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1. Questions on Cost, Conservation, and Concentration

a.
Sketch a curve showing how the amount of mineral resource changes with grade.


b.
Sketch a curve showing the Mass of material used per unit Gross Domestic Product for a nation as a function of its per capita Gross Domestic Product.


c.
Sketch the trend of inflation-adjusted unit cost of a typical metal during the 20th Century 


d.
Sketch the total amount of Cu (as elemental including compounds) on Earth over the 20th Century 







2.
Determine the degrees of freedom in each of the following systems:

a)
Solid Fe, Solid FeO, gaseous CO, gaseous O2, and solid C.

b)
Add gaseous N2 to the system (a).

c) Add solid Ni and sold NiO to the system (b).

d) The three solids: MgO, SiO2, and CaO at 1 atm
e) A system at a fixed temperature and consisting of ZnS, ZnO, SO2, and O2.

3.
List FOUR methods of producing metals from ores.  


a) Give one example of a metal formed by each method and


b) Write a brief (one sentence) description of the method cited.
4.
Refer to the attached ternary Phase Diagram for the MgO - SiO2 - CaO (M, S, C) system.  
Consider the batch composition indicated by the black dot near the bottom center of the diagram.
a) What is the Bulk Composition of the considered composition?


Characterize the system at the following temperatures:
b) 2300 °C - Use the first diagram below to show your construction, etc.
c) 2000 °C - Use the second diagram below to show your construction, etc.
d) 1800 °C - Use the third diagram below to show your construction, etc.
Show all your work on the following diagrams as indicated.  Use symbols for lengths.

b) 2300 °C
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F16. 598.—System CaO-MgO-SiO.; composite.

E. F. Osborn and Arnulf Muan, revised and redrawn “Phase Equilibrinm Diagrams of Oxide Systems,” Plate 2, published by the
American Ceramic Society and the Edward Orton, Jr., Ceramic Foundation, 1960.




c) 2000 °C
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F16. 598.—System CaO-MgO-SiO.; composite.

E. F. Osborn and Arnulf Muan, revised and redrawn “Phase Equilibrinm Diagrams of Oxide Systems,” Plate 2, published by the
American Ceramic Society and the Edward Orton, Jr., Ceramic Foundation, 1960.




d) 1800 °C

[image: image3.jpg]Ca0-MgO-SiO,

Si0p
[723°
I707° A\1703°
/ Crystalline Phases
Temperatures up to approximately 1550°C Notation Oxide Formula
are on the Geophysical Laboratory . .
Scale; those above 1550°C are on the CKIStObpllte} Si
1948 International  Scale. Tridymite 102
Pseudowollastonite - Cg0 ‘Si0p
Wollastonite - (Ca,Mg)0-Si0,
Two' Liquids Rankinite 3Ca0-2Si0p
Lime (Ca,Mg)0O
Periclase MgO
§ Forsterite . 2(Mg,Ca)0-Si0z
o1l gf°*°?(;‘5*°'”e (Mg,Ca)0-Si0,
R . i opside (CaMg)0-Mg0-2Si02
2 Akermanite . DG
/7 1600 — Merwinite 2Ca0-Mg0-2Si05
i
1470 % T == __— 1543° LS 3Ca0-Mg0-2Si0p
1436/ Tridymite == Monticellite (Ca,Mg)0-MgO-Si0p
Wollastonite R
S
‘ 6\6’)/ 1358 e
&3¢0l b=1430°
000-Si0p LS4 c=1436°
5445 V 260> 9714907
'45°° & B M0 250
1464/ 4007 e 0 MR 2
3000-25iog‘59° AV ' cMg0 - Si0e
> Sro—M 0 —? ~ 1900°
A RIS e \_\
2Ca0-Si0z e [LA0 M0-S10s——

~ 2130°

Y \3Ca0-M30 2505~
~ 2050 °© C028i94/ . #=

. ISOO;////
e INEEQ Co,Si0, | N%
3COO a SIOg £ \\ \8 e‘,le/so o ///
/ \\ L% 0.
~
Ny
~N
/4 N
~ \\
AN
/ 7 TN S N
/) N
\\\Lime
f ~
/ \\ N
\/\\ N \\ D
Ca0 MgO
~ 2570° ~2800°

F16. 598.—System CaO-MgO-SiO.; composite.

E. F. Osborn and Arnulf Muan, revised and redrawn “Phase Equilibrinm Diagrams of Oxide Systems,” Plate 2, published by the
American Ceramic Society and the Edward Orton, Jr., Ceramic Foundation, 1960.




5.  Write the mass balances required to solve the following problem:

A zinc flotation concentrate consisting of 90% ZnS and 10% gangue is roasted (burned) in air to ZnO without fuel.  The roaster gases contain 6% SO2 and 1% SO3, balance N2 and O2.  Give the mass balances needed to calculate the quantity of dry air fed to the roaster per kg of ZnS.  Please use the following variables for ease of grading:


x = gmoles of SO3 in the roaster (exit) gas

y = gmoles of SO2 in the roaster (exit) gas

u = gmoles of O2 in the roaster (exit) gas

w = gmoles of N2 in the roaster (exit) gas

z = gmoles of ZnO produced

n = gmoles of N2 in the air (input) 

p = gmoles of O2 in the air (input) 


Dry is used to “burn” roast the sphalerite.
EQ 1:   
Dry air ratio

n/p = 21/79  (  79n = 21p
EQ 2: Description of the equation’s basis (or source): ________________________________________

EQ 3: Description of the equation’s basis (or source): ________________________________________

EQ 4: Description of the equation’s basis (or source): ________________________________________

EQ 5: Description of the equation’s basis (or source): ________________________________________

EQ 6: Description of the equation’s basis (or source): ________________________________________

EQ 7: Description of the equation’s basis (or source): ________________________________________
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