MES 692 Heterogeneous Kinetics

Test 2 – due Friday December 11, 2009, late as of December 18, 2009
Do 4 of the 5 questions


1.	What is the optimal fractional surface coverage for a nonuniform catalyst surface if =2/3 rather than ½?

2.	As a reaction sequence does not need an RDS, consider this with respect to the reduction of N2O with CO over a 4.9% Cu/Al2O3 catalyst.  The reaction was run at several temperatures, but the rate was more rapid than N2O decomposition at 523 K.  The following reaction sequence of elementary steps was proposed (QE stands for quasi-equilibrated):



_____________________________



a) write the full site balance, and derive the rate expression
b) Using the rate expression, the rate parameters given below were determined.  What are the entropies and enthalpies of adsorption for N2O and CO?  Do they fit the limitations given in class?

	T 
(K)
	Lk1 (moles/s/g)
	KN2O 
(1/atm)
	KCO 
(1/atm)
	d
	L2/k2

	448
	16.3
	0.91
	1.10
	0.33
	200

	473
	48.9
	0.26
	0.36
	0.36
	449

	523
	221
	0.20
	0.13
	0.87
	15,030

	573
	2100
	0.05
	0.09
	0.15
	123,000


d=(k1KN2O)2/(k2KCO)









3.	Using the data at 363 K and 403K, can you distinguish whether this data fits the Langmuir, Freundlich or Temkin isotherm best at each temperature?  If so, show which is best obeyed and if not what data is needed to distinguish the isotherms.


	
	Benzene uptake at each temperature (mole benzene adsorbed/g silica)

	P (atm)
	343 K
	363 K
	383 K
	403 K

	1x10-3
	220
	112
	45
	20

	2x10-3
	340
	180
	78
	39

	5x10-3
	680
	330
	170
	86

	1x10-2
	880
	510
	270
	160

	2x10-2
	-
	780
	420
	260


Data from J. Shen and JM Smith, Ind. & Eng. Chem: Fund, vol. 7, p 100, 1968

4.	Use the steady-state approximation and derive the rate expression for the following sequence of elementary steps describing a chain reaction.




5.	Kircher and Hougen studied NO oxidation, 2NO+O2->2NO2, over activated carbon and SiO2 in the presence of water and proposed a Rideal-Eley mechanism between O2 and (N2O2)adsorbed, which gave a rate expression of:

	
	Temperature
	303 K
	318 K
	333 K

	
Activated C
	k
	3,500
	5,300
	5,500

	
	KNO2 atm-1
	23
	35
	75

	
	KH2O atm-1
	287
	339
	301

	
SiO2
	k
	251
	114
	63

	
	KNO2 atm-1
	61
	20
	11

	
	KH2O atm-1
	1,020
	206
	54




The values for the rate constants given below were reported.  Properly write the elementary steps implied.  Does the reaction sequence suggested appear to be reasonable?  Why or why not?
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