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Gibbs Phase Rule in a Distillation Column with Aspen Plus® V8.0 

1. Lesson Objectives 
 Use Aspen Plus to observe one-to-one relation between stage temperatures and compositions in a 

distillation column for a binary system with fixed pressure. 

2. Prerequisites 
 Aspen Plus V8.0 

3. Background 
According to the Gibbs phase rule, the degrees of freedom ( ) is equal to number of components (C) minus 

number of phases (  , plus 2.   

        

For a binary mixture involving vapor-liquid equilibrium, there are no degrees of freedom left once temperature 

and pressure are fixed.  All state variables are fixed, including vapor and liquid compositions.  This is useful for 

distillation column control.  In distillation column simulations, the product compositions are typically the most 

important results.  Therefore, compositions are typically measured and controlled.  However, measuring 

compositions is a slower, more costly process than measuring temperatures.  When pressure is fixed, 

temperature and composition have a one-to-one correspondence (except for cases with azeotropes).  

Therefore, measuring and controlling top/bottom stage temperatures is the same as measuring and controlling 

top/bottom stage composition.   

In this example, we will carry out several case studies to show that compositions for top and bottom stages are 

constant when top and bottom stage temperatures are fixed regardless of changes in other operating conditions 

and column configurations.   

The examples presented are solely intended to illustrate specific concepts and principles.  They may not 

reflect an industrial application or real situation. 
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4. Problem Statement and Aspen Plus Solution 

Problem Statement 

For a distillation column consisting of a binary mixture, when the pressure and temperature for an equilibrium 

stage have been fixed, will the vapor and liquid compositions leaving this stage change with other conditions of 

the column?     

Aspen Plus Solution 

If you are unfamiliar with how to start Aspen Plus, select components, define methods, or construct a flowsheet, 

consult Get Started Guide for New Users of Aspen Plus.pdf for instructions. 

4.01. We will start our first case study with a prepared bkp file.  In Windows Explorer, copy Dist-

004_Phase_Rule.bkp to your working folder and rename it (e.g., temp.bkp).  Double click temp.bkp to 

load it into the Aspen Plus UI. 

4.02. Note that the flowsheet contains a distillation column with two inlet streams and two product streams 

as shown below. 
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4.03. Review the column specifications.  Go to the Blocks | C2-SPLIT | Specifications | Setup | Configuration 

sheet.  We have 50 for Number of stages, Partial Vapor for Condenser, 50 kmol/hr for Distillate rate 

and 1 for Reflux ratio.  Note that both Distillate rate and Reflux ratio here are initial guesses because 

they are varied to satisfy fixed top and bottom stage temperatures for all of the cases in this tutorial .   

 

4.04. Go to the Blocks | C2-SPLIT | Specifications | Setup | Streams sheet.  Note that both feed streams 

enter column at stage 25. 
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4.05. Go to the Blocks | C2-SPLIT | Specifications | Setup | Pressure sheet.  Note that, for simplicity, the 

entire column operates at a pressure of 1 bar. 

 

4.06. Go to the Blocks | C2-SPLIT | Specifications | Design Specifications | 1 | Specifications sheet.  It is 

important to note that the top stage temperature is fixed at -104.193 C, which corresponds to a vapor 

composition of about 0.999 for ethylene.  Also note that this specification does not change throughout 

this example. 
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4.07. Go to the Blocks | C2-SPLIT | Specifications | Design Specifications | 2 | Specifications sheet.  It is 

important to note that the bottom stage temperature is fixed at -88.971 C, which corresponds to a liquid 

composition of about 0.999 for ethane.  Also note that this specification does not change throughout 

this example. 

 

4.08. Go to the Blocks | C2-SPLIT | Specifications | Vary | 1 | Specifications sheet.  We have Distillate rate 

for Type in the Adjusted variable frame.  Go to the Blocks | C2-SPLIT | Specifications | Vary | 2 | 

Specifications sheet.  We have Reflux ratio for Type in the Adjusted variable frame.  This means that we 

vary the Distillate rate and the Reflux ratio of the column so that top and bottom stage temperatures 

are at targeted values.   

4.09. Review the feed conditions.  Go to the Streams | FEED1 | Input | Mixed sheet.  We have 0 for Total 

flow rate.  This means that for this case study, we only have one feed stream – FEED2.  Keep in mind 

that Aspen Plus will issue a warning message when a flowsheet inlet stream has zero flow.  For this 

example, we can safely ignore this warning. 
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4.10. Go to the Streams | FEED2 | Input | Mixed sheet.  We have Pressure and Vapor Fraction for Flash 

Type.  We have 1 bar for Pressure, 0.5 for Vapor fraction and 100 kmol/hr for Total flow rate.  In the 

Composition frame, we select Mole-Frac .  Enter 0.4 for ETHANE and 0.6 for ETHYLENE. 

 

4.11. The feed conditions and column configuration are summarized as follows: 

Number of stages 50 

 Feed location Ethane (kmol/hr) Ethylene (kmol/hr) 

FEED1 Zero total flow 

FEED2 25 40 60 
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4.12. Press the F5 key to run the simulation.   The simulation completes without errors.  Go to the Blocks | C2-

SPLIT | Stream Results | Material sheet.  The Temperature and Pressure of streams C2H4 and C2H6 are 

at the values specified in column C2-SPLIT.   The mole fraction of ETHYLENE in the column distillate 

stream, stream C2H4, is 0.999033.  The mole fraction of ETHANE in column bottoms stream, stream 

C2H6, is 0.999043. 

 

4.13. Go to the Blocks | C2-SPLIT | Specifications | Vary | Results sheet.  Note that the varied variables in 

column C2-SPLIT have converged to a distillate rate of 60.0198 and a reflux ratio of 1.67396 in order to 

achieve the specifications on top and bottom stage temperature. 

 

4.14. Here is a summary of the most important results of the simulation: 

 
Temperature Pressure Mole Fraction 
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(°C) (bar) Ethane (Liquid) Ethylene (Vapor) 

Top stage (or top product) -104.193 1 
 

0.999033 

Bottom stage (or bottom product) -88.971 1 0.999043 
 

 
4.15. In the second case study we will change the feed location stream FEED2.  Go to the Blocks | C2-SPLIT | 

Specifications | Setup | Streams sheet.  Change Stage for FEED2 from 25 to 29. 

4.16. Press the F5 key to run the simulation again.  Then, go to the Blocks | C2-SPLIT | Stream Results | 

Material sheet to view results.  The mole fractions of the product streams remain the same as those 

from the first case study.  This means that a change in feed stage location doesn’t affect the 

compositions of the product streams. 

 
Temperature 

(°C) 

Pressure 

(bar) 

Mole Fraction 

 
Ethane (Liquid) Ethylene (Vapor) 

Top stage (or top product) -104.193 1 
 

0.999033 

Bottom stage (or bottom product) -88.971 1 0.999043 
 

 
4.17. In the third case study we will change the composition of the feed stream.  Go to the Streams | FEED1 | 

Input | Mixed sheet and change its Total flow rate from 0 to 100.  Go to the Streams | FEED2 | Input | 

Mixed sheet and change its Total flow rate from 100 to 0.  The column configuration can be 

summarized as follows. 

Number of stages 50 

 Feed location Ethane (kmol/hr) Ethylene (kmol/hr) 

FEED1 25 50 50 

FEED2 Zero total flow 

 
4.18. Press the F5 key to run the simulation.  Then, go to the Blocks | C2-SPLIT | Stream Results | Material 

sheet to view the results.  The mole fractions of ETHANE and ETHYLENE in the product streams remain 

the same.  This indicates that a change in feed composition doesn’t affect the compositions of product 

streams. 

 
Temperature 

(°C) 

Pressure 

(bar) 

Mole Fraction 

 
Ethane (Liquid) Ethylene (Vapor) 

Top stage (or top product) -104.193 1 
 

0.999033 

Bottom stage (or bottom product) -88.971 1 0.999043 
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4.19. In the next case study streams FEED1 and FEED2 will both have non-zero flowrates.  Go to the Streams | 

FEED2 | Input | Mixed sheet and change its Total flow rate from 0 to 30.  The column configuration can 

be summarized as follows. 

Number of stages 50 

 Feed location Ethane (kmol/hr) Ethylene (kmol/hr) 

FEED1 25 50 50 

FEED2 29 12 18 

 
4.20. Reinitialize the simulation (Shift + F5) and press the F5 key to run the simulation.  Then, go to the Blocks 

| C2-SPLIT | Stream Results | Material sheet to view the results.  The mole fractions of ETHANE and 

ETHYLENE in the product streams remain the same despite the changes in the number of feed streams 

and their flowrates. 

 
Temperature 

(°C) 

Pressure 

(bar) 

Mole Fraction 

 
Ethane (Liquid) Ethylene (Vapor) 

Top stage (or top product) -104.193 1 
 

0.999033 

Bottom stage (or bottom product) -88.971 1 0.999043 
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4.21. In the last case study we will add 10 stages to the column and observe the effect on product purity.  Go 

to the Blocks | C2-SPLIT | Specifications | Setup | Configuration sheet.  Click the Stage Wizard button.  

In the popup dialog box, enter 60 for New total number of stages and enter 3 for stage.  Then, click OK.   

 

4.22. Press the F5 key to run the simulation.  Then, go to the Blocks | C2-SPLIT | Stream Results | Material 

sheet to view the results.  The mole fractions of ETHANE and ETHYLENE in the product streams remain 

the same.  This means that column hardware configuration changes don’t affect compositions of 

product streams. 

 
Temperature 

(°C) 

Pressure 

(bar) 

Mole Fraction 

 
Ethane (Liquid) Ethylene (Vapor) 

Top stage (or top product) -104.193 1 
 

0.999033 

Bottom stage (or bottom product) -88.971 1 0.999043 
 

 
4.23. This concludes our case studies. 

5. Conclusions 
This example shows that for a binary distillation column, fixing top/bottom stage temperatures holds 

top/bottom compositions constant regardless of changes to other things (e.g., feed conditions and locations or 

the number of stages in the column).  This behavior can be leveraged for control.  For binary mixtures with 
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azeotrope(s), this still holds true assuming that a composite feed stays within a certain region divided by 

azeotropes.   

6. Copyright 
Copyright © 2012 by Aspen Technology, Inc. (“AspenTech”). All rights reserved.   This work may not be 

reproduced or distributed in any form or by any means without the prior written consent of 

AspenTech.  ASPENTECH MAKES NO WARRANTY OR REPRESENTATION, EITHER EXPRESSED OR IMPLIED, WITH 

RESPECT TO THIS WORK and assumes no liability for any errors or omissions.   In no event will AspenTech be 

liable to you for damages, including any loss of profits, lost savings, or other incidental or consequential 

damages arising out of the use of the information contained in, or the digital files supplied with or for use with, 

this work.  This work and its contents are provided for educational purposes only. 
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