
 

South Dakota School of Mines and Technology 
Department of Materials and Metallurgical Engineering 

 
MET 320 Final Exam Dec 21, 2007 
Closed Note and Book No Calculators 
 
Constants: 
R = 1.987 cal/K•gmole = 8.31 J/K•gmole  
F = 23,060 cal/volt•gram equivalent = 96,259 Joule/volt•gram equivalent 
 
1. Show on the attached Ellingham Diagram  

a) The pressure of O2 in equilibrium with Si and SiO2 at 1300°C 
 
 

b) The H2/H2O ratio in equilibrium with Si and SiO2 at 1300°C 
 
 

c) The CO/CO2 ratio in equilibrium with Si and SiO2 at 1300°C 
 
 
 

d) Estimate the for one gram mole of Mg 
i) Heat of Fusion 

 
 
 
 

ii) Heat of Vaporization. 
 
 
 
 
 
 
 

 
 

 



 
2. Find the adiabatic flame temperature for the combustion of CH4 with pure O2.  The O2 and the CH4 

start at 298°K.  Use the data provided below only. 
 

  CH4 (g)+ 2 O2(g) = CO2 (g) + 2 H2O(g) 
 

 Species Heats of Formation Cp    
  (calories/g mole at 298°K) (cal/ gmole °K) 
 CH4(g) see JANAF  
 H2O(g) see JANAF  
 CO2(g) see JANAF  
 O2(g)  8.6 
 N2(g)  7.0 
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3. CaO-Al2O3-SiO2 (C-A-S) Ternary Phase Diagram   
Show all constructions on the diagram. 

 a)  What is the bulk composition of the composition marked “1”,  
i) Percent SiO2 = __________ 
 
ii) Percent CaO = __________   

 
b) For the bulk composition marked “2”, what is the 1st crystal to appear upon cooling? 
 
 
c) For the bulk composition marked “3”, what are the final 3 crystals?  

 
 

d) For the bulk composition marked “4”, what percent liquid is present at  1400 °C 
 
 
 
 
 
 
 
 
 
 
 
 
4. Pure, liquid MgCl2  at 1100 K is to undergo electrolysis to form Cl2 gas at a pressure of 0.1 ATM and 

pure, liquid magnesium.  What cell potential is needed?   Use JANAF data. 
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5. One mole of an ideal gas at 2 atm and 500 K are adiabatically compressed to 10 atm. 
 a)  What is the final temperature? 
  
 
 
 
 
  
 b)  How much heat was required? 
  
 
 
 
 
 
 
 c)  How much work was required? 
 
 
 
 
 
 
6. What is the maximum amount of work that could be obtained from 1000 BTU’s of heat from a boiler 

at 1000 K if the coldest heat sink available is at 400 K? 
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7. A railroad tanker has wrecked and caught fire.  There are sealed canisters of liquid ammonia, NH3, 
near the fire in a pool of boiling water at 370 K.  What is the pressure of NH3 in the bottles?  The heat 
of vaporization of ammonia is 21,725  J/gmole and boils at –33 ºC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. Would a gas with a partial pressure of Cl2 of 10-6 atm react with liquid Na to form liquid NaCl at 

1000 K?  Show your work. 
 

Na(l) + 0.5 Cl2(g)  =  NaCl(l)  ΔG° = - 375,232 + 58.508T   J/gmole 
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9. How many degrees of freedom are there in a system consisting of  
MgO(s) , MgCO3(s) , CaO(s), CaCO3(s), CO2(g), and N2(g)?   
The oxide and carbonate are pure (i.e. - insoluble in one another).   
The gases, of course, form a gas mixture. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

10. Complete the Fundamental Equations for a closed system 
    
  dU  = TdS - PdV 
  
 
 
 dH =  
 
 
 
 dA = 
 
 
 
  dG =  
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11. Find the activity of Au in a liquid Au-Cu alloy at 1338 K that is 60 atomic percent Au from the 
following data: 
 

XAu GM

0 0
0.1 -3145
0.2 -5605
0.3 -7586
0.4 -9066
0.5 -9875
0.6 -9817
0.7 -8830
0.8 -6878
0.9 -3950
1 0

Gibbs Energy of Mixing for theLiquid Al-Au 
System at 1338 K
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Scratch Paper - Discard 
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