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

Process Simulation Tutorial #5
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

Sulfuric acid is largest commodity chemical produced globally.  It is an example of an equilibrium-controlled process.  In this case, we will develop a model for such a plant.  The raw materials are elemental sulphur and air.

The Solution

The chemistry involves three reactions:
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S +O2 → SO2



SO2 +1/ 2O2 ⇔ SO3



SO3 + H2O→H2SO4
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Create a new simulation, gas processing with metric units, and enter the species, and use the IDEAL EOS.
The first unit is a sulphur burner.  It is an adiabatic reactor in which S plus air are added, giving SO2.  The air is compressed to 1.9 bar pressure, and the reactor runs at that pressure.  Create these blocks and execute them.  The elemental sulphur enters at 140C and 2 bar (750 tonne/day).  There is 100% conversion of the S to SO2.  
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We need 20% stoichiometric excess air, for the process; it enters at 25C and 1 bar, and is compressed to 1.9 bar.

Once the model runs, we need to add an equilibrium reactor.  This is an RGIBBS, which is a free energy minimization reactor.  We will let this run at 1.8 bar and adiabatic (DUTY = 0).  Because it is an equilibrium reactor, we need not add reactions – the model uses whichever reactions it wishes, to get to equilibrium.
[image: image3.emf]COMP1


SBURNER


1


2


3


4


RX1


5




COMP1

SBURNER

1

23

4

RX1

5


Once it has run, take a look to see how much SO2 is converted.  SO3 is favoured at low temperatures.  The catalyst needs to be at ~400C to be active.  So, we need to cool the gas to 400C, and then see if we get anything better.
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When I use 3500 tonne/day of BFW, I generate superheated steam, and cool the gas to 400C.  I reach equilibrium, at 610C and 77% conversion of SO2 to SO3.
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Heat and Material Balance Table

Stream ID 1 2 3 4 5 6 BFWIN STEAM1

Temperature C      140.0       25.0     107.9    1413.7     400.0     609.8       80.0     182.4

Pressure bar      2.000      1.000     1.900      1.900     1.900     1.800      5.000     5.000

Vapor Frac      0.000      1.000     1.000      1.000     1.000     1.000      0.000     1.000

Mass Flow tonne/hr     31.250   300.525   300.525   331.775   331.775   331.775   145.833   145.833

Volume Flow cum/hr     15.560258082.564173693.343769188.475307011.595409810.780   155.277 59771.770

Enthalpy Gcal/hr     44.044     -0.020     6.011    50.055   -39.894   -39.894  -547.630  -457.682

Density kg/cum   2008.358      1.164     1.730      0.431     1.081     0.810   939.182     2.440

Mole Flow MMscmh               

  S      0.022                                                 trace                     

  SO2                                       0.022     0.022     0.005                     

  SO3                                                             0.017                     

  O2                 0.049     0.049      0.027     0.027     0.019                     

  N2                 0.184     0.184      0.184     0.184     0.184                     

  H2O                                                                        0.181     0.181

  H2SO4                                                                                        

*** VAPOR PHASE ***                

Mole Flow MMscmh       0.233     0.233      0.233     0.233     0.225       0.181

Volume Flow cum/hr   258082.564173693.343769188.475307011.595409810.780   59771.770

Compressibility        0.999     1.000      1.000     1.001     1.001       0.975

HeatCapRatio        1.401     1.398      1.284     1.342     1.303       1.344


I could absorb the SO3, and be finished.  Unfortunately, the gas has 23% SO2 remaining, which is more than what is allowed to be emitted.  The regulations are for 99.5% conversion.

So, we need to cool the gas again, and then add another reactor.  This gets us close.
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Finally, we cool the gas to 40C (use a heater block).  Then use an RGIBBS, with a stoichiometric amount of water added.  Then add a FLASH2 BLOCK to separate the gas from the liquid.

Something New - Units
Now that the simulation has converged – we need to interpret the units.  You can have ASPEN provide compositions in a variety of unit choices.  In SIMULATION, go to the SETUP Folder, then select Report Options.  We can ask it to report both mass and mole fractions, and we can change the default units used for reporting (CHEM-M is more typical for us).
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Heat and Material Balance Table

Stream ID 11 1213

Temperature C      40.0      40.0      40.0

Pressure bar     1.700     1.700     1.700

Vapor Frac      1.000     1.000     0.000

Mole Flow MMscmh     0.176     0.154     0.022

Mole Flow VAPORMMscmh     0.176     0.154 

Mass Flow tonne/hr   289.235   193.604    95.631

Volume Flow cum/hr120173.368105219.305    52.769

Enthalpy Gcal/hr  -170.140     0.709  -184.390

Mass Flow tonne/hr     

  S                               

  SO2      trace                    

  SO3      0.002     0.001   < 0.001

  O2      9.221     9.219     0.002

  N2    184.422   184.382     0.040

  H2O      0.008     0.002     0.006

  H2SO4     95.581   < 0.001    95.581

Mass Frac      

  S                               

  SO2      trace                    

  SO3      6 PPM     7 PPM     4 PPM

  O2      0.032     0.048    26 PPM

  N2      0.638     0.952   419 PPM

  H2O     29 PPM    10 PPM    68 PPM

  H2SO4      0.330   870 PPB     0.999

Mole Flow MMscmh     

  S                               

  SO2      trace                    

  SO3      trace     trace     trace

  O2      0.006     0.006     trace

  N2      0.148     0.148   < 0.001

  H2O    < 0.001     trace     trace

  H2SO4      0.022     trace     0.022

Mole Frac      

  S                               

  SO2      trace                    

  SO3      3 PPM     3 PPM     5 PPM

  O2      0.037     0.042    78 PPM

  N2      0.839     0.958     0.001

  H2O     60 PPM    16 PPM   369 PPM

  H2SO4      0.124   250 PPB     0.998

*** VAPOR PHASE ***     

Mole Flow MMscmh     0.176     0.154 

ZMX      1.000     1.000 

VMX cum/hr120173.368105219.305 

CPCVMX      1.298     1.400 


Reflection

The simulation is a mathematical model.  We start simple, and add complexity.  We add the process units one at a time, after checking to make sure that the results make sense.  And, as we interpret the results, we can start to check various cases.
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