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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.

1. What cell potential would be required to perform electrolysis on Al2O3 dissolved in liquid cryolyte (Na3AlF6​) at 1000 K.  The liquid is saturated with pure, solid Al2O3 to

a) 
produce pure, liquid Al and O2 gas at 1 atm using inert anodes and cathodes such that the overall reaction is 
Al2O3 = 2Al + 1.5 O2 ?

b)
produce pure, liquid Al and CO2 gas at 1 atm using pure solid, carbon anodes and cathodes such that the overall reaction is 

Al2O3 + 1.5C = 2Al + 1.5 CO2?

c) What standard state should be used for each component in determining the Standard Gibb’s Energy changes for the above reactions for the stated conditions so that all the activities, fugacities (pressures) are known from the specified information?




Al2O3 
______________



C
______________




Al
______________




O2
______________




CO2
______________
2. Sketch an Iron Blast Furnace and 

a)
Label 5 items
b) 
Describe the following


i) 
Hot Metal

ii) Hot Blast

iii) Iron Notch

iv) Burden

v) Top Gas
3. a) Given the following reduction schemes letter designations:
S   - 

Molten salt electrolysis

C   - 

Carbothermic reduction

Ma - 

Matte Smelting

Me -

Metallothermic Reduction

Assign the following metal a likely production method:
Ti ___

Fe___ 

Ca___

Cu___



Ni___ 

Mg__

Al___

W___

b)
What are the advantages of Matte Smelting over sulfide roasting to oxide followed by Carbothermic reduction?

c) How might matte smelting be made more energy efficient?

d) What is the Kroll Process?

4. An alloy of liquid Ag-Cu alloy at 1400 K is placed in a vacuum.  The mole fraction of Ag is 0.01.  
a)
What is the refining ratio for the Ag?
b)
Could the alloy be completely refined of the Ag?
c)
Estimate the mass flux from a surface of pure molten Sn at 1400 K in a vacuum.
	Data for Cd-Sn Alloys and pure Elements

	P pure Sn @ 1400K
	2.12x10-6 atm

	P pure Cd @ 1400 K
	19.02 atm

	Activity Coef for Sn at infinite in Cd Dilution
	1.97

	Activity Coef for Cd at infinite in Sn Dilution
	1.69

	MW Sn
	118.7

	MW Cd
	112.4




1 atm = 101,300 Pa
5.
Lab Questions

a)
What is the value of Z called if Z is to1 mg as 31.14 g is to 2000 lbs?

b) Why and How does the Pb form during the fusion step of the Au Fire Assay?

c) If the oxygen bomb calorimeter temperature rises 5.4 F degrees with a 2400 grams water equivalent for the combustion of 1 gram of gasoline, estimate the fuel value of one gallon of gasoline.  (note: 6.3 lbs gasoline per gallon) 

6.
a) Draw a silica network


b) Show how a basic component interrupts the silica network 

7. 
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.

Zinc sulfide, iron sulfide and lead sulfide concentrate composed of

40 moles  ZnS, 

50 moles  PbS, 

2   moles SiO2 (inert)

are to be roasted using oxygen-enriched  dry air containing 60% O2 and 40%N2.  No fuel is used.  The roaster gases contain 45% SO2, 5% SO3, balance N2.  

DATA SHEET  - - Plus Ellingham Diagram
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


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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Activity Coefficient Data for Al-Ag System
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