MET 310

AQUEOUS EXTRACTION, CONCENTRATION

AND RECYCLING 

Spring, 2008

Sample First Test
Multiple Choice – mark the correct answer/answers – 3 points per question
1.
Martin’s diameter is determined by:

a) measuring the terminal velocity of the particles in question

b) finding the largest size sieve opening the particle passes

c) averaging the maximum and minimum particle diameters determined by optical microscopy

d) choosing a measurement direction and dividing the particle into equal area portions in the chosen direction
answer is d

2.
The shape factor (as defined in this class by the term Ψ) of a mica particle is _______ compared to sand particles of the same size.

a) larger in magnitude


b) smaller in magnitude


c) equal in magnitude


d) opposite in sign

answer is b

3.
The relationship between iron metal and the water stability region of an Eh-pH diagram calculated at 298 K, is

a) slight overlap of the iron metal stability region and the water stability region


b) complete overlap of the regions


c) no overlap of these regions


d) considerable but not complete overlap

answer is c

4. 
The MacInnes (mean salt) method for determining activity coefficients assumes:

a) the cation activity coefficient equals the activity of sodium ions at the same ionic strength
b) the chloride activity coefficient equals that of chloride in sodium chloride at the same ionic strength

c) the chloride activity coefficient equals the activity coefficient for potassium chloride at the same concentration

d) that ions are point charges in solution

answer is c
5.
The addition of the salt MgSO4 would _______ the solubility of oxygen gas in water compared to NaCl, both added at the same concentration

a) increase

b) decrease

c) not alter 

answer is b
6.
Which if the following is NOT an assumption used to Eh-pH diagrams for leaching applications

a) constant ionic strength


b) constant concentration of ionic species


c) activity coefficients of all ionic species are one


d) Equilibrium has been attained

answer is a
Fill in the blank with the answer that best applies to the question (4 points each)

7.
As the concentration/activity of an ion that complexes a metal ion increases, the number of the complexing ions _increases_ in the metal-ion complex
8.
In Raoult’s law, the value of the activity coefficient of the __solvent___ takes the value of one

9. 
Laminar flow around settling particles occurs when the _Reynold’s number_ is less than 0.2

10,11.
As more ions are added to solution, the ionic strength ___increases_ and the Debye length _decreases_

Referring to the Fe-H2O Eh-pH diagram, 

12.
at pH=3 and Eh=0.25 volts, the predominant species is __Fe2+______

13.
Fe2O3 can be leached by __lowering__ the pH

14.
For the leaching of Fe2O3 to Fe+3 involves ___zero_ electrons
Short answer questions – point values are given with each question

15.
Copper has two ions that could exist in water solution, Cu+1 (Gf=12.0 kcal/mole), and Cu+2 (Gf=15.53 kcal/mole).  A) Find the Eo value for the three reactions that are possible between the copper species and B) show and describe which species are stable.  (15 points)
Solution:
<Cu>={Cu+}+e
GRo=Gf,iono=12.0 kcal/mole



<Cu>={Cu2+}+2e
GRo=Gf,iono=15.53 kcal/mole



{Cu+}={Cu2+}+e
GRo=Gf,R2o-Gf,R1o=15.53-12.0=3.53
A.

GRo=nFEo  for copper(I) ion Eo=-(12,000)/[(-1)*(23061)=0.52 Volts
GRo=nFEo  for copper(II) ion Eo=-(15,530)/[(-2)*(23061)=0.34 Volts

GRo=nFEo  for copper(I) to copper(II) Eo=-(3,530)/[(-1)*(23061)=0.15 Volts
B.


[image: image1]
From the diagram, since copper metal (<Cu>) is the lowest oxidation state of copper, this species must be located at the bottom of the diagram.  Therefore, the line dividing the two ions at Eh=0.15 occurs before either ion is stable with copper and is therefore not stable.  To compare copper metal with its two possible ions, copper metal to copper(II) occurs at lower Eh than copper metal to copper(I).  Thus, copper metal is oxidized to copper(II) ions before any copper(I) ions are formed, and copper(I) ions are not stable at room temperature without complexation.
16.
The solubility product of silver sulfate is Ksp = 1.25x10-5.  Determine the concentration of silver ions in solution assuming no silver or sulfate is present in the solution except by dissolution of silver sulfate.  If 10-4 molar Na2SO4 were added to solution prior to silver sulfate dissolution, what is the concentration of silver ions in solution.  State any assumption you made.  Note, assuming the activity coefficients are equal to 1 for all calculations is not an acceptable assumption.  (25 points)
This problem is solved on pages 76-78 in your textbook, so I won’t cover here

17.
Describe what would happen if copper metal and iron metal are placed together in a water solution at (5 points each):  


a) pH 2.5 and Eh 0.5
b) pH 11 and Eh -0.1

solution to a)

individually, copper metal would be leached to copper(II) and iron leached to iron(II).  However, because the relevant iron leaching reaction has a lower Eo than the copper leaching reaction, the copper(II) ions will want to react with the iron metal (this is called cementation).  Whether or not the copper metal re-leaches and whether the iron metal will keep leaching has to do with the relative amounts of copper and iron metal and whether the solution is flowed through the system, and whether the Eh is held constant or can move.  
Solution to b)

Individually, copper metal is not oxidized under these conditions, while iron rusts to Fe2O3 (Fe(OH)3).  There should be little or no interaction of these compounds.
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Cu-H2O Eh-pH diagram – this would be of higher quality on the test.
Equations and other important material
log(So/S) = KiCi
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A = 0.509; B=0.3281x108; G=Go+RTlnKeq; G=-nFE; 
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aA+bB=cC+dD;   
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a<A> + b{B } + m{H+} + ne- = c<C> + d{D}
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ionic radius, a=2.5x10-8 cm for Ag+; a =4x10-8 cm for SO4-2
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for most real particles; Kg=2-3 for most real particles
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