MES 601 Fundamentals of Materials Engineering
Test 4 – late after December 19, 2008

1.  Leaching of a metal sulfide, <M2S> mineral is desired.  Leaching has been performed in acidic environment with varying amounts of oxygen.  In particular, at low oxygen pressure, the rate of {M+} appearance in solution is a function of both the pH and the oxygen pressure.  At high oxygen pressure, the overall reaction rate is not a function of oxygen pressure.  Propose a reaction mechanism that accounts for this behavior.  Describe the experiments that would be needed to determine if your mechanism is accurate.

2.
Hydrogen ions are often used to leach metal oxides as can be seen from the Eh-pH diagrams given in test 3.  Both nickel and copper have significant regions of metal ion predominance at relatively low pH values – below about pH=6 for both metals.  For the metal oxide <MO2> being leached to {M4+}:

a.
Write the reaction and the likely rate expression assuming an irreversible reaction.

b.
The table below contains the results of a kinetic experiment at 300 K.  Determine the rate constant and order of reaction with respect to hydrogen ions.

c.
If the Arrhenius activation energy was 14 kcal/mole, what is the {H+} and {M4+} five minutes after the oxide is placed into a pH = 2 solution at 335 K.

d.
Is the assumption of irreversibility reasonable?  Why or why not.

	Time, min
	0
	2
	4
	6
	12
	24

	{H+}, M
	1
	0.88
	0.76
	0.66
	0.44
	0.20


3.
a.
The overall rate of reaction between two species doubles when the concentration of the first reactant is doubled, while the concentration of the second reactant is held constant.  When the second reactant concentration is doubled with the first reactant concentration constant, the rate is increased by a factor of ~1.4.  What is the order with respect to each reactant and what is the overall reaction order?

b.
For a reaction, the length of time it takes for the concentration to drop to a specified fraction is independent of the initial concentration.  What is the order of this reaction?

c.
Consider a reaction that is third order overall, but first order in each of three reactants.  If two of the reactants are in much greater concentration than the third, show the correct functional form by which the third reactant decreases with time (ie write the rate equation).


d.
For a heterogeneous reaction system, the diffusion coefficient of the diffusing ion in water has been found to be 10-6 m2/s.  If the diffusion boundary layer thickness is 10 m, what fluid velocity would give an equivalent reaction rate on a 10 cm long plate; also, what particle size of spheres would yield the same reaction rate, assuming the particles are falling in the fluid at their terminal velocity in laminar flow?  Is the assumption of laminar flow a reasonable assumption?
4.
A proposed method for the reaction N2O5 → 2 NO2 + ½ O2 is
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(reversible, with k+ and k- as the forward and 
backward rate constants)
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Apply the steady state approximation for intermediates to show that
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Also, show how k in the final rate expression is a function of k+, k-, k2 and k3
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