SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY

DEPARTMENT OF METALLURGICAL ENGINEERING

MET 320
Final Exam
Dec. 11, 2006
1.
What is the melting point of ice under a polar glacier one mile thick?


Geothermal pressure gradient of ice: 
145 
atm/mile 


Vice :

20 
cm3/gmole 


Vwater :

18 
cm3/gmole 


H​fusion, ice

6,000 
Joules/gmole
2.
What electrical voltage would be required to electrolyze liquid NaCl at 1000 K to produce liquid Na and chlorine gas as shown below when 



2NaCl(l) = Cl2(g) + 2Na(l) 
      G°= 821,000 -182.5T  J/gmole

a)
All of the components are in their standard states?

b) The activity of Na relative to pure, liquid Na is 0.1; the activity of NaCl is 0.5 relative to pure, liquid NaCl; and the pressure of Cl2 is 10-4 atm?
3.
What direction would the below reaction proceed at 1000 K when the activity of Na relative to pure, liquid Na is 0.1;  the activity of NaCl is 0.5 relative to pure, liquid NaCl; and the pressure of Cl2 is 10-4 atm?



2NaCl(l) = Cl2(g) + 2Na(l) 
      G°= 821,000 -182.5T  J/gmole
4.
A bulk composition of 10 wt% SiO​2, 10 wt% Al2O3, and 80 wt% CaO is cooled from the melted state.
a) What is the first crystal to form?_______________ at what temperature? _______________

b) What is the second crystal to form?____________ at what temperature? _______________
c) What is the third crystal to form?_____________ _ at what temperature? _______________
d) What are the final three crystals?________________________________________________
e) What is the approximate temperature if 25% of the system is liquid (by weight) ___________ 

5.
a)
What is the internal energy change of a gas if, while expanding, it does 3000 J of work and gains 
500 J of heat?


b) 
How much heat must be added (or removed) to an ideal gas at 300 K undergoing a reversible isothermal compression from 1 atm to 10 atm?  Is it added or removed?
c) Determine the final temperature for an ideal diatomic gas at 300 K initially undergoing adiabatic compression from 1 atm to 10 atm?

5. 
Show how to find the equilibrium partial pressure of SO2 in a constant pressure sampling vessel at 1100 K if the vessel initially containing 1 moles of SO2, 14 moles of SO3, and 5 mole of O2.  The total pressure is 2 atm.


SO2(g)+ 1/2O2(g) = SO3(g)    K​eq at 1100 K  = 1.2
6.
Liquid Pb boils (i.e. its vapor pressure is 1 atm) at 2023 K.  It is sometimes said that Pb would “boil” on the surface of the planet Mercury.  If the maximum surface temperature of Mercury is 700 K, what would be the vapor pressure of Pb on Mercury?  The heat of vaporization of Pb may be assumed constant and equal to 186,000 J/gmole.

7.
Ellingham Diagram Questions:

a) What is the CO/CO2 ratio in equilibrium with Si and SiO2 at 1000 °C?

b) What is the equilibrium partial pressure of O2 for the reaction below at 1000 °C?

2Ca(l) + O2(g) =  2CaO(s)
c) What direction will the following reaction proceed at 1000 °C?


2Ca(l) + 2NiO(s) =  2CaO(s) + 2 Ni(s) 
8. Solution Thermo:

a) What equation relates one partial molar quantity with the other?

b) How does one obtain the partial molar quantity from the corresponding integral molar quantity?

c) How does one obtain the integral molar quantity from the partial molar quantities?

