MES 692 Heterogeneous Kinetics

Test 1 – due Monday November 30, 2009
Do 4 of the 5 questions


1.	The decomposition of acetaldehyde (CH3CHO) to methane and carbon monoxide has been found to be 3/2’s order in acetaldehyde.  The fractional order is often associated with dissociation reactions.  An intermediate is formed in the process and ethane is produced.  Write a reaction mechanism that correctly accounts for these facts and determine the production rate of methane.

2.  	A boron-doped carbon was prepared by adding 0.1 wt% B to graphitized carbon black at 2773 K in Ar gas.  The surface area was to be determined and the data in the accompanying table was collected.  What is the surface area of this material?  If the heat of liquefaction of the N2 is 1.34 kcal/mole, estimate the heat of adsorption for N2 on this material.  What are the coverage fractions for the bare surface, the first layer and the second layer at 86.2 Torr?  P0(80 K)=732 Torr.  760 Torr=1 atm.

Data for Problem 2
	P 
(Torr)
	26.8
	86.2
	140.7
	190.0
	232.1
	278.0

	Uptake (moles/g)
	1166
	1286
	1395
	1511
	1636
	1793


Data from KJ Yoon, PhD Dissertation, Penn State, 1982

3.	The reforming of CH4 with CO2 to form CO and H2 has been examined on a number of catalysts.  At 723 K, carbon dioxide and methane pressures of 200 Torr each and a total pressure of 1 atm, the data in the accompanying table for the rate of carbon dioxide reaction was measured.   The catalysts, before use, were sieved to -70+100 mesh and typically have a density of about 1 g/cm3.  The measured pore diameter is also given in the table.  

	a) determine the W-P number for each catalyst system.  
	b) should one be concerned about pore diffusion limitations in any of these systems? 
Why?
c) if the observed reaction order is first order in all systems, calculate the effectiveness 
factor and the Thiele modulus in all systems.
d) does the rate data correspond to the Sabatier Principle?

Data for Problem 3
	Catalyst System
	Rate (moles/s/g)
	dp (nm)

	Ni/SiO2
	42.6
	18

	Pt/ZrO2
	9.9
	14

	Rh/TiO2
	118
	20

	Ru/Al2O3
	237
	20


Data from CMJ Bradford, PhD Dissertation, Penn State, 197

4. The following data have been reported for benzene adsorption on silica gel.

	a) does the data fit a single-site (non-dissociative) or dual-site (dissociative) Langmuir 
isotherm better?
b) assuming single site adsorption, calculate the enthalpy and entropy of adsorption.
c) what is the uptake at monolayer/saturation coverage at each temperature?

	
	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

5. The rate for a homogeneous liquid phase reaction A->R is given by the equation,                      -rate =kCA2. k=0.0033 (1/sec)(l/mol)1.5 and CA is in mol/l.

	a) estimate the size of a plug flow reactor that can handle 100 gallons/hour at CA,o=2 
mol/l.  The desired fractional conversion is 0.9.  What would be the size if the desired 
conversion were 0.85?

b) If a CSTR were used instead of the PFR, what is the CSTR reactor size needed to 
achieve 0.9 fractional conversion?  If the same size CSTR as PFR were used, what would 
be the fractional conversion?

