CHEG 3810
Lab  11  --- November 18 & 23, 2009
This lab introduces the reactor model that can work with kinetic rate expression.   As you may know from physical chemistry (and will get in great detail in CHEG 4100), many chemical reactions can be represented by the following reaction rate form:

Reaction Rate = 
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where 
  
ko is called the frequency factor or pre-exponential
E is the activation energy 

R is the gas constant

T is the absolute temperature

Ci is the concentration of reactant species “i” in the reaction

n is the stoichiometric coefficient for species “i”

Two ideal reactors are the well mixed vessel (CSTR) and the plug flow reactor (PFR).  In the well mixed vessel, the contents of the exit stream are identical to the contents of the vessel. In the PFR, the fluid moves in a “plug” down the reactor with no axial mixing, but complete mixing in the radial direction.  In ChemCad, the “kinetic” unit operation handles both CSTR and PFR reactors.  In Aspen, the RCSTR is the CSTR and RPLUG is the PFR.

The goal of this lab is to model the following two reactions in a 1 m3 CSTR operating isothermally at 500kPa to determine the temperature that maximizes the production of monoethylaniline:
Rxn 1:   C6H5NH2  + C2H5OH  (  C6H5NHC2H5 + H2O


  Aniline           Ethanol        Monoethylaniline

Rxn 2:  C6H5NHC2H5 + C2H5OH ( C6H5N(C2H5)2 + H2O


Monoethylaniline                  Diethylaniline

Data for the reactions are:

Rxn 1:   ko = 1.5*1010 L/(mol s)        E = 40000 J/(mol K)    
Rxn 2:   ko = 1.0*107  L/(mol s)         E = 33256 J/mol K)     
The feed stream in 3000 kmol/hr at 273 K and 500 kPa containing 66.7 mol% ethanol and 33.3 mol% aniline.
Submit a memo with the estimated optimum temperature and any data that supports your rationale for this temperature.  Also submit the .cc6 or .bkp file.

20% Bonus:  What is the optimal temperature for a PFR reactor of the same volume as the CSTR.   You will need a tube diameter to specify the reactor – choose one such that the flow is turbulent (Re > 4000)  (Post lab update  --  use Re > 200000 to get a reasonable diameter and length.)
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