2737 | 3590 | 3.933 | 0.924
(£. 055) |(+.249) (£100) [ (£100) | (£200) |(%. 2) (£. 2)
0.97% | 0.978 | 1.009 - 40 16 7 | 0.051 | -0.010
1.0 1.000 | 1.000 0 0 0 | 0.000 | 0.000

*Phase boundarv
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