
ChemSep Tutorial: Simple (Multicomponent) Distillation 

Harry Kooijman and Ross Taylor

In the material  below we illustrate the use of  ChemSep to solve a multicomponent distillation 
problem posed by  J.D.  Seader  [Perry’s  Chemical  Engineers  Handbook,  7th Edition  (1986)].  The 
results  here  differ  only  very  slightly  from  those  obtained  by  Seader  (almost  certainly  due  to 
differences in physical property models).

The specifications for this problem are summarized in the figure below.
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The specifications made in this case are summarized in the table below:

Variable Number Value
Number of stages 1 11
Feed stage location 1 6
Component flows in feed c = 5 5, 15,25,20,35 lbmol/h
Feed pressure 1 120 psia
Feed vapor fraction 1 0

Pressure on each stage including condenser and reboiler N = 11 120psiajP =

Heat duty on each stage except reboilers and condensers N - 2 = 9 0jQ =

Vapor flow to condenser (replaces heat duty of reboiler) 1 2 175 lbmol/hV =
Distillate flow rate (replaces heat duty of condenser) 1 D = 48.9 lbmol/h
Total 31

In addition, we have assumed that the pressure of the reflux divider is the same as the pressure of 
the condenser, the heat loss from the reflux divider is zero, and the reflux temperature is the 
boiling point of the condensed overhead vapor.

The entry of these specifications into ChemSep is shown in the screen images that follow.

Component Selection
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Operation

We select an Equilibrium Column and  create a column configuration to match that above where 
we summarized the specifications.

Properties
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The Peng-Robinson equation of state was selected to estimate K-values and enthalpy departures 
(as opposed to the De Priester charts by Seader  who solved this problem using the Thiele-Geddes 
method). 

It can be seen that we have loaded the binary interaction parameters from the library that comes 
with ChemSep. Missing parameters will be assumed to be zero. (This is probably a safe assumption 
in this example, but it will not always be wise to make this assumption and every effort should be 
made to find binary interaction parameters if they are not available in the library).

Feeds

Pressures

The pressure is assumed constant throughout the column.

There are no heaters or coolers in this example so this panel is quickly completed (and, therefore, 
not shown).  The stage efficiencies are assumed equal to their default value of 1. 
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Column Specifications

Seader  specified  the  flow  rate  entering  the  condenser  and  the  distillate  flow  rate.  This 
combination is  a little unusual  in that both specifications involve flows around the top of the 
column. ChemSep normally expects one specification for the top and another specification for the 
bottom  of  the  column.  The  specifications  chosen  by  Seader  allow  us  to  easily  calculate  the 
bottoms product rate, and the reflux rate, and hence the reflux ratio. Thus, we could, in principle 
choose any combination of these five variables (as long as we don't choose two mutually exclusive 
specifications at the same time such as the distillate rate and the bottoms product rate). However, 
ChemSepcan  accept  the  specifications  made  by  Seader  and  this  is  how  we  have  chosen  to 
complete the input  for this example.

From the pull down specification menu we select the last option: Flexible. We may then choose to 
specify any variable in the column model  (although we would be unwise to pick most of  the 
possible choices). Here, following Seader, we pick the flow rate of vapor leaving stage 2 and the 
distillate flow rate. Note that when using the flexible specification option we may need to enter 
units as part of the specification equation.
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Solving the Simulation

With 11 stages and 5 components the equilibrium stage model has 143 equations to be solved for 
143  variables  (the  unknown  flow  rates,  temperatures,  mole  fractions).  Convergence  of  the 
computer algorithm was obtained in just 5 iterations. 

Results

ChemSep can display an enormous amount of information. We refer readers to the sections on 
Tables and Graphs for more information; here we show some of the more useful results.

The stream table is shown below:
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The composition and flow profiles is obtained by clicking on the appropriate icons on the button 
bar.

A McCabe-Thiele diagram can be obtained by clicking on the McCabe-Thiele icon on the button 
bar. We may also elect to select the McCabe-Thiele panel:
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ChemSep has automatically selected the two key components to be used as the basis for this 
diagram. It has made the correct determination of the two keys in this case; there are, however, 
situations where it  is  unable correctly  to  pick the right  key components.  For  those cases it  is 
possible for you to make your own selections as can be seen in the screen image above. For more 
information about the options available for McCabe-Thiele diagrams please consult the section on 
Graphs.. 

For systems with more than two components these diagrams can only be computed from the 
results of a computer simulation. The axes are defined by the relative mole fractions:

X=
x LK

xLK xHK
Y=

y LK
y LK yHK

where the subscripts  LK and  HK refer to  light key and  heavy key respectively. The lines in the 
diagram have the same significance as would be expected from our knowledge of McCabe-Thiele 
diagrams for binary systems; the triangles corresponding to equilibrium stages.

The fact that the staircase of triangles fails to come close to the corners of the diagram where X = 
Y = 1 and X = Y = 0 shows that the separation is not especially sharp. In addition, we can see that 
the feed is not in the best possible location.
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Parametric Studies

It is worth asking what can be done to improve the separation obtained with this column. The 
parameters  that  have a significant  effect  on the separation are  the numbers  of  stages  in  the 
sections above and below the feed, the reflux ratio, and a product flow rate (or reflux flow). 

In order to see how changes in these variables affect the simulation we will use the Parametric 
Study feature of ChemSep.

Click on Analysis and then Parametric Study to bring up the appropriate window. 

1. Set the number of  steps 
(problems  to  solve)  in 
covering  the  range  of 
variable values.

2. Select variable(s) to vary. 
Here it is the reflux ratio. 
Set  the  start  and  end 
values.

3. Select output variables to 
monitor.  Note  that  the 
index  numbers  of  the 
light  and  heavy  key 
components  must  be 
typed in (to replace the # 
sign  that  appears  on 
selection  of  these  mole 
fractions). 

4. Click  Run to  generate 
results.  ChemSep will 
then  carry  out  the 
specified  number  of 
column  simulations  and 
the  results  tabulated  in 
the lower  section of  the 
window as shown.

5. Click Graph to display results. 
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Unfortunately this plot  is  not as clear as we would like; the reason being the rather different 
magnitudes  of  the  heat  duty  and  the  product  mole  fractions  that  were  selected  as  output 
variables. 

Click on the Edit Graph button to bring up the plot configuration panel.

We can change the various plot settings here so that we can obtain something more useful.
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The first change that we make is to assign the heat duty to the right hand vertical axis.  If we then 
click  on  Auto Axis and  then on  Display we will  obtain  a  plot  that  is  more or  less acceptable. 
However, we have made additional changes to the variable labels, the units of the heat duties and 
the axis limits as shown in this screen image. We have also removed the title that would otherwise 
appear over the top of the plot. The places where we have made changes are highlighted in the 
image below.

Now, when we click on Display we see the following.
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This figure shows how the mole fraction of i-pentane in the overhead and n-butane in the bottom 
product  change with reflux  ratio.  For  the  base  case  considered above the reflux  ratio  is  2.58 
(calculated from the results of the simulation). It is clear that increasing the reflux ratio has the 
desired effect of improving product purity. This improvement in purity is, however, accompanied 
by an increase in both the operating cost, indicated by the increase in reboiler duty, and capital 
cost,  because a larger column would be needed to accommodate the increased internal  flow. 
Note, however, that the curves that represent the mole fractions of the keys in the overhead and 
bottoms appear to flatten showing that product purity will not increase indefinitely as the reflux 
ratio increases. Further improvement in product purity can only be made by changing a different 
specification.

Accordingly, we now run a second parametric study, this time varying the distillate flow. Note that 
since  this  was  chosen  as  a  flexible  specification  before  we  must  first  change  the  column 
specifications so that we don't end up specifying the distillate flow rate twice (which will mean the 
simulation will crash). We first rerun the original simulation by setting the distillate flow rate (to 
the value used before) and the reflux ratio (to 2.5, close to the value computed from the results of 
the last simulation). The specification panel now looks like this:
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The parametric study panel will look like this (the top part is what we create, the lower part is 
where the results appear after clicking on Run).

Proceed as before (click on Graph and then on Edit Graph to tidy up the result).
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This figure shows what happens to product purity when we change the specified distillate flow 
rate.  From this result we see that the best overall product purity is obtained when the distillate 
rate is 45 lbmol/h. On reflection this should not come as a surprise, the flow rate of the light key 
(n-butane)  and all  components with a  higher volatility  is  45 lbmol/h.  However,  even with the 
distillate flow rate set to 45 lbmol/h there remains room for improvement in the separation. 

The other key design specifications here are the total number of stages and the location of the 
feed  stage.  In  most  cases,  increasing  the  number  of  stages  will  improve  the  separation.  On 
increasing the number of stages to 26, with the feed to stage 12, increasing the overhead vapor 
flow to 195 lbmol/h and decreasing the distillate  rate to 45 lbmol/h we obtain  the following 
products:

Mole flows lbmol/h)
Propane 5 5 0
Isobutane 15 14.995 0.005
N-butan 25 24.8 0.196
Isopentane 20 0.168 19.83
N-pentane 35 0.033 34.97

Total molar flow 100 45 55
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The McCabe-Thiele diagram for this configuration shown below appears to have the feed in the 
optimum location, and the product purities have improved. 
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The composition profiles are more or less as expected. 
The  components  more  volatile  than  the  light  key  (n-
butane)  are  concentrated  above  the  feed;  those 
compounds less volatile than the heavy key (i-pentane) 
are concentrated below the feed. The mole fractions of 
the two keys exhibit maxima; the light key above the 
feed stage and the heavy key below the feed stage. The 
decrease in the mole fraction of light key over the top 
few stages is necessary to accommodate the increase in 
the  composition  of  the  lighter  compounds.  Similar 
arguments pertain to the decrease in the mole fraction 
of the heavy key over the stages towards the bottom of 
the column.

The  temperature  profile  for  this  final  case  is  shown 
here.  It  can  be  seen  that  the  temperature  increases 
from top to bottom of the column. This is normally the 
case in distillation columns (exceptions may occur with 
cold  feeds  or  feeds  with  boiling  points  significantly 
lower than that of the mixture on stages above the feed 
stage).  

Note the step change in the liquid flow rate around the 
feed stage. Had the feed been partially vaporized feed 
we would  have  observed changes  in  both  vapor  and 
liquid  flows  around  the  feed  stage,  and  a  saturated 
vapor  feed would significantly  change only  the vapor 
flow profile.  The slight  (in this  case) curvature  in the 
flow profiles is due to enthalpy changes.
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