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Periodic Table – Atomic Masses	
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You have finished your bachelors’ degree, congratulations, and showing your 
intelligence once again you have decided to forgo graduate school and go to 
work in the real world. You have two companies, LexCorp and Wayne Industries, 
fighting for your services, because of your vast knowledge in materials 
processing gained from MSE 120. You have decided to take the position at 
Wayne Industries, because while Mr. Wayne is not overly friendly you do not get 
the feeling that he is a criminal, which you got from Lex Luthor of LexCorp.  Also 
this gives you a chance to work with Lucius Fox a fantastic scientist/engineering.  
 
	
  
	
  

1. (20 pts.) General Materials Production 
 

Prior to turning you lose on the problem they want you to solve Mr. Fox 
asked you some basic questions relevant to materials processing.   
 
(Circle the correct answer. If it is not clear what you are circling you 
are wrong!) 
 
 
 

a. (2 pts) The Bronze Age followed the Iron Age because early 
metallurgist exhausted the supply of iron.  

i. True 
ii. False 

 
 
 
 
 

b. (2 pts) Almost all of our inorganic materials are derived from the 
Chalcosphere.  

i. True 
ii. False 

 
 
 
 
 

c. (2 pts) An element, for which the line in the Ellingham diagram for 
oxides is lower than the line for a second element, will readily 
reduce the oxide of the second element.  

i. True 
ii. False 
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d. (2 pts) In carrying out an enthalpy balance the heat generated (or 

consumed) by any chemical reactions should be that at the 
reference temperature, rather than the actual temperature at which 
the reaction proceed.  

i. True 
ii. False 

 
 
 
 
 

e. (2 pts) When a system undergoes a change, more work is done by 
the system if the change is carried out reversibly, than when the 
change is carried out irreversibly.  

i. True 
ii. False 

 
 
 
 
 
 

f. (5pts.) In the production of metals the most important reducing 
agent (in terms of tons used per year by the industrialized nations) 
is  
 

i. Hydrogen 
ii. Carbon 
iii. Nutrasweet 
iv. Oxygen  
v. Sulfuric acid  
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g. (5pts.) The statement “At equilibrium a system is at the minimum 

Gibbs’ free energy.” Is 
 

i. Always true 
ii. Always false 
iii. True provided the minimum is with respect to other states at 

the same pressure 
iv. True provided the minimum is with respect to other states at 

the same temperature and pressure 
v. None of the above 

 
 
 
 
 

h. (5pts.) Consider a component of a solution that can also exist in the 
gas above the solution. At equilibrium one variable is the same in 
the solution and the gas. That variable is 
 

i. The activity of the component 
ii. The concentration of the component  
iii. The standard state of the component 
iv. The activity coefficient of the component 
v. The chemical potential of the component  

 
 
 
 
 
 
 

i. (5pts.) The rate equation for a reaction, A + B = C + D is found to 
be ℜ = 𝑘!𝐶!! − 𝑘!𝐶!. The reaction is probably 
 

i. Homogeneous and reversible 
ii. Heterogeneous and irreversible 
iii. First order in A 
iv. Obeying Lanmuir-Hinshelwood kinetics 
v. Heterogeneous and reversible 
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2. (20 pts.) Resources 
 
Having impressed Lucius Fox with your ability to answer fundamental 
questions about materials processing. He tells you what project you are 
going to be working on. About 30 years ago a swarm of meteors hit 
Kansas and brought with it a mineral/element, which was not known to the 
earth prior to the meteor strikes. The new element is called kryptonite, and 
has been very difficult to purify. Mr. Fox is interested in how you would 
start processing the meteorites and how much you think the refined 
element would be worth.  

  
The average meteorite piece that made it to the surface of the earth is 1 
meter in diameter. With some cleaver characterization it has been 
determined that the average size of the kryptonite crystals is 1cm.  

 
i. (5 pts) What would be the first step in processing the 

meteorite to extract the mineral of interest? (Short answer) 
 
 

Physical Processing: Crushing, with jaw crusher 
     Grinding, with ball mill. 

 
 
 

ii. (5 pts) When processing by pyrometallurgy what would be 
the desired average size of the rock to be processed? 
(Short answer)  

 
 

The desired size of the rock should be of the order of the 
average kryptonite crystal size. Thus ~1cm.  

 
 
 

iii. (5 pts) It has been estimated that the total weight of the 
meteorite is 3,000,000 kg and that the kryptonite continued 
in the meteorites is 250kg, what is the grade? (Calculation)   

 
250kg/3000000kg * 100 = 0.00833% 

 
iv. (5 pts) Knowing the ore grade can you give an estimate of 

the cost of the kryptonite? (Calculation)  
 

C = 10/grade = $1,200/kg 
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3. (30 pts.)  
A chemical analysis of the kryptonite-containing mineral shows that it is 
bonded to sulfur as a sulfide (KyS, Ky = kryptonite). Your job is to figure out 
how to extract kryptonite from the minerals in the meteorite. 
 
 
 

a) (5 pts) Knowing that the kryptonite is in the form of a sulfide and that 
kryptonite has a high affinity for oxygen what type of processing would 
you do? (Short answer)  

 
 
 

Roasting. (3/2) 
 
Heat up KyS in a crucible with oxygen or air. KyO will form via the 
equation:  
 

     KyS(s) + 2O2(g) = KyO2(s) + SO2 (g)    (2/3) 
 
 
 
 

 
b) (5 pts) One of your 

coworkers has suggested that it should 
be possible to reduce KyS to Ky in a 
crucible of MgS. (short answer reference 
the Ellingham diagram below)  
 
Not possible. (2)  
Looking at the Ellingham diagram, Ky+S 
= KyS is always lower than 2Mg +S2 = 
2MgS. (2) 
Therefore, at any temperature and 
pressure, KyS is thermodynamically more 
stable than MgS. Thus, for any reduction 
reaction, MgS will be more favorably 
reduced to Mg before KyS goes to Ky. 
Which will render the reduction of KyS 
impossible (1).  

 
 
 
 
 

Ky	
  +
	
  S	
  2Mg	
  +	
  S2	
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c) (5 pts) Knowing that the KyS will react with oxygen and produce an 

oxide and sulfur dioxide, write the balanced chemical reaction.  
 
 
 

KyS (s) + 2O2 (g) = KyO2 + SO2 (g)  (5)  
 

KyS (s) + 3/2O2 (g) = KyO2 + SO2 (g)  (5)  
 
 
 

d) (5 pts)  For your equation in part (c) writes the equilibrium constant 
assuming that the solids are not pure.  

 
 
 

𝐾 = !"#$%&'(
!"#$%#&%'

= !!"!!!!"!
!!"#!!!

= !!"!!!!"!!!!"!
!!"#!!"#!!!

            (5) 
 
                                    =    !!"!!!!"!

!!"#  !!!
                                                       (5)       

     
  (4) for just the activities.  
  (3) for correct general idea.  
 
 

e) (5 pts)  Assuming that the processing will occur at 1200K, the solids 
can be treated as pure and the oxygen partial pressure of .25 atm, the 
R = 8.31447 J mol-1 K-1. What is the partial pressure of SO2? 

 
 𝐾 = 𝐸𝑥𝑝 △!

!"
= !!"!

!!!
 

 
Δ𝐺 = −700𝑘𝐽/𝑚𝑜𝑙 

 
 
  Plug in the numbers and you can get:  
 
 
 

𝑃!"! = 1.91 ∗ 10!"𝑎𝑡𝑚 
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f) (5 pts) Would this reaction go to completion? Justify your answer in 

terms of the equilibrium constant.  
 
 
Yes it will. (2) 
The value of the equilibrium constant is many times above 10.  (3)  
 
 

4. (20 pts.)  
a) (10 pts) You have converted the sulfide to an oxide. Through traditional 

pyrometallurgy processes you find that the oxide KyO2 is reduced to 
Ky2O3 when reacted with carbon monoxide at 1400K and atmospheric 
pressure. Calculate the standard heat (enthalpy) of reaction for this 
process.  

 
a. The standard enthalpies at 1400K are:  

i. KyO2   -802   (kJ/mol) 
ii. Ky2O3   -1086 (kJ/mol) 
iii. CO   -112   (kJ/mol) 
iv. CO2  -394   (kJ/mol)  

 
 

2KyO2 + CO = Ky2O3 + CO2 (5) 
 
Δ𝐻!"# = Δ𝐻!"!!! + Δ𝐻!!! − 2Δ𝐻!"!! − Δ𝐻!"  (3)  

 
Δ𝐻!"# = 236  kJ/mol      (2)  
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b) (10 pts) Now you are going to attempt to process this compound by 

interconnecting three unit operations, as shown below. Two are perfectly 
mixed, while the third is plug flow. Prior to placing the kryptonite mineral in 
the system you run a test with a tracer. At t = 0 a small amount of tracer is 
introduced instantaneously at point A. Sketch the plot of tracer 
concentration at point B versus time. Be sure to label your plot. 

 
 

 
 
 

 
 

Tracer 
Concentration 

0.1 

100s time 

	
  

	
  

1000/10	
  =	
  100s 

(2) 
(3) 

(2) 

(3) 

	
  

	
  

	
  

A B 

10kg/s 

20kg/s 

PLUG	
  FLOW 
Hold	
  up	
  =	
  1000kg 

PERFECTLY	
   
MIXED 
Holdup	
  =	
  500kg 

PERFECTLY	
   
MIXED 
Holdup	
  =	
  200kg 
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