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Dr. G. Norval


Graeme.norval@utoronto.ca
To:
CHE 324F Students

Process Simulation Tutorial #6
Remember
A process model is a set of mathematical equations used to describe a process.  A process can be modelled in a variety of fashions, depending on the goal.  A mass balance is all that is needed to determine the operating costs, and the value of the product.  A model may also be used to explore a process, to understand how and why it needs to occur.  This week, we will explore a different reactor model, in order to demonstrate the use of a model to investigate a process.

The Problem

The Stoichiometric and Gibbs reactor models define the maximum extent of a reaction, as well as determining the mass and energy balance for the system.  But, they do not determine the size of the reactor required.  To do this, a rate-based reactor model is needed.
The problem is to determine the size of a reactor needed to produce 100 tonne/day of cumene (isopropylbenzene).

The Solution

Open ASPENPLUS.  The chemicals are propylene, benzene and cumene; use a chemical system, and Peng Robinson EOS.

Connect 2 feed streams to a MIXER, with the product stream feeding an RPLUG reactor and add a reactor product stream.  
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Stream 1 is pure benzene (350C, 3000 kPa) and stream 2 is pure propylene at the same T and P.

In the left hand pane, look for the Reactions folder; we will create a new POWER LAW reaction (R-1).  The coefficients – are stoichiometric.  The exponents, are the power law exponents, for the rate law.
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The power law rate model
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The kinetics have a rate constant of
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, the reaction occurs in the gas phase, and the concentration units are mol/L. 
The reactor is adiabatic, with reaction R-1.  Select a reactor which is 10 m long by 0.1 m in diameter.
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Stream ID


1


2


3


4


Temperature


C


     350.0


     350.0


     348.3


     456.9


Pressure


bar


    30.000


    30.000


    30.000


    30.000


Vapor Frac


     1.000


     1.000


     1.000


     1.000


Mole Flow


kmol/hr


    10.000


    10.000


    20.000


    16.684


Mass Flow


kg/hr


   781.136


   420.806


  1201.943


  1201.943


Volume Flow


cum/hr


    14.194


    16.656


    31.268


    31.380


Enthalpy


Gcal/hr


     0.289


     0.115


     0.404


     0.404


Mole Flow


kmol/hr


 


 


 


 


  PROPENE


          


    10.000


    10.000


     6.684


  BENZENE


    10.000


          


    10.000


     6.684


  CUMENE


          


          


          


     3.316




Heat and Material Balance Table

Stream ID 1 2 3 4

TemperatureC      350.0     350.0     348.3     456.9

Pressure bar     30.000    30.000    30.000    30.000

Vapor Frac      1.000     1.000     1.000     1.000

Mole Flow kmol/hr    10.000    10.000    20.000    16.684

Mass Flow kg/hr   781.136   420.806  1201.943  1201.943

Volume Flowcum/hr    14.194    16.656    31.268    31.380

Enthalpy Gcal/hr     0.289     0.115     0.404     0.404

Mole Flow kmol/hr       

  PROPENE                10.000    10.000     6.684

  BENZENE     10.000               10.000     6.684

  CUMENE                                       3.316


Now – you can see the impact of adding cumene to the -1 exponent to the rate law.  Nothing happens (why not?).

Add a small amount of cumene to the feed, and investigate the impact on the process.  The combination of the negative exponent for cumene, and a trace amount in the feed cause there to be far more conversion.
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     635.6
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bar
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    30.000


    30.000


    30.000


Vapor Frac


     1.000


     1.000
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     1.000


Mole Flow


kmol/hr


    10.000


    10.000


    20.000


    10.488


Mass Flow


kg/hr


   785.344


   420.806


  1206.151


  1206.151
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cum/hr


    14.162


    16.656


    31.245


    24.480


Enthalpy


Gcal/hr


     0.288


     0.115


     0.403


     0.403


Mole Flow


kmol/hr


 


 


 


 


  PROPENE


          


    10.000


    10.000


     0.488


  BENZENE


     9.900


          


     9.900


     0.388


  CUMENE


     0.100


          


     0.100


     9.612




Heat and Material Balance Table

Stream ID 1 2 3 4

TemperatureC      350.0     350.0     348.3     635.6

Pressure bar     30.000    30.000    30.000    30.000

Vapor Frac      1.000     1.000     1.000     1.000

Mole Flowkmol/hr    10.000    10.000    20.000    10.488

Mass Flowkg/hr    785.344   420.806  1206.151  1206.151

Volume Flowcum/hr    14.162    16.656    31.245    24.480

Enthalpy Gcal/hr     0.288     0.115     0.403     0.403

Mole Flowkmol/hr       

  PROPENE                10.000    10.000     0.488

  BENZENE      9.900                9.900     0.388

  CUMENE      0.100                0.100     9.612
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