
 

 

Process and Product Design Through ICAS 
 

 

Product Design – Tutorial 

 

 
 

By 

 

Mauricio Sales-Cruz 

Edgar Ramírez-Jiménez 

Rafiqul Gani 

 

 

 

May 3-4, 2004. 

XXV Encuentro Nacional AMIDIQ 

Puerto Vallarta Jalisco, México 

 

 

Department of Chemical Engineering 
Technical University of Denmark, 

DK-2800 Lyngby, Denmark 
www.capec.kt.dtu.dk 



 

 
 
 
 
 
 
 



 

 

Product Design – Tutorial 

 

 

CONTENTS 
 

1. INTRODUCTION ........................................................................................................ 1 

1.1. COMPONENTS SELECTION........................................................................................ 1 

1.2. GENERAL PROBLEM CONTROL ................................................................................ 2 

1.3. NON-TEMPERATURE DEPENDENT PROPERTIES........................................................ 3 

1.4. TEMPERATURE DEPENDENT PROPERTIES................................................................. 3 

1.5. MIXTURE PROPERTIES. ............................................................................................ 4 

1.6. AZEOTROPE/MISCIBILITY CALCULATIONS. ............................................................. 4 

2. EXERCISES WITH PROCAMD ............................................................................... 7 

2.1. SOLVENT SUBSTITUTION ......................................................................................... 7 

2.2. MIXTURE DESIGN .................................................................................................. 13 

2.3. DESIGN OF LARGE MOLECULES............................................................................. 15 

2.4. SOLVENT DESIGN .................................................................................................. 16 

2.5. REFRIGERANT DESIGN........................................................................................... 18 

APPENDIX A: CAPEC DATABASE MANAGER......................................................... 19 

A1.  BASIC SEARCH....................................................................................................... 19 

A2.  ADD AND CHANGE OF DATA................................................................................. 21 

A3.  HOW TO ESTIMATE PROPERTIES OF A CHEMICAL PRODUCT NOT FOUND IN THE    

DATABASE?....................................................................................................................... 24 

APPENDIX B.  MANUAL FOR SLE............................................................................... 25 

B1. USE OF UTILITY TOOLBOX .......................................................................................... 25 

B1.1. Compound selection & property model selection ............................................... 25 

B1.2 Utility calculation option (SLE) ........................................................................... 29 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 1

 

ProCamd Manual 

 

1. Introduction 

To design a molecule, for example, a solvent, provide appropriate information on the 

following pages. In this problem, we are looking for a solvent that can replace benzene as 

the solvent for extraction of phenol from water by liquid-liquid extraction. 

 

 
 

Click on  to start the calculations. In the screenshots below, the filled out pages for 

selection (design) of solvents for extraction of phenol from water is shown in sequential 

steps. 

 

1.1. Components Selection 

 

In the “Mixture Properties” tab 

check the “Perform Mixture 

Calculations” box. Click on 

“Edit...” in the “Selected Key 

Components” cage; in the 

displayed window click on 

“Select from database”, the 

“Component Selector” window 

will appear: select your 

compounds. Click “Ok”. 
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Enter the mole fractions. Click on the 

component (in the “Molefractions” cage) 

then type in the box the desired value and 

press “Enter”. 

 

 

 

 

1.2. General Problem Control 
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1.3. Non-Temperature Dependent Properties 

 

 

Right click on the left-hand side to obtain 

the list of properties. Left click on the 

property to select it and then fill out the 

data. In order to establish the limits the 

property can take, click on the property and 

uncheck the corresponding bounds. 

 

 

 

1.4. Temperature Dependent Properties 

 

Right click on the left-hand side to obtain 

the list of properties. Left click on the 

property to select it and then fill out the 

data.  
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1.5. Mixture Properties.  

 

 

Right click on the left-hand side to obtain 

the list of constraints (solvent properties). 

Left click on “Constraints” to select it 

and then fill out the data. 

 

 

1.6. Azeotrope/Miscibility Calculations.  
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• Click on  to start the calculations. On completion, the following screen 

is shown. 

 

 
 

• Click OK and then use the “>>” or “<<” buttons to move up or down to see the 

various feasible candidate solvents. If a candidate is available in the database, 

“database” will be highlighted on the lower menu-bar. 
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2. Exercises with ProCamd 

2.1. Solvent Substitution 

 

We have phenol deposits as a solid and we need to clean the equipment before our 

product can be produced. We already know that we can use benzene or toluene to 

dissolve the phenol. We would like to investigate if it is possible to use a more 

environmentally friendly anti-solvent to extract the phenol.  

 

Step 1: Problem Formulation 

 

We need to establish the needed properties for the replacement solvent. We can use the 

CAPEC database to search for the properties of phenol, benzene and toluene. In the 

screen shot below, the properties of phenol are highlighted (see appendix 1 on how to 

perform search in the CAPEC database . 

 

Other properties: 

Tm = 314.06 K 

Tb = 454.99 K 

δSP = 24.63 (MPa)1/2  

Hfus = 11510 kJ/kmole 

Tc = 694.25 K  

Pc = 60.498 atm 

Vc = 0.229 m3/kmole 

v = 0.889 m3/kmole 

Mw = 94.113 

Pure component data for Phenol obtained by “basic search” in the CAPEC database 

      

Based on the phenol data, we can formulate the solvent search problem as follows – The 

temperature of the operation is below 314 K (assume 300 K), at this condition, solvent 
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plus phenol must form a liquid solution and the composition of the phenol must be 

reasonably high. As a measure of solubility, initially, we can search for solvents having 

melting points below 250 K and having the Hildebrand solubility parameters 22 < δSP < 

26 (MPa)1/2. This problem can also solved through the CAPEC database (using the 

“advanced search” option) or ProCamd. 

 

Step 2: Generation of candidates through CAPEC database search 

 

To use the advanced search option in the CAPEC database, click on   and then click on 

“advanced search” in the CAPEC database. Then select the options for the search engine 

as shown below. 

 

Now click on  to start the search engine. The search result is shown in the 

figure below. It can be noted that 41 candidates have been found.  
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Using the results from above, the next step would be to perform a search through 

ProCamd, which will generate new molecules as well as check known compounds. 

 

Step 3: Generation of candidates through ProCamd 

 

We start by entering ProCamd from ICAS and then we need to fill-out the pages 

according to the instruction manual from section 1. The screens corresponding to the 

different pages of ProCamd are shown below. 

 

 
 

Define as user-specified compounds, some 
of the solvents that appear in “common 
solv” 

 
 

 
Problem specification pages from ProCamd for the solvent substitution exercise  
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Problem specification page from 
ProCamd. 

Results section from ProCamd. Note that 
“ProPred” and “Databank” are highlighted. 
This means that we can use these tools for this 
compound. 

 

The solution statistics are shown in the figure below. This screen can also be obtained by 

clicking on “Info”. 
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From the figures above, it can be noted that ethanol is also a feasible candidate as a 

solvent. We will verify the feasibility of ethanol in the next step. 

 

Step 4: Verification of solvent through a solid-liquid equilibrium phase diagram 

 

In order to obtain a solid-liquid equilibrium phase diagram, follow the steps given in 

appendix A3. The following steps are necessary: 

 

1. Draw a stream in the ICAS-main window  

2. Select  the compounds phenol and ethanol 

3. Select  the property models (select UNIFAC-VLE model for liquid phase 

activity coefficients 

4. Double click on the stream, specify the pressure (1 atm) and any values for 

temperature (for example, 300 K) and composition (for example, 1 and 1). Click 

on  located on the top left hand corner. 

5. Click on “Organic SLE” and then specify the data as shown below. 
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a 

 
 

b 

 
c 

 
d 

 

 
e 

 
f 

 

The specifications to generate the “entire T-X” diagram with the organic SLE toolbox of 

ICAS. Figure f shows the generated diagram. Clearly, at 300 K, a large amount of phenol 

can be dissolved. 
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Exercises related to solvent substitution 

 

A. Solve the problem in step 2 with ProCamd (note that only the “general problem 

control” and the “non-temperature depd. props” need to be specified. 

B.  Verify another solvent through step 4 

C. If you change the solubility parameter bounds to less than 22 or more than 26, 

will the solvents be valid for phenol?  Find solute products that will be valid for 

solvents with solubility parameter < 22 and > 26 (use both database search and 

ProCamd). 

D. Find solvents for Naphthalene. 

 

2.2. Mixture Design 

 

In mixture design, we specify some mixture properties that a mixture of two or more 

compounds needs to satisfy. Consider the following problem – 

 

Find all binary mixtures that form an azeotrope with ethanol at 1 atm pressure and where 

the second compound is a cyclic compound, with 300 K < Tb < 500 K.  

 

To solve this problem, we need to use ProCamd (“General problem control”, “non-

temperature depd. props”, “mixture properties” and “azeotrope/miscibility” pages). A 

sample of the data specified is shown below. 
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One of the feasible mixtures is shown below (note that what ProCamd provides is the 

information that the two compounds will form a single-phase solution. The exact 

compositions will need to be calculated separately, depending on the desired mixture 

property, for example, the bubble point temperature.  
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Exercises related to mixture design 

 

A. Repeat the above problem to find acyclic compounds that form azeotropes with 

ethanol 

B. Repeat the above problem where the cyclic compounds do not form azeotrope 

with ethanol 

 

 

2.3.  Design of Large Molecules 

 

Design a large molecule having the following properties, 

 

Mw > 300 

Tb > 400 K 

Tm > 300 K 

 

Solve the problem with ProCamd and then switch to ProPred and further investigate the 

properties of the large molecule, including further increase of the size of the molecule. 
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Only the “general problem control” and the “non-temperature depd props” need to be 

specified. In the “general problem control”, select the following, 

 

 

 Repeat the problem for acyclic compounds and cyclic compounds 

 

2.4. Solvent Design 

 

Find a solvent for the separation of acetone from chloroform. The problem definition is 

shown in the figures below. Use the same 4 steps as in solvent substitution problem. 

 

A. Define the problem with respect to pure component property targets and mixture 

property targets. Solvent needs to dissolve chloroform and not acetone (solubility 

parameter close to chloroform and not acetone. It must be liquid (boiling point higher 

than mixture temperature). It must be environmentally friendly (avoid aromatic 

compounds, chlorides, etc.) 

B. Use the advanced search engine of the database to find solvents (check the properties 

of acetone and chloroform and then use the values of the boiling point, the melting 

point and the Hildebrand solubility parameter for the advanced search) 

C. Use ProCamd to generate the list of feasible solvents (see figures below for the 

specifications) 

D. Verify the solvents (in this case, perform ternary VLE phase diagrams). If solvents 

that are totally miscible to the feed mixture are found, then the separation will be 
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based on vapour-liquid systems. Tools for verification of VLE systems will be used 

on day 2 of the workshop. 

 

 

 

 

 

 

  
 

Related problems:  

 

Find solvents to separate acetone from methanol separation (VLE separation) 

Find solvents for methyl acetate from methanol separation (VLE separation) 

Find solvents for hexane-benzene separation (LLE separation) 
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2.5. Refrigerant Design 

 

A refrigerant needs to have the following properties.  

 

Use ProCamd to generate the candidates and then use ProPred to verify the selection. 

Generate the P-H thermodynamic diagram through ProPred to validate the refrigeration 

cycle. 

 

Related problem: Design of heat pump fluid.   
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Appendix A: CAPEC Database Manager 

 In this section the use of the Database Manager is briefly discussed. 

Click on the  ”Database Manager” icon  in the task bar of ICAS main window. 

 

 

A1.  Basic Search 

Under the “Search” directory in the left panel you will find different options to perform the 

search of a compound. Select “Basic Search” → Type the name of your component → 

Click on “Search CapecDB” → Select your component from the displayed list → Click on 

“View Compound”. 

 

 

 
 

 

The Property pages will be displayed. Here you can find from Antoine Constants, Critical 

properties, property temperature dependent correlations, solvent properties and Group 

description. Click on ”Back” button to return to the initial page. 
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A2.  Add and Change of Data 

 

1. Data can be changed only on the user-database. Go to the user-database where your 

compound exists (Database → Change to any of the user-databases) 

 

 
 

2. Change of Data: 

 Go to “Change compound data” on the left panel. 

 Type your component in the box → click on “Search CapecDB” → Select it. 

 Click on the “Change Data” button 
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 Change the desired 

information in the 

corresponding fields. 

Once you finished click 

on “Add/Update Data” 

button. An updating 

message will appear. 

 

 

3. Clone of a Compound 

 Go to “Change compound data” on the left panel. 

 Type your component in the box → click on “Search CapecDB” → Select it. 

 Click on “Clone Compound”. 

 

 
 

 

 If you change some information do it in the corresponding fields. Once you finished 

click on “Add/Update Data” button. 
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 Give a name in the “New 

Name” window → Click 

on “Ok”, 

 

 

 

 Allocate the cloned 

component in a database 

(only to the “user” 

database”), 

 

 
 

 Now there is a new compound in the selected database! 



 

 24

A3.  How to Estimate Properties of a Chemical Product Not Found in the 

   Database? 

 Launch the CAPEC database and then select the user-database.  

 Click on “add/change” data 

 Click on ProPred 

 In ProPred, either draw the molecule or import the SMILES or import the mol.file 

corresponding to the chemical product. The database in ProPred can also be 

searched, if necessary. 

 Check if all the necessary properties have been estimated by ProPred, if yes, exit 

from ProPred. 

 Click on “update” data 

 

Try the following exercise: 

 

Try to put Morphine (Oc1ccc2CC3N(C)CCC45C3C=CC(O)C4Oc1c25) into the user-

database. CAS number of morphine is 000057-27-2 (the database in ProPred has this 

compound). 
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APPENDIX B.  Manual for SLE 

 

B1. Use of Utility Toolbox 
 

B1.1. Compound selection & property model selection 

I. Draw a stream and then select compounds by clicking on the “compounds”  
button. 

 

 

 
 

 

 

II. Double click on the stream to enter the “mixture specification” window 
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III. After specifying the temperature, pressure and component flows (as shown above) 
click on the top-left button  to enter the “property” window. Click on the top-left 
button  to  go to the “property model” selection window. 
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IV. Click on the “gamma-phi” option for this example 
  

 

 
 

 

V. Click on the “select liquid phase model”  
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VI. Select the UNIFAC model as shown below. The UNIFAC model parameters are 
shown and if all parameters are available (as in this example), click OK 

 
 
 

 
 
 
VII. On return to the main property model selection window click on default to select all 

the other model options (as shown below) and click OK. 
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B1.2 Utility calculation option (SLE) 
 

I. On return to the Property “Utility” window, select the option(s) of choice for 
calculations. For this example, select the “SLE” option and follow the screens SLE-a 
to SLE-f. 

 

 
 SLE-a 

 

 
SLE-b 

 
SLE-c 

 
SLE-d 

 
SLE-e 
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SLE-f 

 

 

B2. LLE Phase Diagram 

 

The mixture is changed to water-ethanol-benzene. The UNIFAC-LLE model is chosen and 

the LLE-phase diagram option is called from the ICAS-utility toolbox, as shown below. 
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• From the “property” menu, click on “organic LLE” to enter the LLE tool-box: 
 

 
 

• From the “LLE organic” window, click on “Calculate & Plot” to enter the “Plot Ternary 
LLE Curves” 

 

 
 

• Click in OK in order to calculate a ternary LLE phase diagram: 
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• The calculated LLE phase diagram is shown: 
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