
ME529 Combustion and Air Pollution – HW #6 -- Combustion Kinetics

1. The decomposition rate of nitrogen oxide in the presence of hydrogen has been studied at 826°C.  The overall reaction is:
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Data are:
	
	Initial pressure of H2
	Initial pressure of NO
	Initial rate

	Run
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 (kPa/sec)

	1
	53.3
	40.0
	0.137

	2
	53.3
	20.3
	0.033

	3
	38.5
	53.3
	0.213

	4
	19.6
	53.3
	0.105


a) What is the order of the reaction with respect to H2?

b) What is the order of the reaction with respect to NO?

c) Write out an expression for the rate of reaction in terms of species concentrations.  
d) Assume that the gas mixture is ideal, write the rate of reaction expression in terms of pressure.
2. The decomposition of nitrogen dioxide in the absence of inert gas is
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Values of the rate constant kf at different temperatures are:

	T(K)
	kf (cm3/mol sec)

	592.0
	498

	603.5
	775

	627.0
	1810

	651.5
	4110

	656.0
	4740


a) What is the order of this reaction?

b) What is the rate of decomposition of nitrogen dioxide at 592 K if the initial nitrogen dioxide concentration is 0.0030 mole / liter?

c) What is the activation energy of this reaction?

3) In class we wrote out the concentration - time relationships for each species in the following consecutive reactions:
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Plot [A], [B], and [C] as functions of time with [A]o= 1 mol/lit and [B] o = [C] o= 0 mol/lit for different values of the reaction rate constants (for example, how do these plots change if k1 < k2 or if k1 > k2?).  

When does the steady-state hypothesis apply to these reactions? Which species is affected? Plot [A], [B], and [C] as functions of time under steady-state conditions.

Bonus: Do the complete derivation of the concentration – time relationships.  This requires the solution of a linear ordinary differential equation using an integrating factor, or setting up a matrix and solving an eigenvalue problem.
4. Prepare a 200-word (1-page) abstract of your term project.  If you plan to conduct a literature search, describe the topic of the search and why you are interested in this topic.  If you plan a project based on your current research interests, provide a title and overview.
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