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Modeling Separation

ChemSep Tutorial: Absorber Case Study

Ross Taylor and Harry Kooijman

Here we consider the modeling of an absorption column using ChemSep. The following tutorials
are included below:

1. Setting up a simple absorption column (this is Example 8.2 in Multistage Separation
Processes, by F.M. Khoury (Prentice-Hall, 1999)

2. Using the Parametric Study option in ChemSep to investigate the influence of the solvent
flow rate (this is a continuation of Example 8.2 from the book by Khoury)

3. Using the Parametric Study option in ChemSep to investigate the influence of the number
of stages (this is Example 8.3 in the book by Khoury)

Tutorial 1: Absorption of Propane by n-Dodecane

Dodecane is to be used as the solvent in an absorption process to recover propane (and any
heavier components present) from a gas mixture. Both feed streams and the column (which has 10
stages) are at a pressure of 400 psia; in addition, the feeds are at a temperature of 100 °F. The
components and their respective feed rates are summarized in Table 1 (which also includes the
results obtained by Khoury).

Table 1: Absorber Stream Flows: Feed Specifications and Predicted Products

Stream LeanOQil RichGas Top Bottom
Stage 1 10 10 10
Pressure (psia) 400 400 400 400
Vapour fraction (-) 0 1 1 0
Temperature (oF) 100 100 106.1 117.8

Mole flows (mol/h)

Nitrogen 0 20 19.4 0.6
Methane 0 800 722.8 77.2
Ethane 0 80 48.5 31.5
Propane 0 70 3.3 66.7
N-butane 0 20 0 20
N-pentane 0 20 0 10
N-dodecane 500 0 0 499.9

Total molar flow 500 1000 794.1 706.9



We begin by clicking on the Components Panel and selecting the components that are listed in
Table 1.

Next, select the Operation tab and choose Equilibrium Column. Complete the specification of
the column configuration as shown in the screen shot below:
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The next step is to select the appropriate thermodynamic models. Khoury does not tell us what
model he used in his example calculations; we use the Peng-Robinson Equation of State for the
estimation of both the K-values and the enthalpy.
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The next step is to provide the details of the two feeds. Click on the Feeds line and complete the
feeds panel so that it appears as it does in the screen shot below:
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Enter the details of each feed stream

The column pressures are specified as shown below:
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The column specifications are completed by setting the heat losses to zero and the default
efficiency to one.

The next step is to save the file (using the File menu — note that the file name appears on the blue
bar at the top of the ChemSep window) and then click on the green arrow head icon to start the
calculations.

This will bring up the solve window — which looks like this:
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Click on Done to close the window and bring up the results panel.
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The results shown above are close to those reported by Khoury (see Table 1). Remember that
Khoury does not tell us what thermodynamic model he used so the close agreement can be
considered to be quite satisfactory.



Tutorial 2: Effect of Solvent Flow Rate on Component Recovery

This tutorial continues with Example 8.2 from Khoury in which he investigates the effect of the
solvent flow rate on the propane recovery. This is a question that can best be answered using the
Parametric Study option of ChemSep.

Click on the Analysis menu and select Parametric Study. This will bring up a window that looks
like this:
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Click on the drop down list next to Add near the top of this window. Scroll down and select the
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Fill in the values of the solvent flows that will be investigated (they are 25, 100, 300, 600, 750,
1000, and 5000 mol/h). Type in the number of simulations that will cover this range in the box next
to Number of steps.
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The next task is to select the output variables of interest. If we click on the drop down list under
Select result variables (central section of the parametric study panel) we see a very long list of
the possible result variables. We are interested in the recovery of each compound (C1 to C5), but
compound recovery is not one of the listed variables. Nevertheless, we can obtain the species
recoveries by making use of ChemSep's ability to combine result variables as we now show.

Start by selecting the mole fraction of methane in the rich oil (Bottoms).
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This puts the string BOTSX(#) in the result variable list:

Mame Leanil total flow Strear B ottom li
Wariable BOTSH[H]

itz rnoldh

Current Walue 2999333 1]

The # sigh must be replaced by the number of the component in the component list. Methane is
the second component so we can replace the # by 2. This, of course, just means that the mole
fraction of methane in the bottoms is recorded, how may we obtain the recovery? The component
recovery is defined as the component flow (in the bottoms here) divided by the component flow in
the feeds (in this case we need be concerned only with the gas feed). The component flow rate is
the component mole fraction multiplied by the total stream flow rate. Thus, the component flow in
the bottoms is the mole fraction in the bottoms (already selected as shown above) multiplied by the
bottoms flow rate. If we scroll down the list of result variables we see that the bottoms flow rate is
named BOTSL. Thus, we can record the component flow of methane in the bottoms by multiplying
the bottoms mole fraction by the bottoms flow rate. To obtain this click in the field that shows
BOTSX(#) in the above illustration (it should now be BOTSX(2) and add BOTSL so that the entire
string reads BOTSX(2)*"BOTSL.

Now we have the component flow rate of methane. To obtain the recovery we need to divide by the
component flow rate of methane in the gas feed. Scroll down the list of result variables to find that
the component flow of species 1 in the gas feed is F2F1 (where the last digit refers to the
component number. We return to the cell of interest and add /F2F2 so that we divide the
component flow of methane in the bottoms by the component flow of methane in the gas feed. Ths
string now reads: BOTSX(2)*BOTSL/F2F2*100 (the *100 is to convert the recovery to a
percentage).

To add the recoveries of the other hydrocarbon compounds we repeat the above steps starting
with the selection of the Bottoms mole fraction.



When we have completed this step the central portion of the Parametric Study panel appears as
shown below (note that we have also typed in meaningful names in the first cell in each of columns

3to7.
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We now click on the Run button in order to fill in the table of results. This will appear in the bottom
panel (we have stretched this window in both lateral and vertical directions in order to

accommodate the entire table):
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Readers of Khoury's book will be able to confirm that the results shown here are in good
agreement with his Table 8.4 (and again we note that Khoury does not tell us what thermodynamic

model he used).

To display these results graphically we may click on the Plot button, but we prefer Edit Plot
because that choice allows us to customize the plot as shown below:
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In this example we have changed the default x and y axis titles, as well as the default axis ranges
and incidence of tic-marks. The resulting plot is shown in a separate window and is reproduced
below:
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Khoury also tabulates the mole fraction of C1 to C5 in the overhead vapor. We leave the creation
of this table (and appropriate plot) as an exercise for our readers.



Tutorial 3: Effect of Number of Stages on Propane Absorption

We continue this tutorial with Example 8.3 from Khoury which concerns the effect of the number of
stages in the propane absorption case considered above. Readers are advised to review Tutorial 2
before this one.

The determination of how the number of stages influences the separation involves another
application of the Parametric Study in ChemSep. Following Khoury we will determine the
separation accomplished by 2, 5, 10, 20, and 40 stages with a lean oil flow rate of 300 mol/h. The
first step is to set the lean oil flow rate at 300 mol/h (instead of 500) and change the number of
stages from 10 to 2 (strictly speaking this last step is not needed, but we think it wiser to start a
parametric study from one end of the range of variables.

We then open the parametric study window and select the appropriate variables. Note that we
must select both the number of stages and the stage number for the gas feed (since that is always
to the bottom stage). Both of these variables must be varied in exactly the same way; note the cells
containing the stage numbers to be used in this exercise as shown below.
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For output variables we are interested only in the recovery of ethane, propane and butane; we
determine these values in the way described in Tutorial 1.
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When ready we click on the Run button. On completion of the simulations the results section of the
panel should have the following appearance:

MHumber of stage Ethane Fropane n-Butane

2 2349231 5396777 501G
5 2392548 6247634 97.61867
10 2385364 64.04287 99.85671
20 238481 6415235 9993346
ad 2384803 64.15285 100
40 2384803 £4.15285 100

Once again, readers of Khoury's book will be able to confirm the close agreement between the
numbers in his Table 8.5 (page 207) and the results shown above. These results show that the
component recoveries reach a constant value after some number of stages that varies from
component to component. Note that these results are specific to a lean oil flow rate of 300 mol/hr.
Khoury shows (in his Table 8.6) the same sort of behavior (but with different numerical results) for
a lean oil flow rate of 600 mol/h. We leave this as an exercise for our readers.
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