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1. Computer Aided Molecular Design

The objective of this section of the tutorial document is to present to the reader, a brief
description of computer aided molecular design in terms of problem definition, methods
of solution, and the issues and needs with respect to CAMD problem formulation and

solution.
1.1 CAMD PROBLEM DEFINITION
Computer aided molecular design (CAMD) problems are defined as

Given a set of building blocks and a specified set of target properties;

Determine the molecule or molecular structure that matches these properties.

In this respect, it is the reverse problem of property prediction where given the identity of
the molecule and/or the molecular structure, a set of target properties is calculated.
CAMD maybe performed at various levels of size and complexity of molecular structure
representation. Most CAMD methods and tools used in PSE/CAPE applications, work at
the macroscopic level where the molecular structure is represented by groups (Harper et
al. 1999) and/or connectivity indices (Camarada and Maranas 1999). An evolutionary
based CAMD method for design of fuel additives has been proposed by Sundaram et al.
(2001). Figure 1 (from Harper et al. 1999) illustrates a typical group contribution based
CAMD method, where the pre-design phase defines the basic needs, the design phase
determines the feasible candidates (generates molecules and tests for desired properties)
and the post-design phase performs higher level analysis of the molecular structure and
the final selection of the product. The post-design phase may also address the question of
manufacturing the designed product. CAMD methods based on macroscopic properties
are suitable for design of relatively smaller molecules either as chemical products or as

additives (or ingredients) for formulated products
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For design of more complex and relatively larger molecules such as drugs, pesticides and
specialty chemicals, molecular modelling based CAMD methods have been reported
(Livingstone, 1995). Structure-based drug design has emerged as a valuable tool in
medicinal chemistry where the integration of structure-based methods, virtual screening,
and combinatorial chemistry is necessary. As the chemical product design involves
molecules of larger size, distinction among isomers and or different molecular structures
for the same chemical compound type become more important. Consequently, the
molecular structural representation becomes more complex using smaller and smaller

scales while the property prediction becomes more specialized.

< Pre-design Design (Start)
epretmionto | A SEL Of building blocks: A collection of group
"l want acyclic nputiconstraints |- CH3, CH2, CH, C, OH, vectors like:

alcohols, ketones, CH3CO, CH2CO, CHO, 3 CH3,1CH2,1CH,
aldehydes and ethers CH30, CH20, CH-O 1 CH20
with solvent properties +

similar to Benzene" A set of numerical All group vectors
constraints satisfy constraints

p»<4————Design (Higher levels)j—————p-<4¢——Start of Post-design
/\

2.order CHy CHycHg Refined property CHa | SH. cH
group | cuy” So” e estimation. Ability to CHs © e
| : estimate additional CHl
o properties or use )
CHr alternative methods. C*i3
%Iﬁe“f’ éré’/T o {CHQ j.\o"/CH\CH Z/CHS Rescreening against CH3/CH2\O/°H\CHZ/°H3
method v constraints.

Figure 1: Basic steps of CAMD

1.2 METHODS OF SOLUTION

The main steps of any CAMD method are to generate chemically feasible molecular
structures, to estimate the target properties for the generated structures and to
screen/select those that satisfy the specified property constraints. Methods employing the
generate & test approach (see Fig. 2) perform these steps sequentially, methods
employing mathematical programming perform the steps simultaneously while hybrid

methods decompose the problem into sub-problems and allow the use of different
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solution approaches to the different sub-problems. In the text below, a few representative

CAMD methods are discussed.

Candidate performance, v
) economic or
selection safety concerrs) Problem
(final verifipation/ | formulation
comparison N (identify the
using rigorous l/ e
simulation and A ;
experimental wz::tzr&e design operation)
procedures) been idertified
Result Method and
analysis and constraint
.. verification selection
Finish (analyse the (specify the
suggested design criteria
compounds based on the
using external problem
tools) formulation)
CAMD
Solution
(identty  |A—
compound
having the
desired
properties)

Figure 2: Multi-level hybrid CAMD method of solution

Cabezas et al. (2000) developed a database approach with interactive search for the
appropriate solvent where the main tools needed are properties databases, target property
estimation systems and a knowledge-based system for guiding the user through the
solvent selection and screening steps. Note that because it is based on a search of the
database, it therefore does not need to generate molecular structures. Harper and Gani
(2000) proposed a multi-step, multi-level hybrid CAMD method that combines group
contribution approach at a lower level and a molecular modelling approach at a higher
level (see Fig. 3). At the lower levels, however, group contributions include first-order as
well as second-order groups that are able to represent the molecular structural differences

of some isomers.



Generate & Test Group
Vectors

Generate & Test Structural
Isomers

Generate & Test Atom
based matrix decription

Generate & Test 3D
Structures

Figure 3: Multi-step and multi-level hybrid CAMD method

Venkatasubramanian et al. (1995) proposed the use of genetic algorithms with groups as
the building blocks for polymer design. Camarada and Maranas (1999) and Duvedi and
Achenie (1996) proposed the use of optimisation techniques to determine the optimal
molecule with Camarada and Maranas employing connectivity indices while Duvedi and
Achenie employing groups, respectively, for molecular structure representations. The
problems solved with these methods all refer to small (solvent) molecules, although,
repeat units of polymers, refrigerants and process fluids have also been designed through

these methods.

QSAR based CAMD methods have been developed for design of large molecules. Sippl
et al. (2001) recently described the construction, validation and application of a structure-
based 3D QSAR model of novel acetylcholinesterase inhibitors. A generate and test
approach was employed, where the target was a desired inhibitor activity (a macroscopic
property) but the molecular structure that provides the desired target is obtained through

study of binding conformation of protein-inhibitor complexes. Methods employing
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optimization techniques related to complex molecule design have also been reported, for
example, by Moore et al. (2000), who developed a predictive model for DNA
recombination for the generation of novel enzymes. Klepeis and Floudas (2000)
employed a combination of molecular dynamics and advanced mathematical techniques
to protein structure prediction. Other examples of combination of higher-level modeling
and molecular design can be found in the papers published in the Journal of Computer

Aided Molecular Design.
1.2.1 Hybrid CAMD Method of Solution
The solution of all CAMD problems could be divided into the following four main steps.

Step 1: Problem Formulation — here, the CAMD problem is defined in terms of target
properties (both the identity of the property as well as their target values).

Step 2: Initial Search - generate initial list of candidates through a search of a database (if
available, for example, CAPEC database). This provides a good idea of which types of
molecules one should be looking for. Note that the search should be made only with
respect to the pure component target properties as a search with respect to mixture

properties may not be possible.

Step 3: Generate and Test - use any CAMD technique (and software, for example,
ProCAMD) to automatically generate and test candidates. The selected CAMD technique
should be able to generate molecular structures and evaluate their properties with respect

to the specified target properties.

Step 4: Verification — here, the selected candidates are further analyzed in terms of their
performance when they are applied for their designed use. Models capable of simulating
their performance in their process of application are needed. These models may be
process simulation models (for example, ICASSIM or ICAS-utility) as well as product

application models (such as delivery of an active ingredient).
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1.3 ISSUES & NEEDS

Problem Definition: Identifying the needs of the chemical product through a set of target

properties is a very important first step for all CAMD methods. Hostrup et al. (1999)
include this as a pre-design step and propose the use of a knowledge-based system to
guide the user in identifying the target properties as well as selecting the corresponding
property values. Their examples, however, cover only solvent selection/design problems.
Therefore, there is a need to develop knowledge based systems that may guide the
chemical product designer to not only identify the target properties but also to specify
their target (goal) values for a large range of chemical product design problems. The
selection of target properties should also be closely linked with what can be estimated
(and therefore, computed) and what must be measured? The knowledge-based system can
help to reduce the number of experiments or to focus on a few specialized measurements
from which a number of other target properties may be estimated. For example, if the
solvent molecule type for a complex (large multifunctional molecule) solute can be
identified, then experiments to measure solubility can be concentrated on some
representatives of the identified molecular type to generate not only the unavailable
property model parameters but also to identify the desired solvent. Note that because of
the complex molecular structure of the solute, it is unlikely that the needed property

model parameters would be available at the start of the problem solution.

1.3.1 CAMD Methods & Tools

Assuming that the target properties have been identified and their goal values have been

specified, the main issues with all types of CAMD methods are the following:

e How to generate molecular structures?
e How to represent the molecular structure?
e What level of molecular structural information will be used?

e How the target properties will be obtained (calculated and/or measured)?
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The complexity of the problem may be understood from the numbers of isomers that can
be generated as a function of carbon number. As the carbon numbers for each molecular
type increase, so does the number of possible isomers. So, to address the questions above,
one needs to consider very carefully, the molecular structural parameters that would be
used to represent the molecules. These same parameters will also need to be used for
estimating the target properties. It can be noted that most group contribution based
methods design small molecules and therefore, do not need to handle too many isomers.
However, unless the groups are able to distinguish between isomeric structures, these
methods would not be able to consider them. Also, since in this case, many different
types of molecules are investigated, the number of candidates may still be quite large.
The design of large complex molecules, on the other hand, mainly depends on differences
in molecular structures of isomers or of molecular conformations of a particular
molecular type. Therefore, in this case, molecular structures are represented at the
mesoscopic and/or microscopic level and property estimation methods that use these
variables are needed. In this case also, the number of candidates is very large because

there may be too many isomers.
The corresponding needs for a CAMD method are the following:

e A tool for molecular structure representation at different scales.

e A tool for molecular structure generation (based on a set of rules that will ensure
the generation of feasible chemical structures).

¢ Tools for analyzing molecular structural stability.

e Tools for target property estimation.

0 A tool for property estimation method selection (including identifying
which properties can be estimated for which database and/or experimental
techniques need to be used).

O A library of property estimation models (methods and tools) that are

particularly suitable for computer aided applications.
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e A method of solution for the CAMD problem (the two inner steps of the design

process).

Since it appears that multiple property models at different scales or levels of molecular
structural variables will need to be considered if the isomers and/or multiple
conformations are also going to be considered, a communication (link) between lower
level modelling tools and higher levelling model tools also need to be established. Harper
and Gani (2000) established such a link for their hybrid CAMD method. The idea is to
first establish the molecular type in the search/design through macroscopic properties and
then to link the promising candidates to higher-level mesoscopic or microscopic methods
for more detailed analysis. One starts with a molecular description at the group level,
which is then converted to a 2-dimensional atomic representation at the atomic level. This
is then passed to molecular modelling software that converts the atomic representation to
a 3-dimensional model, which is then optimized to obtain the final 3-dimensional
structure. Once the optimized structure has been obtained, a whole range of descriptors

and properties may be estimated.
1.3.2 Property Models

The application range of the property model is directly related to the application range of
the CAMD method since every property model has its limits of application range.
Selecting the property model, therefore, implicitly defines the search space and therefore,
there is a need to develop property models that can be used reliably outside its boundary

of application range (at least for some additional region).

Target properties usually include pure component as well as mixture properties and the
selection of the property estimation model(s) raises other issues & needs, for example,
uncertainties in property estimations, availability of model parameters and size of the
search space. Maranas (1997) has incorporated the uncertainty of property estimation
methods within the CAMD problem definition. Another difficulty is associated with

unavailable model parameters. If model parameters are not available for a generated
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molecule and a corresponding property, that generated molecule can no longer be
considered as one of the candidates since its properties cannot be estimated. This may
eliminate a potentially optimal molecule. The need therefore is to develop property
estimation models with fewer parameters but having larger application ranges. In
principle, property models suitable for CAMD methods need to be predictive. Therefore,
further development of CAMD methods for applications in structured products and
formulations is closely related to the availability and usability of the needed property

models.

For design of complex molecules where a higher level of molecular structural
information need to be considered in order to search among isomers, the CAMD methods
usually employ problem specific models based on property-molecular structural
relationships. Because the molecular structure plays an important role in the estimation of
properties related to the design of these large molecules, QSAR based methods have
become quite popular for these types of design problems. Properties estimated through
parameters obtained from dynamic modelling and/or molecular modelling is necessary
when microscopic and/or mesoscopic scales have been employed for molecular structural
representations. The need is to develop special quantitative property models based on the
data generated from dynamic and/or molecular modelling plus any available experimental
data. The property estimation task could be arranged on a hierarchy based on the
computational effort and cost related to obtaining a property value. Obviously, the
experimental measurement of the property should be at one (high) end and simple, first-
order group contribution methods could be at the other (low) end. The largest number of
compounds of different types is handled at the lower end and as one proceeds upwards,
the number of compounds of different types decrease but the number of isomers that can
be handled increase. In this way, the computationally intensive calculations are saved
only for those candidates that have satisfied all other constraints based on the lower level
property models. An example of such a hierarchy is given through the listed properties in
Table 1. Note that even in this approach, the uncertainties of prediction accuracy may
eliminate some candidates. On the other hand, the method would systematically move

towards the solution, provide useful insights and keep the computational load at a
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manageable level. Note that if pure component and mixture properties were needed in a

CAMD problem, the pure component properties would be estimated first. This would

reduce the computational load significantly for the estimation of mixture properties. Also,

this may make the mixture property model more acceptable since some molecules that

could not otherwise be handled would be removed due to a specified property constraint

and not because of unavailable model parameters.

Table 1: List of properties arranged in a hierarchical order.

Hierarchy | Property type Property Calculation

1 Primary Critical temperature Additive methods
Critical pressure (group contribution,
Critical volume atomic contribution,
Normal boiling point connectivity index,
Normal melting point etc.); QSAR;
Heat of vaporization at 298 K molecular modelling
Heat of fusion at 298 K
Dipole moment
Gibbs energy of formation at 298 K
Solubility parameter
LogP
Log W_

2 Secondary Surface tension f (Sol Par)
Refractive index f (Sol Par)
Acentric factor f(Te, Pe, Tv)
Hy at Ty f(T., Pc, Tp)
Entropy of formation at 298 K f (Hy, Gy)

3 Functional Vapour pressure f(T,, P, ®, T)
Density (liquid) f (T, P., Ty, @, T)
Diffusion coefficient f(Vi, Ty, T)
Thermal conductivity f (T, My, Ty, T)
Solubility parameter f(Vu, Hy, T)

4 Mixture Activity coefficient f(T, x); £ (T, P, x)

10
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Fugacity coefficient f(T, P, x)
Density (liquid) f(T, P, x)
Saturation temperature f(P,V,T)
Saturation pressure f(P,V,T)
Solubility (liquid) f(y,x, T, P)
Solubility (solid) f(y,x, T, P)

Typical pure component (macroscopic) properties are boiling points, melting points, heat
of vaporization, partition coefficients, viscosity, surface tension, thermal conductivity,
solubility parameter and many more. Typical properties from molecular modelling or
quantum mechanics are bond energies, interaction energies, binding energies, etc. When
working with large complex molecules, the structural changes in the molecular structure
(for example, in isomers) need to be observed in a defined activity or property. Therefore,
special QSAR based models are developed and used in design of special purpose
molecules (as in Sippl et al. (2001)).

In the area of mixture properties, solubilities of solids, liquids and gases in solvents is a
very common target property, mixture viscosities and diffusivity are also quite common
for CAMD problems dealing with solvents. Properties related to different combinations
of phase equilibrium involving vapour, liquid and solid are quite common. If the solute
molecules are not large and complex, macroscopic properties from group-contribution
methods are usually sufficient, provided the necessary group parameters are available.
For large, complex molecules and or higher-level property modelling, special models

based on quantitative structure relationships may need to be developed.

NOTE: See also the manuals for ICAS, ProPred, ICAS-MoT (available under
“CAPEC\ICAS\docs” on the drive where ICAS has been installed)

11
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2. Introduction to ProCamd

2.1 Overview of the ProCamd features

The user-interface of ProCamd consists of a specifications section and a results section.
The user defines a CAMD problem by filling out only the necessary details of the

following six problem specification pages.

Azeotropetizcibility Calculations I Biodegradation Calculations
Temperature depd. props. ‘ I b imture Properties
General Problern Control | Man temperature depd. props.

In the text below, each of the six sections are explained.

2.1.1 General Problem Control
1. Preselect molecule types

e Select the molecule type (acyclic,

Azeotiope/Mizcibility Calculations I Biodegradation Calculations I

Temperature depd. props. I Mixture Properties
General Problem Contral |

cyclic or aromatic).

Man b ture depd. ! . . .
T e Select “isomer” generation option,

— Problem Title:
Tite | if necessary

[ Benerat= e Select the specific molecule type
' Acyclic Compounds [V Generate lsomers

 romatic Conpounds  Autocel il senecson (preselection of molecule types
" Cyclic Compounds L .J L -

automatically selects the groups to

— Preselection

¥ Generate Alcohals ¥ Generate Esters

I Generate Ethers be used as building blocks)

™ Generate Amines
[T Generate Amides

" Generate Phenals
[~ Gererate Compounds containing silicon

[ Gererate Compounds containing doble bonds
[~ Generate Compounds containing tiple bonds
[" Gemerate Compounds contairing Aucrine

[ Generate Compounds containing chlaring

[ Generate Compounds containing bramine

[” Generate Compounds containing ioding

[ Gererate Compounds containing sulphun
Selected Groups: BackBore———
CH3 CH2 CH C OH CH2Co ﬂ I BackBore Generation

CH2CO CHO CH3COO CH2C00 ; .
HCOO Cod Min. Free: I 1}

Max. Free: I 1}
LI Edit Groups |

12



- =

CAPEC

2. Backbone generation

BackBone
[~ BackBone Generation

Min. Free: I 0
Max. Free: I 0

3a. Select user-specified compounds
3b. Select the size of molecules
3c. Database search option

3d. Screening of properties from ProPred

— Usger specified compounds:
r Ertended Problem Control
Finirurn nurmber of groups: I 2 3:
F asimum number of groups: I 83:
Finimurn number of "'functional” groups: I 0 3:
kA awirium number of “functional” groups: I 53:
Finimunn number of zame "'functional’ group; I 0 3:
kA awirium number of same functional graup: I BE
[ Perform Database search after generation
[ Caloulate properties with ProPred engine, after initial screeening
|

Select  “backbone  generation”
option if incomplete structures are
to be generated.

Give the maximum and minimum

number of free connections

User-specified compounds can be
given by defining the molecules in
terms of groups or from a table of
preselected solvents (click on
“common solv”)

Select the minimum and maximum
compound sizes through the
number of groups allowed
ProCamd will search the DIPPR
database if “perform database
search...” option is selected
ProCamd will estimate properties
with ProPred for the generated
molecules if “calculate properties

...” option is chosen

13
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2.1.2 Non-Temperature Dependent Properties

General Problem Control Non temperature depd. props:

Min: Man: Goal:
Marmal Bailing Pait Min I 1] I 50 0
Open Cup Flash P v Max I 320 I 0 0
LogP Detaroliwe_ =% |[ 775 [ 0 0

Molecular Weight
Critical Temperature
Critical Pressure
Critical Yolume
Acentric Factor:

v Normal Boiling Point
Norrmal Melting Point
Gibbs Energy of Formation
Enthalpy of Formation
Enthalpy of Yaparisation
Liquid Malar Yol, (298K
Lig. Molar Yal, {Thail)
Closed Cup Flash Paint

v Open Cup Flash Point
Hansen P-solub. param.
Hansen D-solub, param,
Hansen H-solub, param,
Total Solubility Parameter
Surface Tension
Logiwater Solubility)
ctanol Solubilicy

v LogP (Octanalater)
Refractive Indesx
Molecular Refractivity
Dipale Momentum
Henry's Law constant

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.

2.1.3 Temperature Dependent Properties

AzeotropeMizcibility Caloulations I Biodegradation Calculations
General Problem Control I Mon temperature depd. props.

Temperature depd. props. | Misture Properties

— Denaity [g/cre):

Lower lirnit: I 0 Calculated at: IZSSK 'l
Upper limit: I 0.9 Calculated at: IZSBK "l

Goal value: I [ Calculated at: ILower lirmik T emp. YI

—Wapar Prezzure [bar):

Upper limit: I 0 Caloulated at: |298K 'l

Lowser limit: I 0.002 | Caloulated at: IUsel '“ 360 K
Goal value: I 0 Calculated at: ILower lirnit Ternp. 'I

v Liguid Denszity
YWizcosity

Diffusion Coefficient in WWater
v Wapour Pressure

Thermal Conductivity

Liquid Heat Capacity

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.

14
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2.1.4 Mixture Properties.

1. Select UNIFAC model

' . R 0
TETPerEue s, poes it ot [j
General i~ Selected Compound:
IV Pertorm Misture: Caleulations
| Hame | Database |
i~ Model:
% LINIPAF; - Original LINIFAC [¥LE)
€ UNIPARL - Original UNIFAC [LLE)
" UINILIN - Driginal UNIFAC (2 parameter, linear, YLE]
© UNIMOD - Modified UNIFAC (3 parameter, MHY2, VLE]
~Calculation Type Conditions:
& YLE - Calculations Temperature (<] |0
€ LLE - Calculations Pressuie (bar) [0
User specified | Select from database |
~Selected Key Components:
Remove User 5pecified | oK I Cancel |
||

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”.

2. Select compounds and specify the Enter the mole fractions. Click on the

mixture compositions

' UNIPAR - Original UNIFAL [¥LE]

= UNIPARL - Original UMIFAL [LLE)

= UNILIN - Original UNIFAC [2 parameter, linear, WLE]

" UNIMOD - Madified UNIFAC (3 parameter, MHV2, VLE]

—Calculation Type: ——— —Conditions: ————————
= WLE - Calculations Temperature (K); 238
% LLE - Calculations Pressure [bar): |1
— Selected Key Components:
Phenol
WATER

Edit |

—Molefractions of Key Components:
Phenol  0.0142

wiaTER 09858

ID 9858

component (in the “Molefractions” cage)

Temperature depd. props. * Midure Propeties - then type in the box the desired value and
General:
’]7 Perform Mixture Calculations preSS “Enter”.
— Model:

15
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3. Specify the mixture property constraints Right click on the left-hand side to obtain

I Hiture Fropertes the list of constraints (solvent properties).
General:
’7|7 Perform Mikture Caloulations Left Cllck on “Constraints,, to se]ect 1t
— Model:
' UNIPAR - Diiginal UNIFAC [4LE] and then fill out the data.

€ UNIPARL - Original UNIFAC (LLE)
€ UMILIN - Original UNIFAL [2 parameter, linear, YLE)
€ UNIMOD - Modified UNIFAC (3 parameter, MHY2, YLE)

 WLE - Calculations Temperature (K] [238

— Calculation Type:—— 1 Conditions:
% LLE - Calculations ’7Pressure [bar): I-\

— Selected Key Components:

Phenal
WATER

Edit |

— Malefractions of ey Components:

Pherol  0.0142
WATER 0.9858

~ Select Solute:
Phenol j

~ Constraints:

=z
El

el
REREN
A4

Solvent Loss:
Seperation Factor:

Solvent Capacity:

Feed Selectivity:

2.1.5 Azeotrope/Miscibility Calculations.

Gl Aol Conl | sl e Select “perform azeotrope ...” if ProCamd
Azentiope/Miscibiliy Caloulations ™" Biodegradation Calculations
B should also look for binary azeotrope
¥ Peirform Azechiope calculations
1 Pefor sty calitens formation (or not formation). Highlight the
™ Perform SLE calculations
[ compound and then select one of the 3
C;T?EIR ™ Don't calculate . .

© No azeatiope available options.

£~ Fom azeotiope

o [f liquid miscibility is to be checked, select this

e option and then choose from the 2 available
i~ Final mixture should be: Mixture specificatiors: . . ey eqe
£ Totaly Miscble Mass ot gemerated options — check miscibility for a fixed solvent
€ Paly/ToEy it | | compoundshouldbe [14
) Partlnhiiseible L

with respect ta:

o st amount (1.4 times the solute mass) or at
£~ Does not matter Phenal jv

S —— different intervals of temperature and
Malefraction from 0 b |0 in 103: steps
Tempatus Kl fon [T [0 n[ o= seps composition. At least 2 intervals must be

chosen. Note that totally miscible or

immiscible solutions may be difficult to find.

16
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2.1.6 Biodegradation Calculations

The options on this page are currently not recommended. A new version with more

reliable models will be implemented in the near future. The current version has

methods of small application range.

2.1.7 Starting a Calculation & Viewing of Results

Click on

shown.

L summary: x|

Mumber of compounds designed : 773 -
Mumber of compounds selected = 30

Mumber of izomers designed : 279

Mumber of izomer selectad : 58

Total time uzed to design: 3.88 =

The group : COO was not used for design
because of migzing data for ;
Scentric factor

‘Soreened Out' Statishics for Primary Calculations ©
Octanol A ater partition coef. - 5155 of B773

i o

|Use Toolbar to Mavigate through the List of Candidate Molecular Structures

|l First Stucture <<: Previous  »»: Mest >[Last Stucture

|Sort: Sort List of Candidate Stuctures  Info; Show this dislog box

[iataBank: Prezs it to visualize databaze records of compounds
matching the cument candidate structure.

|Shart: Create text file with candidate stuctures

MOTE: "DataBank button appears DMLY if the option "Perform D atabaze
Search..." iz checked.

If no compound in the databagze matchs the current candidate, the button is
dizabled [dimmed).

MOTE: Uszer compounds (if specified) matching the design requirements are
generated as candidate structures and placed at the end of the list.

Cloze

to start the calculations. On completion, the following screen is

This summary of results provides
information on how many compounds
were generated and why some of them
were rejected. Analysis of these results

helps to reformulate the CAMD problem.

17
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The generated (feasible) compounds will be The user-specified (feasible) compounds
listed first by ProCamd will be listed at the end
Compound 1 : Compound 62 [User spec.):
CH3
0

Description :
No (Groupname CH3
4 |CH3
: EHZ Description :
1 |CHZCO No |Groupname

4 |ACH
Properties : 2 |ACCH3
Property Value 2. Value |Unit -

— Properties :

Octanolf¥ater partition coef. 212 2.12 -
Flash Temperature [open cup]  [321.65 32166 [K Property Value 2. Value  |Unit
Normal Boiling point 441.26 441.26 K Octanolf\ater partition coef. 3.19 3.19
Vapour Pressure at 360.00 K 0.101 0.101 bar Flash Temperature [open cup] 322.68 322.68 K
Liquid density at 298.15 K 0.814 0.814 gicm® Normal Boiling point 415.88 415.88 K
Select. based on feed Comp. 9.48 9.48 Vapour Pressure at 360.00 K 0.170 0.170 bar
Capacity 24.49 24.49 Liquid density at 298.15 K 0.866 0.866 gicm?®
Separation factor 86.60 86.60 Select. b d on feed Comp. 46.39 46.39
Solvent loss 2.50E-004 | 2.50E-004 Capacity 2.72 2.72
NO AZEOTROP w. keycomp. no 1 Separation factor 389.00 389.00

Solvent loss 1.77E-005 [1.77E-005
IS NOT miscible with feed. NO AZEQTROP w. keycomp. no 1

IS NOT miscible with feed.

Explanation of the lower menu-bar items

|I<I<<|>>|>|| Sort | Info | ProPred |Databank| | Shart

e C(Click OK and then use the “>>" or “<<” buttons to move up or down to see the
various feasible candidate solvents.

e “sort” option orders the feasible compounds in the user-specified order.

e “info” option shows the “summary” page again

e “ProPred” option indicates that the current compound can be represented by
ProPred and that it can be launched directly from ProCamd

e “Databank™ option indicates that the current compound has been found in the
DIPPR database and its stored data can be retrieved and viewed.

e “Short” option puts all the results on the screen into a text file.

18



7, .

CAPEC

2.1.8 Other Options

Under “file” in the top menu-bar, the following options are now available.

Files from ProCamd can be saved and re-

Open. .. ChrH-O

Save Chrl+s used. Note that “backbone” problems need
Save As...

Save ProPred BackBone Problem to be saved and loaded dlfferently from

Load ProPred EackBone Problem

complete molecular structure problems.
BFimt. .. CErHP

Erimt Presigm
Print Setup. ..

Backbone files generated by ProPred need

1 WaterPhenaol.cam
s ek ci to be loaded before they can be terminated.
3 ibuprofen-back, CAM
4 backbone-2,CaAM

Run
Exit
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3 Tutorials with ProCamd
3.1 Solvent search for vapour-liquid separation
3.1.1 Acetone-chloroform example

Problem Description

A mixture of acetone and chloroform is to be separated into pure products. To solve this

problem with ICAS, follow the steps given below.

» First the mixture is to be analysed, in order to identify the azeotrope formed by

acetone and chloroform.

» It is decided to use extractive distillation for the separation. Use CAMD
(Computer Aided Molecular Design) to identify a good solvent. We know from
beforehand that benzene is a solvent for this separation. Therefore compare the
performance of the designed solvent with that of benzene. Use ProCamd to

identify new solvents.
» Use of ICAS- PDS (Process Design Studio) to design distillation columns.

> Make a simulation in ICAS of the extractive-distillation flowsheet.

Mixture Analysis

Compound Selection

Draw a stream and then select compounds by clicking on the “compounds” @l

button.
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S 6.0 - [Aceton_Chloroform.IC5]

NI
dFl\e Edit view Draw Format Def.Prob. Toolboxes Simulstion window Help

el x|
[ won| [parxER BICI E ElE R BN d = e | S | 2] 50| 0 e eré e
D[ 5] | [0 ] o 3] ] 2w | e 8[| ] ]|

| =|=|@

Stieam Number |1 ;-"EE}'.J);DE

* Enthalpy
Fram C ' " Bubblz point " Bubble point € Entiopy
MEDEREHER R | (o) et " Dew point " Intemal Energy
ToConnection  [Suoundings [~ Uss Boundaries | Divider Factors [~ £ipioi varibles

T | Optimization I™ Splitter Factors [~ Parameters
™ %Y Specifications

Temp:
= Specify Valus

"rr Speciy Value

Walue [ Known [ _Init | Pt
Temperature (K) 370) %
Erthalpy Flow (K) 0
Pressure [atm] 1 %
[Density (kmole/m™3) 0
[ACETONE (kmole/hr) 10 ®
(CHLOROFORM (kmole/hi) 10 ®
TOTAL FLOW kmole/h) o

If the tatal flov is specified the ather will be nomalized to molefractions.

T~ View Calculated Results
[Ready

For Help, press FL

[Skeady State Unit. In DynSim, this is considered a line mixer |cap [MuM [ScRL

Stream Specification

1. Double click on the stream to enter the “mixture specification” window
e Specify the equimolar mixture
e Temp.=370K

e Pressure = latm.

£ Fls [dt Vew Draew

—_—

=18 x|
Tockosss Sewiatin, Wrden 1 «l) x|
| e o T Y 2 ) s =3 3 = P L e |

D|c5(@] %[0 wilsblam)i=] o] @[04l w|w] ]velen] 913 &) o]

=
Fon s, oress F1 O
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2. 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-

<« ER) . .
left button &1 to go to the “property model” selection window.
] 53
Stream Hurnber |1— Select components to include in the calculations: ~ Properties to calculate
! ™ PT-Flash
OROFORM [ PHFlash H=[0
I” PSFlash  S= [0
‘what to plat: i Plot Type: ™ Bubble Paint Temperature
WLE-PhaseDiagram j IHactangu\arj ™ Dew Point Temperature
w-anis ™ Bubble Paint Pressure
ACFTDNE j ™ Dew Pairt Pressure
I | Incorporate remaining Sl ™ Fugacity
campanents a5 fized [ACE TONE_Vapour ™ Activity Coefficient

COMponEts F-anis ™ Fugacity Check
I Intensive Properties

=l
I™ | Shovprecipitation lines l_ =
™ Known Pressure J .

Multiple Curves I Solubility Products

Only One Curve j ™ Solubiity indices

tultiple miztuie points - independent component I~ PH-walues

No Component 'I I Reactive Bubble Point Temp.

Iultiple miztuie points - dependent component ™ Reactive Dew Point Temp.

Hate: Perform the property No Component 'I ™ Separation efficiency curves

Iculation by R
gﬁfﬁ:tlona?b; pressing Run First  Last SDteE I~ | Silubiity) Caleulation

Temperature [K] 3 o

Organic SLE Qrganic LLE |
1 1t 1]
Reset Al | Reset Anis AR ]

- 0 10 1 Pure compound correlations
- Cancel Independent Comp. [kmale] ]

100 |10

|Thermodynamic model specification

Thermodynamic Model Selection

1. Click on the “gamma-phi” option for this example

4 selection of Thermodynal X 1'

REFl e | ofa lZ

Defalt Ok
™ Use mulliphase flash [more than 2 phases) —I —I
Cancel |

~ Phase Equilibrium Model

Gamma-Phi | Select the gamma-phi approach [Different thermodynamic madels for each phase]
Fhi-Phi Select the phi-phi approach [Same thermodynamic mods! for all phases)

Selected GE-Madsl INo Ge-madel selected

Selectsd E0S Model  [SoaveRedichKwong

Saturated Yapor Pressure Conelation Heat of vaparization maodel

Select | ID\ppr Correlation 1071

DIPFR-106 cornelation [DIPFR-106]

Enthalpy madel DengityAlolume madel

DIPPR-107 |dGas comelation [Hig)
DIPPR-107 |dGas corelation + Hr from EOS [Hig+Hr)
DIPPR-100/114 1dLiq corelation (Hid)

IdGG as conelation + DIPPR-105 ldLig corelation [1dG as+dLig)
Drengity from EQS for both vapour and liquid [EODS)

L 1]

|Ready
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2. Click on the “select liquid phase model”

Gamma-Phi Setup |

Fleaze go through the following 4 steps to setup vour gamma-phi model

Select Liquid Phase Model -» | I |deal Solution |

Select Wapor Phase Model -» | I |deal Gas |

Select Sat. Yapaor Pressure corelation -» | I Diippr Carrelation 101 |
Include Poyting Correction -» l

Cancel | ok |

3. 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 (“Ideal

Gas” is fine for this problem), click OK

oemens ]
ok |

Select GE-model Org. UNIFACYLE 1par ﬂ Relax OK.
Ideal Solution

Margules

Rl _ e | EIEEEETT
Scathard-Hamer
Wan Laar

Wan Laar DECHEMA — ok
Aij [K] Drgd \wslnn

R G Mod. Wilson o
3. IAC“ ] Org. NATL Select GE-model: | [EE=RALTILR
8. ‘ACOH! Mod. NRTL

Mad. NRTL2
Regular Solution

Org. UNIQUAC O]
Mod UNIGUAC

Model Parameters

Relax OK

Model Parameters | Pure Properties I Compound Descriptionl
Orq. UNIFAC LLE 1 par
Org. UNIFACVLE 2par

Mod. UNIFAL: Lyngby 3par = riae . " p—
Hod LNFAL Limaby Sper Aij [K] 1.'CH2 9.'CH2CO 23."CCi3
LINIFAL 2 par {nevs group table) 1.°cHz 0 476 3833 243
szt ONIFAL model 3. °'CH2CO" 2676 i 354 5001
. Cl Eid 5531001 [

el

Wiew UNIFAC parameter table

The selected database s |CACAPECAICAS\databank\iccessDEY Save Parameters to Database

4. 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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4 Selection of Thermodynamic Model

REFl"H“luE-u |'Z|

™ Use multi-phase flash [mare than 2 phases)

Default |

Cancel |

r— Phase E quilibrium Model

Phi-Phi | Select the phi-phi approach (S ame thermodynamic model for all phases)

IDrg. LNIFAE YLE 1par

Selected GE-Model

Selected E0SModel  {ldeal Gas

Gamma-Phi | Select the gamma-phi approach (Diffzrent thermadynamic models for each phase]

Saturated Wapar Pressure Cornrelation Heat of vaporization model

Select | IDippr Carrelation 101

Enthalpy model Denzityfolume model

DIPPR-108 correlation [DIPPR-108

]

DIFFR-100/114 |dLic

DIFFR-107 |dGas correlation [Hig)
DIPPR-107 |dGas corelation + Hr fram EQS [Hig+Hr

DIPFR-100/114 |dLig comelation Hid]

|IdGas comrelation + DIPPR-105 1dLig correlation (1dG as+ dLig)

|Ready

5. In order to come to the mixture analysis click % in the stream specification

window. This brings up the following dialog:

Select the components to include in the calculations

Start
calculations

DACAPECAICAS \workYICAS1 .in

E = s
Strearn Murnber |1

Specify what should be on
the axis, this wheter you are
making a xy or Txy plot.

Whatto plot Flot Type:
[No F1at ¥ =]

KN

1-axis

L

I= | [ricarporate rermainding
CofiEEnEnts &s fiked
CopEnents Feis

= | Shaw percipiation lines I

I Known Pressure

"
L

L

Multiple Cunves
IOn\y One Curve

L

Multiple mixture points - independent cormponent
IND Component

L

Multiple mixture points - dependent component
IND Component

KN

Mote: Perform the property

lculation ing Fi
calculation by pressing Fun an Pzt les S

The plot should be VLE-diagram, and the plot type is retangular

—Propeties to calculats
I~ PT-Flash

I~ PH-Flash Hi= |0
I~ PS-Flash S= |0
I~ Bubble Point Termperature
I~ Dew Foint Temperature

I~ Bubhle Point Fressure

™ Dew Point Pressure

I~ Fugacity

I Akdivity Coefficient

I~ Fugacity Check

™ Intensive Properties

™ Solubility Products/Indices
I~ PHwalues

I~ Reactive Dew Point Temp

the toolbar
350 0 0

Temperature (K)
Pressure (atm) 1 U U

ResetAll | ReseiAxlsl
- i] 1 1

I Back | 0 100 10

Cancel | Independent Comp. (kmaole)

™ Reactive Eubble Point Temp.

[For Help, press F1
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Liquid-Vapour equilibrium calculation

1. Highlight acetone and chloroform, select “VLE-phase diagram”,

“rectangular” for plot type, select “acetone”

vapour” for y-axis.

2. Click on “run”

[ Emsteady State Simwulation Engine =8|
| File Edit View Help
NEETREEEE)
VLE-PhaseDiagram DIAGRAM: d
R R T T ]
CALCULATED DATALPOIMTS:
VLE-PhaseDiagrsm: Temp.= 370.00 E
CURVE NO PROP. X T PRESSURE [(atm)
1 a.ooo000 a.ooo00o0 a.0oo0o0 Z.51947
1 a.ooo000 Z.00000 1.46036 Z.80zZ596
1 0.00000 4.00000 Z.957469 Z2.7TE657
1 0.00000 6.00000 4.50494 2.77038
1 0.00000 8.00000 6.11207 2.75443
1 0.00000 10.00000 7.78667 2.73880
1 0.oo0o0o0 1z .00000 9.53430 2.72388
1 a.ooo00 14.00000 11.355878 z.709439
1 a.ooo000 16.00000 1326236 Z.69587
1 0.00000 15.00000 15.24565 Z.658313
1 0.00000 20.00000 17.30875 2.67141
1 0.00000 22.00000 19.44931 2.66083
1 0.00000 24.00000 21.66463 2.65148
1 0.oo0o0o0 26.00000 23.95078 2.64348
1 o.ooooo Z28.00000 Z26.30278 Z.63682
1 a.ooo000 30.00000 268.71482 Z.63187
1 a.ooo000 3Z.00000 31.18035 Z.62541
1 0.00000 34.00000 33.659212 Z2.62661
1 0.00000 36.00000 36.24230 Z.62649
1 0.00000 35.00000 35.82288 2.62811
1 0.00000 40.00000 41.42522 2.63149 LI
Ready mm,ﬁ &

Stream Mumber |1

I™ | Incomorate remaining
components as fived
COMPOREts

I™ | Show precipitation lines
™ Known Pressure

Mote: Perform the property
calculation by pressing Run
on the taolbar

ResetAll | FReset Axis
Cancel

=101

Select components to include in the calculations:

ETOMNE

OFOR
What to plot: Flat Type:
LE-PhazeDiagram j IHactangu\arj
H-axis
4CETONE =l

=l
[]
Multiple Curves
Only One Curve j
tultiple misture points - independent component
Mo Component - I
Multiple misture points - dependent component
Mo Component - I

First _ Last Step

Temperature [K] ar jo 1]
Pressure [atm] 1 0 a
- 1] m |
Independent Comp. [kmale] 1} 100 |10

r— Propertiez to calculate
I~ PT-Flash
[~ PHFlash  H- |0
[~ PS5-Flash 5= [0
™ Bubble Point Temperature
" Dew Point Temperature
™ Bubble Point Pressure
[ Dew Pairt Pressure
™ Fugarity
I Agtivity Coefficiant
™ Fugacity Check
I Intensive Properties
I Golubility Products
I~ Solubiity indices
[ PH-values
I Reactive Bubble Point Temp.
I Reactive Dew Point Temp.
I Separation efficiency curves
™ Solubility Calculation

Organic SLE Organic LLE |
Pure compound correlations

|Perfarm the simulation

to start the computations.

select

for x-axis, and select “acetone
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3. After the calculations are done and for continue with the mixture analysis, first

start the plotting facility by clicking il on the toolbar. Here you will the

rectangular diagram under the tools menu.

i, Yisualise It - [YLE-PhaseDiagram: Temp.= 370.00K] - E||5|
B File Edit View Grid Zoom Window Help =18 x|
D[sa] 558 S(2| we|

w

= 110 ~ . Wapaur e

2 Diagonal

8 100 — Mixture Point =

Al

a0 -

G0 -

70 =

[e@[~T@afalwl=l=T To]

muole %

60 —

a0 =

40 -

30 -

20 -

CHLOROFORM

A
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
CHLOROFORM male % ACETOMNE

Bl mlaln el =

I Y

=
i
o
=%

=

Solvent identification with ProCamd

The above problem description and mixture analysis helps us to define the CAMD
problem (step 1).

Step 1: We would like to find a solvent that breaks the azeotrope between acetone-
chloroform (or moves the azeotrope point sufficiently to one side to allow separation by
distillation) so that high purity acetone and chloroform can be recovered by extractive
distillation. The solvent should be more selective to chloroform than acetone. The
solvent, acetone and chloroform must form a totally miscible liquid. The solvent must not
form azeotrope with either acetone or chloroform. The solvent should be easy to recover

and recycle. The solvent should have favourable EH&S properties.
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Step 2: Since the solvent is selective to chloroform, search in the database to find known

solvents for chloroform that are also miscible with acetone. Use the CAPEC database

Iﬂl to identify the solvents. Use the “basic options” and search for chloroform.

g 1
[+ [ Search — Search by: Type the Search-string:
Baszic Search (=" Name Ichloroform Search CapecDB
Advanced Search ; Eolmula "
" as-number B |
Solubility Search Vigw Compound
E- E] Add & Change Data — Found Compounds:
Add New Compound Casno Chemname Smiles Formula 1=
Change Compaund Data 000625-12-6  2-Methoxyethyl-chiorofarmate CIC[=0)0CCOC CaH7CIoR
Add Solubility Data 000626-64-8 | 2-Ethoucyethyl-chloroformate CIC(=010CCOCT C5HACIOS
[+}- r_—l Miture D ata 001638-63-7  1-[Chloroformylbenzyl-acetate CIC(=00Ce] cocoed )OCC1OHACIOS
0221258-62-7  :Chloromethyl-chlaroformate CIC=000CC] C2H2C202
057933-83-2  lzopropenyl-chlaroformate CIC[=000C(C)=C CAHSCIO2
p |0000ET-56-3  {CHLORCFORM CLCHCCC] CHCIZ
Qo0079-22-1 METHYL-CHLORCOFORMATE Q=C{0CC! C2HICIO2
000541-41-3  ETHYL-CHLOROFORMATE Q=COCC)C C3HACIO2
=
M| 4|Record & > =] < >

View the chloroform data - highlight chloroform and click “view compound”

Wiew Molecular Stucture | M ake Fepaort | Back |

Properties Page 1. Properties Page 2. | Properties Page 3. | Solvert Properties Page. I Group Description, I

M lgfmol)  |119.38 g5 (knmol)} |26
Omega: 0221 RG () [3:249
Te k) f536.4 DM (Drebyel: [Toio2
Pe [atm} f54.004 Solpar (MPaI"5;  [1B52
ve (mamol  |0239 WOW Vol 3ol [0.0435
ze 0293 WDW Area (m2/kmall: 503000000
T K} [203.55 HFusion (kjkmoll ~ [3540
Th (K |334- 25 HCambust [k kmal) |'3SUUUU
Thr (K] |2ns. ] Rl |1_4431
Pir [atml: [0.000872567 FFoint (K] [0

Vi fmi3kmol) [10305043 FPI il 5] [o
igHF (kJ/kmel): {10230 FRu fvol %1 E
inBF{k)kmol): |-70100 AT K] [o
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Note the values of Tb (normal boiling point) and SolPar (Hildebrand Solubility

parameter). Note also the solvent properties page — chloroform is soluble in acetone.

Properties Page 1. | Properties Page 2. I Properties Page 3 Solvent Properties Page. | Group Description.

Solvent Cas-Humber Solvent Hame Solubility Extra Information
1 a07732-18-5 Wiater Slightly Soluble
2 000064-17-5 Ethanol Mizcreble
3 000og0-29-7 Ethyl ether Mizcreble
4 Q000&7-64-1 Acetane Saluble
CH[3 Seach Now use the “advanced search” option to find solvents
Baszic Search
Advanced Search based on search of data. Use the Tb and SolPar as

B Solubility Search constraints as shown below

Salvent: Salvent Type:

r IAcetone j - I j Search CapecDBI
Clazsification 1: Clazsification 2: Clazsification 3:

I~ |1 Nomal Flid | [ X1 T [ akanes =l
Property Select 1: Property alue 1:

M ek N EZ E

" less than " equals % gieatherthan  bebween

Property Select 2 Property W alue 2:
I¥ | SolPar e im21(1/2) 7| |1 7 Al

" lezs than " equal: geatherthan % bebween

Click on “search CapecDB” to obtain the following result
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Wiew Compaund Plat Results
— Found Compounds:
casno Chemname mw Th SolPar ;l
026435-26-6  1-n-MOMNYLMAPHTHALENE 254 42 63915 17.4093
000037-10-3  in-HEXADECANOIC-ACID 256 43 524 65 19.0959
001454-55-9  -HEPTADECANOL 256 47 =R 18.3454
000037-68-3  HEXACHLORC-1 3-BUTADIEME 26076 455,15 16,7995
000126-73-8  :Phosphoric-acid-tributyl-ester 2BE .32 SE2.15 18
026435-27-7  11-n-DECYLMNAPHTHALENE 265 .44 65215 17.2024
00007 7-47-4  HEXACHLOROCY CLOPEMTADIENE 272TT 212158 19.164
000034-69-5  :DISOBUTYL-PHTHALATE 278.35 SE9.6S 18.4638
000054-74-2  :DIBUTYL-PHTHALATE 27835 E13.15 15.9756
000037-11-4 - STEARIC-ACID 254 45 52315 19.0405
000118-74-1 Benzene hexachloro- 28475 59315 20.3947
000479-43-5  (TETRYL 28718 45315 17.1965
000141-20-8  :Dodecanoic-acid 2-(2-hydroxoyethowyet 1288 43 54315 17.8
000629-96-9  1-EICOSAMOL 28555 55215 15.0606
000101-02-0  :Phospharous-acid triphenyl-ester 3029 3315 19
000506-30-9  in-EICOSANIC-ACID 3254 G015 15.4509
000109-43-3  :DIBUTYL-SEBACATE 1447 51765 171261
000630-76-2  :TETRAPHEMYLMETHAMNE 32043 TO04.15 17.0606
B |000632-51-9  TETRAPHENYLETHYLEME 33244 8315 181796 ﬁ
4 | 4| Record | 483 I 0D >

Now refine the search by adding that the solvent must also be totally miscible with

acetone
Solvent: Sokvent Type:
v IAcetone j Ird IMiscrebIe j Search CapecDB |
Clazsification 1: Clazsification 2 Clagsification 3:
|1 Nomal Flid i | 21 T[4 akanes =l
Froperty Select 1: Property % alue 1:
A YT R EE [

lessthan € equals % geatherthan € between

Froperty Select 2 Property 4 alue 2:
M soPar fmiarniz o] 17 21

 lessthan © equals € greatherthan % between
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Yiew Compound Flot Results
—Found Compounds:
casno Chemname mw Tb SolPar =
000064-19-7  (ACETIC-ACID B0.05 391.05 19.0073
000126-88-7  METHACRYLOMTRILE E7.09 36345 19.094
000078-93-3  METHYL-ETHYL-KETORE 7211 339263 188787
000071-43-2  Benzens 7811 35313 18.7286
000110-83-8  (CYCLOHEXERE 8215 356.05 174235
000110-02-1  THIOPHENE a4.14 35715 201208
000505-22-6 i1 3-DIOKARME G3.11 37923 206721
000123-81-1 1 d-DICHARE G811 37463 20,5354
000110-01-0  TETRAHYDROTHIOPHERE 8817 39415 20 4603
000616-44-4  3-METHYLTHIOPHENE 9317 33865 195471
000554-14-3  :2-METHYLTHICPHENE 9517 33373 193763
000108-81-8  (CYCLOHEXYLAMIME 9918 407 15 188281
000080-62-6  METHYL-METHACRYLATE 10012 37365 18.5308
000123-54-6  ACETYLACETORME 10012 41113 19.5267
000565-69-5  ETHYL-ISOPROPYL-HETCME 10016 38665 17.3251
000108-10-1  METHYL-ISCBUTYL-KETCOME 10016 38965 17.4328
000108-38-3  im-XYLEME 10617 41225 180535
000106-42-3  ip-#YLEME 10617 41143 17.9031
000035-47-6  io-HYLEME 10647 417 63 18.3823 =
W] 4|Recard 63 [ KN |»|J

Revise now the CAMD problem definition based on the above information — The solvent

can be acyclic hydrocarbons and ketones (aromatic compounds, chlorides, dioxanes are

not considered for EH&S concerns). The normal boiling point should be higher than that

of chloroform (334 K), the molecular weight could be between 70-120, must not form

azeotrope with either acetone or chloroform, and, must be totally miscible with the binary

mixture of acetone and chloroform.

Step 3: Start the ProCamd toolbox from the ICAS toolbar by clicking @

General problem control

First the type of compounds and size has to be selected. This is done on the “general

problem control” page.

Guidelines:

M Design acyclic compounds containing groups of C, H and O atoms (select all

molecule types with C, H & O atoms)

M The size should be from 4 to 8 groups and with maximum 1 functional group

M Select the “perform database search after generation”

“Non-temperature dependent” & “temperature dependent property” specifications

1. Specify non-temperature dependent properties.

Guidelines:
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M Use molecular weight from 70 to 120 g/ mole. (uncheck “goal”)
M Normal boiling point from 340 to 420 K. (uncheck “goal” )

2. No “temperature dependent properties” needs to be specified.

Mixture properties

M Specify the azeotropic mixture as the feed mixture (0.344 acetone and 0.656
chloroform) at 345 K and 1atm.
M Specify a minimum selectivity of 1.7 for chloroform

M Select Chloroform as Solute.

Azeotrope/Miscibility calculations.

M For azeotrope calculation specify that the designed compound should not form
azeotropes with any of the compounds in the mixture.

M Miscibility calculation may be made at fixed amount of solvent, calculations
at intervals are not necessary, and the final mixture of acetone-chloroform and
solvent must be totally miscible.

M Mass ratio of generated compound should be 3 times (by weight) with respect

to chloroform.
Start calculations
Click on “GO” to start the calculations (generate and test with ProCamd)
Results
After the execution has been completed, the results will be shown on the right hand
side of the user-interface and a “summary” page of results will be shown. Check the

information given and then click on OK to close it. This page can be opened at any

time by clicking on “info”.
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Summary : il

Mumber of compounds dezigned : 5614 s
Mumber of compounds selected : 53

Mumber of izomers designed : 133

Mumber of izomer selected : 111

Total time used to dezign : 1.97 =

"Screened Out' Statistics for Primany Calculations :
Functional group screening : 5355 of 5614
Maormal Bolling point : 36 of 259

Molecular weight : 92 of 223

Solvent loss : 7 of 131 =
kil _>l_I

|Use Toalbar ko Mavigate through the List of Candidate Malecular Structures

[ First Structure << Previous > Mest »LLast Stuchure

|Sort; Sort List of Candidate Stuctures  Info; Show this dislog box

D ataB ank: Press it to visualize database records of compounds
matching the current candidate structure.

|Short; Create text file with candidate structures

MOTE: "Datab ank' button appears OMLY if the option "'Perform D atabaze
Search..." is checked.

If ho compound in the database matchs the current candidate, the button is
dizabled [dimmed).

MOTE: User compounds [if specified] matching the design requirements are
generated as candidate structures and placed at the end of the list.

Cloze I

Scroll up or down to analyze the different feasible compounds. Reorder the

compounds according to specified sorting criteria.

Compound 110 :

Result of databank scan x|

The following compaunds fram the databank match the 1. arder description :

3-METHYLHEPTAME
4-METHYLHEPTAMNE
3-ETHYLHE®AMNE
Description :
Mo (Groupname
3 |CH3 Ml Details I Close
4 |CHZ
1 |CH
Properties :
Property Value |2. Value [Unit
Normal Boiling point 396.54 |396.54 |K
Molecular weight 114.22 |114.22 |gimol
Solvent loss 0.161 |0.161
Selectivity 3.35 |3.35
NO AZEOTROF w. keycomp. no 2
NO AZEOTROP w. keycomp. no 1
IS miscible with feed.

Use the “>>” or “<<” buttons to move up or down to see the various feasible

candidate solvents. If the solvent candidate is available in the database, “databank”
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will be highlighted on the lower menu-bar. If the solvent candidate can be represented
by ProPred, “propred” will be highlighted. Identify and chose the “2-methylheptane”

as a solvent, by clicking on “Databank” button.

To transfer the solvent information to ICAS, click on “Select as solvent” in the

“Results and Database scan” window.

Separation efficiency computation
Problem Setup

In the ICAS main window add the solvent by “selecting the compounds”.

Then return to the property “utility” window, highlight acetone and chloroform, select
“VLE-phase diagram”, select “rectangular” for plot type, select “acetone” for x-axis,

select “acetone vapour” for y-axis, select “2-methylheptane” under multiple curves.

Check also the items shown in the window below. Click on “run” E to start the

computations.

A rroperty - C:\CAPEC\ICAS! work\ICASS.in P [l

&| S| 2|

Select components ta include in the calculations: — Properties to calculate
Stream Number |1 ONE ™ FTFlazh
OFDR
2METHYLHEPTANE s b= |
[~ PS-Flash 5= |0
What ta plot: Flat Type: [" Bubble Paint Temperature
VLE-PhaseDiagram ﬂ IHEC‘E"‘QUIWj ™ Dew Point Temperature
H-aris [~ Bubble Point Pressure
ACFTDNE j [ Dew Print Pressure
¥ Incorporate remaining FELLS [ Fugacity
components as fiked ACETOME_Yapaur j [ Activity Cosfficient
canmponents i I F ;
- ugacity Check
™ Showprecipitation lines l_ j Wl lerive Femerizs
¥ Enovin Pressure P
Multiple Curves [~ Solubility Products
2METHYLHEPTANE j [ Solubility indices

Iultiple mizture points - independent component [~ PH-values

IND Component 'l [~ Reactive Bubble Paint Temp.

tultiple mixture points - dependent component [~ Reactive Dew Paint Temp.
Mote: Perform the property INo Companent 'l ¥ Sepatation efficiency curves

lculation by Fi " . .
g:f#eat?;baA:DIESS\ﬂg un First  Last SUteE I Salutility Caleulation

Temperature (K] 300 |0

—— Praseurs [atm] 7 T 0 Oiganic 5LE Organic LLE |
—I —I 2METHYLHEPTANE [kmale] 0 2 1 Pure compound corelations

Cancel Independent Comp. (kmaole) 0 100 |10

[Ready
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Calculation steps

The calculated values are shown on the output window (as shown below).

ORI = =
n(E] (=@ 53| - —
ANMOUNT OF FIXED 2-METHYLHEPTANE =  0.000% ill |

1ol x|
AMMOUNT OF FIXED 2-METHYLHEPTANE = 1.000% I
AMMOUNT OF FIZED 2-METHYLHEFTANE =  2.000%
CALCULATED DATAPOINTS:
VLE-PhaseDiagram: Pres.= 1.00 atm e
CURVE NO PROE. ¥ TEMPERATURE (K} e
1 0.,00000 0.00000 0.00000 334.24672 e
1 0. 00000 2.00000 1.20442 334,49985 L
1 0.,00000 4.00000 2.46637 334.75147
1 0. 00000 6.00000 3.80134 335.00326
1 0.00000 §.00000 5.z22123 335.25409
1 0. 00000 10.00000 £.73508 335.50225
1 0.00000 1z .00000 5.34940 335.74577
1 0.00000 14.00000 10.06874 335.96246
1 0.00000 16.00000 11.89557 336.21004
1 0.,00000 18.00000 13.83056 336.42622
1 0.00000 20.00000 15.87271 336.6287¢ it Temp.
1 0.,00000 22.00000 18.01937 336.81546 i
1 0.00000 24.00000 20.26641 336.98439 DEINED
1 0.,00000 26.00000 2z.60828 337.13401 [
1 0. 00000 25.00000 25.03814 337.26206 =l
eady (AP UM [CRL
FEser Bl | Fesa s
[ ] e 2METHYLHEPTANE (kmale) o 2 |1
Back Cancel Independent Comp. [kmole) o 0 [0

[Perfarm the simulation

Plot view

Close this window and then click on the “plot-view”

“utility” window to see the plots.

button the main property
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Distillation Design and Simulation

This part shows the use of ICAS, PDS, and the simulation engine for the synthesis,

design and analysis of an extractive distillation operation.

Design

1. Select the stream in ICAS.

: . [=4]
2. Start Process Design Studio (PDS) : from ICAS

3. Go to “Standard calculation” in the project tree, and then go to “Problem Setup”

and “Add Task”. Include all compounds and accept the default thermo.

4. Add a residue curve diagram task. Plot residue curves to find the separation

boundaries. Identify the obtainable products.

(54.3/{
50

five startingpoint for the residue curve calculation:

t [Prablom & Caleulati Vi Wind Hel Camponents: Molepercent
1i alculations 2w | glalalt) =
L | Erablem -etup | s = 1: [BCETONE [
I LCompound selection
2 [CHLOROFORM [5714
- Model selection
= LR 3 [ZMETHYLHEPTANE |5.57
Besidue / Binodal
pounds | Distillation design module Cancel |
1 calculations

5. Now add an equilibrium based distillation design task and remember to set the

thermo model to equilibrium based thermo model.

|G I 1S SIS 1
" Select from models available for residue curve & drivin
& Select from model: available for the equilbrium bazed

Yapar phase:

I'I : Ideal gas
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6. Set the feed conditions to the column (350K, latm, 1 mole, 0.1 molefrac Acetone,
0.1 molefrac Chloroform, 0.8 molefrac 2-MethylHeptane). Set reflux ratio to 15.
Set the lightkey to Acetone. Set distillate to 0.98 Acetone, 0.01 Chloroform, 0.01

2-MethylHeptane. Click the “Get top/bottom spec” button and specify the
distillate flowrate to 0.088. Click “Calculate”.

(% Calculate battorn composition [
" Calculate top composition
Simatip Attt st ID e _ L

Remember that if the mixture iz behaving azeotropic, the

Change the reflux ratio until a feasible and acceptable/desirable design is obtained.
(The tray-by-tray calculated values are shown if and only if the specified reflux ratio

is greater than the minimum. Otherwise, an error message is given.)

7. Click on “results” to get a visual picture.

B Prosc s De-sign Stiudie - [Phcsiges1]

Elee g grobiesseny Coulues goom Yndow by
DEE ‘e &%

==
Alltempersures are Splayed in Celtivs CHLOROFORM
100 0
A
/N
90/.1" 10
/ \
/ A
& / hao
/ A
/ |
10, ‘-\'\:’J
/ N
P ‘\
.,nf_/ o
r *,
=0 A\
/ AY
f/' by
el e Y
an — NEo
N\,
\
A\
YN ao
N
\\\\\
=90
\\
\\
100
Teo Tey o Tm "0 Tin 'n
METHLHEPTANE
Ready Eelous M
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Transfer results to ICAS

8. Click “Transfer results to ICAS” to transfer the data to

the ICAS for steady state simulation. Following the steps all the design data will
be transfer (number of trays, product specifications, reflux ratio, feed tray,

product rates, as well as temperature and composition profiles).

el conneclion streams for the column

#0ply design information to: INew column j QK.
Mew column name: ID|5'|'S'|'D1 Cancel

—Specify column connection stream numbers

Feed stream 1: IW Feed stream 2: |2
Top product: IZ— Baottom product: |3

Mote: The too oroduct should alwavs have the lowest stream number.

Simulation

1. Start ICASSim A= to perform a steady state simulation of the extractive
distillation column using the results from PDS as initial estimates for the rigorous

model.

LIQUID FRACTION 1.00000 0.00000 1.00000
(Fmole/hr)

LCETONE 10.00000 5.5B8275 1.11725

2-METHYLHEPTANE 50. 00000 0.04789 79.85211

CHLOROFORN 10.00000 0.0893¢6 9.93064

TOTAL 100.00000 9.00000 91.00000

2. Design and add the solvent recovery column: Use the driving forced based
distillation design algorithm. Go back to PDS and choose the driving force
algorithm to design the second (solvent recovery) column). The specifications and

results are highlighted below:

37



7, .

W, =
Define binary misture:
Component 1: Component 2
|cHLoRoFORM 7] [2METHYLHEPTANE]
& Lightkey  Lightkey

Swstem pressure |1 Generate VLE data
b of Light Compound:~ |0.001 *d of Light Compound: IU.SSS

feed of Light Compound: [0.11] R/Ri ratic: |1_2

¥ Use of Scaling Factors

Start calculation

Mumnber of Plates for 15t Algorithr: (20

i~ Azeatrape information:

Mo azeatiope, Light K.ey compounds is: CHLOROFORM

i~ Secondary separation efficisncy:

SSE max. 0300000, :0.745453, S5E:0.445459

Light praduct: |1 00 % CHLOROFORM

Heavy ploduct:|1 00 % 2-METHYLHEFTANE

IVapor composition of feed: Subcoaled liquid

Rimnin: |1-5891 B3 R |1-8830035 Minirurn Mo Plates: I'|3

"Feed plate location

Simple algorithm; (16 McCabe-Thigle algorithm: |7 ‘

& |Use feed plate location from driving force based algarithm

Transfer results to ICAS
’7(" Uze feed plate location from McCabe-Thiele algorithm

Tranzfer

3. Transfer the results to ICAS as in steps as in steps 8-9 section 5.1. ICAS will open

up the following dialogue to place the second column.

,—b-

2

1 ———WnSTSTO0

i
3
e

Set connection streams for the column E

Apply design information to; INew column j 0K I
IDISTSTD2 Cancel |

Specify column connection stream numbers———————————————————

Feed stream 1: |3 2

|4 5

Mote: The top praduct should always have the lowest stream number,
compared to the bottom product stream.

Mew column name:

Feed stream 2:

Top product: Bottom product:

4. Add the recycle-loop in ICAS and perform simulation on the total flowsheet: The

recycle loop is closed manually by placing a mixer. In stream 6 the flows should

be 10 kmole/h acetone, 10 kmole/h chloroform, 1 kmole/h 2-methylheptane. In

stream 1 the values should be marked as initial estimates. Finally the outlet

temperature from the mixer should be 350 K.

38



PISTSTD1

-
0 MHER1 I

Optimisation

L iSTSTOR2

=

Save your problem

Go the following directory C:\CAPEC\ICAS\work\Ex\Opt\AcetoneChloro

STRELM NUMEER

TENPERATURE (E) 350.00000 332.04270 373.15131 342.63881
PRESSURE (atm) 1.00000 1.00000 1.00000 1.00000
ENTHALPY (E/Kmole) -27615.86917 -Z4505.51626 -Z6910.01571 -14287.60495
ENTROPY (1/Kmole) 41.50294 35.062145 44, 69363 37.41161
U-EMNERGY (E/Kmole) -27616.02699 -24532.76285 -26910.18654¢ -—14315.72103
DENS. (Kmole/m™3) B.336Z8 0.03670 5.55403 0.03557
VAPOUR FRACTION 0.00000 1.00000 0.0000o0 1.00000
LIQUID FRACTION 1.00000 0.00000 1.00000 0.00000
———————— (Fmole/hr)

ACETONE 10.000339 9.05478 0.94563 0.94524
CHLOROFORM 10.95540 0.85620 10. 13220 9. 14408
Z-METHYLHEPTANE 89.55447 0.06853 89.82593 0.93118
TOTAL 110.88325 9.57949 100.90376 11.02051
STRELM NUMEER 5 [

TEMPERATURE (K] 389.00747 350.00000

PREISURE (atm) 1.00000 1.00000

ENTHALLPY (E/Kmole) -27545.64659 -19114.10880

ENTROPY (1/Kmole) 47.80138 36.69383

T-ENERGY (E/Kmole) -27545.830581 -1914:2.82893

DENS. (Kmole/m*3) 5.4z2529 0.053482

WVAPCUR FRACTION 0.00000 1.00000

LIQUID FRACTION 1.00000 0.00000

———————— (Fmole/hr)

ACETCONE 0.00039 10. 00000

CHLOROFORNM 0.98811 10. 00000

Z-METHYLHEFTANE 85.89475 1.00000

TOTAL 89.88325 21.00000

Open the file AC_CH_MPE.ICS and then click on ®T to enter the optimisation toolbox.

x|
—Avallable objects—— [~ Awvailable p { i~ Defined variables
Unitz Diesign Object
DISTSTDA N RebRixDist1 Product2éi «
DISTSTDZ2 RebRfxDist2 Product4Cl
Div1 SolventFlow QD0
MIXERT Grnizer]
MIXERZ Crmixer2
MixERZ ] Qmiserd
CondDist]
Streants CondDist?
1 - RebDist1
2 FebDist2
3 PuityZée
4 O ek ACIE
g LI Delete | Delete
Tear streams X
7 — Defined equation
1 Obijective
|-1D 2638°Product24c-21.3888 Product4CIFm+33.00065* S olve Set objective... |
Constraints
Puiity Acetane : Purity2ae d Add constraint...
Narflowshest Purity Chiorofomn : Purity4CIF —_—
design vanable... Delete constiait
~File—————
Load | Save

Advanced settings. .. | Wiew resulls...
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Click on “set objective” to see the objective function
Double click on the “constraints” names to see the constraint functions
Double click on the “design” variables to see their details

Click on “advanced settings” to see the NLP solver specification

YV V VYV V VY

Click on “OK” to return to ICAS and then click on |E to start the

optimisation run. On convergence, click on 7| to return to the optimisation
window and then click on “view results” to see the detailed optimisation

results.
Related problems

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

Find solvents for methyl acetate from methanol separation (VLE separation)
3.1.2 Azeotrope Search

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 < T, < 500 K.

To solve this problem, we need to use ProCamd (“General problem control”, “non-
temperature dependent. properties”, “mixture properties” and “azeotrope/miscibility”

pages). A sample of the data specified is shown below.

General Problern Cotitrol | Non temperature depd. props. |
~ Problem Title: - -
remem e Temperature depd. props. I Fisture Properties |
i binary azeotrope with ethanal (totally miscible C . . . .
Tide. [binary P (ataly ! Azeotrope/Mizcibility Caloulations | Biodegradation Calculations |
— Generate: General Problem Control Man temperature depd. praps.
 Acyclic Compounds I;tGTneLa.te.b.tU."Te'S . Mir: e Goal
: ULosIack In imitial generation: - .
" Aromatic Campounds ! . Maormal Boiling Point [K): I 300 I 500 I o
@ Cyrlic Compounds o
— Preselection
¥ Generate Alcohols v Generate Esters
¥ Generate Ketones v Generate Ethers
[V Generate Aldehydes [~ Generate Amines
¥ Generate Acids [~ Generate Amides
™ Generate Phenals
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Temperature depd. props. Misture Praperties Azeotrop-efMiscibility; Eaicul.ations : Bindegradation E;alculations

—Gerj I — General:

|7 v Perform Azeotrope calculations

= o .

Mok ¥ Perfarm Mizcibility calculations

(% UNIPAR - Original UNIFAC [VLE) I Perform SLE caleulations

" UMIPARL - Original UMIFAC (LLE] — Azeotrope Specifications:

€ UNILIM - Original UNIFAC (2 parameter, linear, WLE) ETHAMOL

" Don't calculat
" UNIMOD - Modified UNIFAC [3 parameter, MHY2, YLE] - ot ealuEte
Mo azeatrape

— Calculation Type:————— "Condition& s —— & Fomn azectiope

% WLE - Calculations Temperature [K): |3UU
™ LLE - Calculations Pressure [bar: |1

— Selected Key Components:

ETRANTL — Miscibilty 5pecifications:
V¥ Perform calculations in an interval
= — Final mizture should be: Mizture specifications:
Edi... | - o ;
Totally Miscible M a5z ratio of generated

" Partly/Tatally Miscible compound should be |1.4
& Partly Mizcible

— Molefractions of K.ey Compaonents:
ETHANOL 1.0000

with regpect to:

" Mon Miscible
" Does nok matter I j
ID — Interval specification
— Select Solute: tolefraction from IU ta |1 in] 1 U::I steps
ETHANOL j Temperature [K] from IBDD to IdDD inl Sﬁ steps

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.

Compound 37 :
Properties :

— Property Value Unit
Description - Normal Boiling point 400,14 K
No |Groupname AZEOTROP w. keycomp. 1 at XgenfTaz:|0.60 } 341.53 K
4 |CH2
1 [CH2CO0O

Miscibility :

TYyx 0.00(0.11]|0.22]0.33|0.45|0.56 |0.67 |0.78 |0.89 |1.00
300.00 | M M M M M M M M M M
325.00 | M M M M M M M M M M
500 (M M M M MM M M M
37b00 M M M WM M MM M M M
400,00 M M M M M M M M |M M

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

ethanol
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Repeat the above problem where the cyclic compounds do not form azeotrope

with ethanol

3.2 Solvent Search for Liquid-Liquid Separation & Mixture Design

3.2.1 Solvent search for liquid-liquid extraction

We have a water stream that is contaminated with phenol (0.0142 mole fraction of

phenol in water). We need to remove the phenol through solvent-based liquid-liquid

extraction. The solvent must be totally immiscible with water and dissolve the phenol.

The extraction operation will take place at 298 K and 1 atm. Find an environmentally

friendly solvent.

For this example, we skip steps 1 and 2 and go directly to step 3 for the following

CAMD problem specification.

General problem control: Find acyclic compounds (and isomers) from
hydrocarbons plus alcohols, ketones, aldehydes, acids, ethers and esters;
minimum number of groups is 2, maximum number of groups is 9, maximum
number of “functional” groups is 6, maximum number of same “functional”
groups is 6; search the database.

Non-temperature dependent properties: Maximum normal boiling point is 450
K; Minimum open cup flash temperature is 320 K; Minimum LogP
(octanol/water) is 1.5

Temperature dependent properties: Upper limit of density at 298 K is 0.9; lower
limit of vapour pressure at user specified temperature of 360 K is 0.003 bar
Mixture properties: Select “perform mixture calculations”; select UNIPARL —
Original UNIFAC-LLE; LLE calculation type; phenol and water as the selected
key components (note that if a stream with phenol and water was defined before
entering ProCamd, this information would be automatically transferred together

with the mole fractions of the mixture); select phenol as the solute; and the
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following constraints — maximum solvent loss = 0.001, minimum separation

factor = 80, minimum solvent capacity = 2, minimum feed selectivity = 8

e Azeotrope/miscibility calculations: Select azeotrope calculation and miscibility

calculation; solvent must not form azeotrope with phenol;

perform miscibility calculation with fixed repeat the calculations with miscibility

amount of solvent (1.4 times that of calculations at

phenol)

intervals of 0-1 mole
fraction in 10 intervals and 290-300 K in 2

intervals and “partly miscible”

— Mizcibilty Specifications:

— Final mixture shauld be:
" Taotally Miscible

! Partly/T atally iscitle
! Partly Miscible

& Mo Miscible

' Does not matter

™ Perform calculations in an interval

Misture specifications:

Mazs ratio of generated

compaotind should be |1 4

with rezpect to:

— Mizcibilty Specifications:
[V Perform calculations in an interval

— Final misture should be: Mixture specifications:
™ Totally Mizcible
= Partly/Totally Mizcible

@ Partly Miscible

M ass ratio of generated

corpound shauld be |1.4

with regpect to:

" Non Mizcible

— Interval specification:

Molefraction from ID

Temperature [K] from IESD

Fhenol
I = ﬂ 7~ Does not matter IF'henoI j
— Interval specification:
to I1 in] 1Dﬁ steps Malefraction from ID ta I‘I in] 1D::| steps
to IBDD inl 2ﬁ steps Ternperature (K] Fromn |290 to ISDD inl 2ﬂ steps

Start calculations by clicking on “GO” — when calculations are completed,

the following “summary” of results is given by ProCamd (as shown below).

Summary :

Mumber of compounds designed : 6773
Mumber of compounds selected : 47
Muriber of izomers designed : 404
Mumber of izomer selected : 77

Total time uzed to design : 3.48 5

|»

The group : CO0 wasz not uzed for design
becauze of mizzing data for
Acentric factor

"Screened Out' Statistics for Primany Calculations :
Octanolfwater partition coef. : 5155 of 6779

i o

|Use Toolbar to Navigate through the List of Candidate Molecular Stuctures

ll<: First Structure << Previous > Mext >ELast Stucture

|Sort: Sort List of Candidate Stuctures  Info; Show this dialog box

D'ataBank: Press it to visualize database records of compounds
matching the curent candidate structure.

|Short; Create test file with candidate stuctures

MOTE: "DataBank" button appears OMLY if the option "Perform D atabaze
Search..." is checked,

If no compound in the databaze matchs the curent candidate, the buttan iz
dizabled [dimmed].

MOTE: User compounds (if specified] matching the design requirements are
geherated as candidate stuctures and placed at the end of the list.

Close
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The structural description of the generated (feasible) molecule together with
the calculated property (constraints) values is shown on the left-hand side of

the user-interface for each feasible molecule.

|»

Compound 16 :

Description :
No (Groupname
CH3

CH
CH2C0O0

— |

2. Order description :
No (Groupname
1 |CH[CH3]JCHI[CH3]

Properties :

Property Value 2. Value |Unit

Octanolf¥Water partition coef. 2.457 257 b
Flash Temperature [open cup] 322.24 324.06 K

Normal Boiling point 428.99 433.44 K

Yapour Pressure at 360.00 K 0.594 0.478 bar

Liquid density at 298.15 K 0.866 0.876 gicm?*

Select. based on feed Comp. 11.42 11.42

Capacity 79.59 79.59

Separation factor h27.62 h27.62

Solvent loss 2.25E-005 | 2.25E-005 -
I |<< | 33 | | I Sart I Infa ProPred | Databank | Shart

Repeating the calculations with miscibility calculations at intervals of
composition and temperatures, gives the same results with the following

additional information

Miscibility :
Tix [0.00]0.11]0.22|0.33|0.45|0.56 |0.67 (0.78)0.89

1.
29000014 |IM I |IMA |IM I |IM (I I (M
300001 |IM |IM |[IM4 |IM |IM |IM [IM |IM (M
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Step 4: Verification — Add the selected solvent to the phenol-water system

and use ICAS-Utility option to draw the ternary LLE phase diagram to verify

the creation of two phases and separation of phenol from water.

Related problems

* Find non-aromatic organic molecules (with T, less than 400 K) that when added to

a mixture of acetic acid — chloroform in the liquid phase, causes a phase split.
Assume T=300 K and P=1 atm

ProCamd problem definition requires General Problem Control; Non-temperature

Dependent properties; Mixture Properties; and, Miscibility Calculations. The Screen

shots below show the problem definition pages and the results from ProCamd.

[__aceticacid-chloroform.CAM - ICAS: _[=] x|
Fle Edit Wiew Options Help
SEFTIFETET T
Aazeotiop Caloulations | Bic Calculations | — | Compound 1: =
General Problem Convial | Man temperatre depd. props. [Csummary: x|
Temperature depd. props Mite Propetties -
Number of compounds designed - 4437 =
General Number of compounds selected : 7
(F Perform Misture Calculations Mumber of isomers designed : 7
Nurmber of isomer selected : 7
Total tie used to design: 0.37 5
~ Model
C .
VR - @i e R A L) S et ity B s
5 UNIPARL - Driginal UNIFAC (LLE) Mormal Baling point: 4045 of 4437
Miscibiity Caleulation Falled : 410 of 451
" UNILIN - Original UNIFAC [2 parameter, inear, YLE) Miscibiity Caleulation : 34 of 41
" UNIMOD - Modified UNIFAC 3 parameter, MHVZ, VLE] J;l
« v
~ Caloulation Type Condiions:
 YLE - Calculations Temperature (KE 300 [Use Toolbar to Navigate through the List of Candidate Molecular Structures
 LLE - Caleulations Pl | I< First Structure. << Pravious 55 Hest >ELast Stucturs
[~ Selected Key Compenents: [Seit; Sort List of Candidate Structures  Info: Show this dialog box
SLENLACD Dbk Fress 1o visules datsbase records of cormpounds
CHLOROFORM ;
matching the current candidate stucture. .00
7]
Edit [Shatt Create text i with candidate stuchuies ]
NOTE: "DataBark” button appears ONLY if the option "Perform Database
~ Molefractions of Key Components: Search. ' s chackes "]
ACETICACD 05000 IF o compound in the databass maichs the cunent candidate. the button is
CHLOROFORM 05000 disabled [dimmed).
NOTE: User compounds (i specified) matching the design requirements are
0.5 geneiated as candidate stuctures and placed at the end of the list -
Select Solute: Close |
[ACETICACID =]
i~ Constraints: Wi M Goal
i1 3 I B Y Info | ProPred [ Dalabar [ shot_|
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aceticacid-chloroform.CAM - ICAS-ProCAMD =& 5‘
File Edit Yiew Options Help
D[c|e| % |e=(@) =|2] =
General Problem Conrol | Non temperature depd. props. | — | Compound 1: =
Temperature depd. props. | Misture Properties |
p Caloulations | Calculations /-
General on
I™ Pafomizechops ploualions
I Petfoim Miscibilty calculations —
Description :
I~ Peifoim SLE calculations
No P
1 [cH3
1_|[OH
Properties :
Property |Value ‘2. ValuelUni(
Normal Boiling point [288.58 [288.58 |K
- Miscibily
[¥ Pertom caloulations in an interval .
Tix 00]0.11]0.22 [0.33]0.45 [0.56 [0.67[0.78[0.83]1.00
~Final misture: should be: Misture specifications: 300.00 M M YRRITY
© Totaly Miscible Mass ratio of generated 305.00 M M M [M
1 Partly/T atally Miscible: compound should be [1.4 310.00 M M M M |M
@ Partly Miscible 1| [315.00 M M |IM MM
with respect tor 320.00 M MM M
 Non Miscible -
" Does hot matter IAEET‘EAE‘D J
~ Interval b
Molefraction fom [0 o1 in| 10=] steps
Temperatwre (KIfiom [300 to[320  in| 5 steps
=|
MARBEEED Info | ProPred [ Datebarke [ shem |

* Find solvents for hexane-benzene separation (LLE separation)

3.3 Solvent-based Solid Separation

3.3.1 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 M .
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Properties Fage 1 | Properties Fage 2. I Properties Page 3. I Solvent Properties Page. I Group Description. I Other DI‘ODeI'tleS .
Name: [Prenal Thm= 314.06 K
Svnonym 1 IPHENDL Tb = 454.99 K
Synanpm 2 I 2
Synonym 3 IPhenoI SSP = 2463 (MPa)
CasN 000108-95-2 Mathias CC1 0.9723
D | Hiys = 11510 kJ/kmole
Famula: ICEH &0 Mathias CC2 I'I .5836
Sriles [Peteecetien MahissCC3  [333%5 T.=694.25 K
Classification 1: |3 Polar Azsociating Compaunds Antoine A: £.93051
—_—— e P, = 60.498 atm
Classification 2: I1 Organic Antaine B: |1332 B5
Classification 3: I1 Alcohals Antoine C: |'|55-453 VC = 0229 m3/km016
Date: |1 0-06-1933 Min Temp. [K): |31 4.06 3
Netos. | MusTerg. [P0 v =0.889 m’/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
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 < dgp <
26 (MPa)m. 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 M and then click on
“advanced search” in the CAPEC database. Then select the options for the search engine

as shown below.
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Salvent; Solvent Type:
I I‘I-F'ropanol j ] I j
Classification 1: Classification 2:

|1 Nomal Flid i ol

Property Select 1:

Property Yalue 1:

Classification 3:

j I |1 Akanes

Search CapecDB |

&

{Tm (K]

Froperty Select 2:

Jid [ EET

® lessthan  © equals

Froperty \Walue 2:

|0

" greather than  © between

=

[SelPar (kiim™3y(1/2) ][22

 lessthan ¢ equals

26

" gieather than % between

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

figure below. It can be noted that 41 candidates have been found.

Wiew Compoundl Flot Results I
— Found Compounds:
casno Chemname mw Tm SolPar -

0o000s0-00-0  FORMALDEHYDE 30,03 18115 235245
000074-59-3  METHYLAMIME 31.06 179.75 231033
000073-05-5  ACETONTRILE 41.05 22835 24.0497

0001 51-56-4  ETHYLEMEIMINE 43.07 19525 24 B1BE

0001 07-18-6  allYL-ALCOHOL 58.08 14415 24 BE13
0o0071-23-8 1 -PROPAMOL B0 147.05 24 4518
000067-63-0  (ISOPROPANOL 601 18365 23.4083
000073-52-3  iMTROMETHAME 51.04 244 53 2573954
0oo109-97-7  PYRROLE 57.09 249.75 24 539 o
000065-12-2 M N-DIMETHY'LF ORMAMIDE 73.09 21275 239353
000646-06-0 i1 3-Dioxalane 74.06 17815 232

0oo073-83-1 2-METHYL-1-PROPANOL 7412 16515 229094
0oo073-92-2  2-BUTANOL 7412 158.45 225414
000071-36-3 1 -BUTANOL 7412 183.35 23.3536
000079-24-3  MTROETHAMNE 7o.07 18369 22,9955

0001 09-66-4  {2-METHORYETHAMOL 751 186.05 23.2036

0001 07-20-0  (CHLOROACETALDEHYDE 5.9 11015 22 9669

0001 07-07-3 i 2-CHLOROETHAMOL 50,61 205 63 2553535
000096-48-0  gamma-BUTYROLACTCMNE 56.09 22985 25 6599 -

1 (frecord @ TR - o T |_I

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.
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General Problem Control Non termperature depd. props.

— Problem Title:

Title Isolvent zubstitution [zolvents for phenal] -SLE

— Generate:

[v Generate |somers

 Aromatic Compounds Autoslack in initial generation:

— |— + 10%
 Cpelic Compounds

— Preselection
¥ Generate Alcohols [ Generate Esters
v Generate Ketones ¥ Generate Ethers
V¥ Generate dldehydes [~ Generate &mines
[ Gererate Acids [~ Generate Amides

[~ Generate Phenals

[ Generate Compounds contaiting siicon

[” Generate Compounds containing double bonds
[ Generate Compounds contairing triple bonds
[~ Generate Compounds containing flouring

[ Generate Compounds containing chlorine

™ Generate Compounds containing broming

[” Generate Compounds containing iodine

[” Generate Compounds containing sulphur
Selected Groups:

CH3CH2 CH COH CH3CO ;I
CH2CO CHO CH30 CH20 CH-0

_I Edit Groups |

— User specified compounds:

CHZ1CHZ30H 1 = Delete |
CH3Z2CHZ1CHTOH

CHIZCH10OH 1 Bz |
pyiowiet

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

General Problem Control Mon temperature depd. props.

Iir: [GES Goal:
Mormal Bailing Point (K): | 323 353,

Marmal Melting Paint [K): I 0

1048
17

Total Solubility. Param. [FMPa™]: I 22 246
LogP [Octanol A ater): I 15 213
Temperature depd. props. Misture Properties

~ General:
¥ Perform Mixture Calculations

—Maodel:

" UNIFAR - Original INIFAC [VLE)

" UNIPARL - Driginal UNIFAL [LLE)

" UNILIM - Original LINIFAC (2 parameter, linear, YLE]

{5 UNIMOD - Modified UNIFAL (3 parameter, MHY2, VLE]

— Calculation Type: ———— — Conditions:

% LLE - Calculations Pressure [bar): |1

£ WLE - Calculations Temperature [K]: |298

— Selected Key Components:
Phernal

Edit... |

— Maolefractions of Key Components:
Phenal 1.0000

|1
— Select Solute:

I Pheral ﬂ

r— Constraints:
Mir: [LERS Goal:

Salvent Power: I 01 I 0 I ]

Problem specification pages from ProCamd for the solvent substitution exercise
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i Azeotrope/Miscibility Caloulations | Bindegradation Calculations Compound 1 :
—General:
¥ Perform Azsotiope calculations
I~ Perform Miscibility calculations /\
OH
V' Perform SLE calculations
—&zeotrope Specifications: Description :
" Don't calculate No |Groupname
£+ Mo azeotiope : E:g
" Form azectiope 1 [OH
Properties :
Property Value |2. Value |Unit
OctanolfWater partition coef. 0.156 |0.156
Solubility par at 298 K 2b.01 |25.01 MPa"*
Normal Melting point 164.57 [164.57 |K
Normal Boiling point 330.01 [330.01 K
Solvent power 0.151 (0151
NO AZEOTROP w. keycomp. no 1
Solid phase of keycomp. 1 at X1 | - 0.736
SLE Specification:
Temperature I 298 K
% Solid Phase must exist
" Solid Phase must not exist
€<|<<|>> | >€| Sart I Infa I FroPred | D atabank |

Problem specification
ProCamd.

page

from

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”.

X

Mumber of compounds designed ; 3071
Murmber of compounds selected : 20
Murnber of izomer: designed : 37
Mumber of izomer selected : 7

Total time uzed to design: 1.70 &

"‘Screened Out' Statiztics for Pimany Calculations ;
Functional group screening : 2816 of 3071
Salubility parameter at 298 K 232 of 285

ki

Marmal Bolling point : 1 of 23
Azeotrop Calculation : 2 of 22

2

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.

50



N

CAPEC
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 (I 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.

#= SLE Organic x|

Compaunds | Melting curve
Define | 1

0.8
0.8

— Syztem

Hame Tm
1 ETHAMNCL 15005 0.7
7] Fhenol 34 08 0

0.5
KT o
0.3
0.2
0.1

o o1 0.3 0.4 a.7 0s 1
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Diagram calculation procedure Give the increment, dels For = [ie.
for each new value s=sold+dels. T

will be calculated until x=xmax. |
ﬂl Mate: far t<tm(1], there can be hwo Cancel

zolid phazes

Sinale point in the T-» diagram 0m

Give molefraction far compound 2 Give the maolefraction for compound 0K
L 2 at which the phaze diagram wil

fram which the phaze diagram will

start [xmin] [bebween 0 and 1] Cancel | terminate [between 0 and 1) Cancel |
0.01 |1

C d

Melting curve

x| 303378 v

P
283.379 ra

Calculation complete B /f/
Eemee] | 243.379 /(

223379 L
203378 //

FRepeat for another condition 183.379 /
163.379 //
143.379 \

123.378 \/

o 01 03 0.5 07 09 1

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 dependent properties” 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.

3.4 Design of Backbones and Termination of Backbones

3.4.1 Generate backbone in ProPred, terminate in ProCamd & verify in ProPred

In this problem, we will start with ProPred, take a known molecule (for example,
Corticosterone), use the new features in ProPred to create free attachments in the
molecule (that is, create a backbone). The Backbone is then transferred to ProCamd,

where terminated structures are generated.

Step 1: Start ProPred from ICAS

Step 2: Click on H (database) , click on “Find CAS”, type the CAS Number for
Corticosterone (00005-22-6), select the compound by clicking on OK.
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Cas | MName | Smiles ;l
000003-72-3  Octachlorebarmane [Parlar 38) CICCNCTEIC2ECICNICNCT(CCCNCNCIC
000003-72-4  Octachlorebamane [Parlar 39) CICCCCNCZCICNEICHCT [CCNECNCC:
oo0003-72-5 Octachlorobornane [Parlar 42] CICCT [ClCNCNE2CCICNChET [CCNCICNC:
000003726 Octachlorobomane [Parlar 51) CICCT[CONC2CCCC)CT [CC2(CHCHCC]
000003-72-7  Monachlorobornane [Parlar 56) CICCTCCNCNC2CCCICC [SCCneEc
000003-72-3  Monachloroborane [Parlar 58) CICCCCNC2CCECHICIC [CC2(CnCnC
000003-72-3  Monachlorobornane [Parlar 53) CICCTCICNCNCZCCICICIC ST
000003-73-0 Manachlorabarnane [Parlar B3) CICCTCCNCNC2CICNECIC ST
000003-731 Decachloraba = e CNCZCCICCICCICNCEC
TSR I oA seloct Data [Find Text] ]

noo0s0-0z2-2 Dexamethazor  Enter Test to Search For: [0)C[CICC2C3CCC4=CO=00
000050-03-3  Hydiocortizone IDDDDSD-22-B [=0)C1[O)CCC2C3CCe4=C0
000050-04-4  Cortizone acet (=0)C1[0)CCC2C3CCC4=C0
oo0050-06-6 Phenobarbital JMC[=0NCT=0)c2conoc?
000050-07-7  Mitanyein C oK I Cancel I C3CM1C4=CIC=0]C[M)=CIC
000050-11-3  Metharbital [=0MC[=0JN[CIC1=0
000050-12-4  Mesantain CCETNC(=0]MICICT =0)c2cocec?
000050135 Meperidine COOC=0]C1 [CONCICC Je2ecoee?
0o0050-14-6 Yitamin D2 OCICCC[=C)C[=CC=C2CCCC3(C)C[CoC:
000050-18-0  Cyclophosphamide CICCH[CCCNPT(=0)MCECCO
ooo050-191 Hudrosyphenamate CCCONCOC=0M)c cocel
000050-21-5  Propanaic acid, 2-hydrasy- O=C[OjCcio)c

000050-22-6  Carticosterane OCC[=0)C1CCC2C3CCC4=C(=0)CCC4| -
1] 3|

| Sort by CAS Sort by Name Yiew Rec... Find CA5... ok | Cancel |

Step 3: ProPred draws the molecule and predicts the properties (as shown below)

0

Summary | Marrero and Gani | Constantinou and Gani | Joback and 4 | ’l //
4
roperty Valuss estimated by using methods -

included in ProFred

(Compound Hame : Corticosterone

Compound CAS : 0000s0-22-6

Compound Smiles @ QOCC({=0)C1CCC2C3CCC4=CC({=0)CCC4(C)CIC(0
(Compound Formuala @ C21H3004

Mw (g mol) © 346 .46

Be=t estinates are suggested for sach propertvy according HO
developers' criteria. See detailed estimates through each
in the corresponding pages

WARNIHNG:

Accuracy of some estinated properties {(e.g. Hansen parame
might be poor if the nelting point iz far above 298 K
Froperty Method Unit E=st Value Ezp. ¥V
Tm MG E 455 30 454 1
Th MG K 690,57 Hrd HO
= MG K 922 .59 Hrd |&
Pc MG bar 18.82 Hr 4
Ki= MG cm®/mal 1083.09 Hed
Zc MG 0.266 Hrd
GE[298K] MG kI mol —404 .20 Hed
HE[298K] MG kI mol —911 .83 Mok
omega ale} 1.324 Hed
Hw[298K] xxxxxx LI mol Hoh Hed
Hv[Thb] MG I mol 128 18 Hrd
Hfus= HG kI mol 4580 H-&
Sfus Jite] Joimol=K) 100,86 Hed
Wm[298K] xxxxE®  Cmomol Hoh Hed
Wm[Th] MG cm® /mal 431 .69 Mok
Sol. Par. [298K] MG HPak 25.62 Hrd
Refractive Index MG 1.89 Nk
Holar Refraction XX HHEHE Hob Mo
Surf Tens. [298K] *xxxxx  dynscm Hok H-&
G.T. Temnp. xxxxwx [ Hoh Hod
Log(Kow) MG 2.41 1.94
Logi(Ws=) MG Log(mg~L) 1.82 2.29
Closed Flash Temp. CG K 534 57 Hed
Open Flash Tenp. (e K Bl6 . 27 Hrd

Hansen Di=p. =ol 5 HFPak 16.49 Hod

-
«| | 3
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Step 4: Remove the OH group connection from the molecular structure at the two

locations (as shown below)

0

J

&kom Type P

HO

Backbone with one-free attachment

Backbone with two-free attachments.
Note that as ProCamd generates
molecular structures only with the
Constantinou & Gani groups, it must be
possible for the Constantinou & Gani
method to represent the backbone.
Otherwise, ProPred will not launch

ProCamd.

Step 5: Launch ProCamd from ProPred from the tools menu in ProPred.

Step 6: Fill-out the necessary problem definition pages in ProCamd (general problem

control, non-temperature dependent properties) as shown below.
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Azeotrope/Miscibility Caloulations I Biodegradation Calculations I
Temperature depd. props.
General Problem Control

ixture Properties
Mo temperature depd. props. I

— Problem Title:

[V Generate lsomers

Autazlack ininitial generation:

—J— + 0%

" Aromatic Compounds

¢ Cyclic Compounds

— Preselection
¥ Gererate Aloohaolz

¥ Generate Ketones
V¥ Generate Aldehydes
IV Gemerate Acids

" Generate Phenals
[~ Generate Compounds containing silicon

[ Gererate Compounds containing double bonds

[T Generate Esters
[ Generate Ethers
" Generate Amines
[ Generate Amides

[ Gererate Compounds containing biple bonds
™ Generate Compounds containing fuarine

[ Generate Compounds containing chlorine

[ Gererate Compounds containing bramine

[” Generate Compounds containing ioding

[ Generate Compounds: containing sulphun
Selected Groups:

CH2 CH2CH C OH CH3Co
CH2CO CHO COOH

BackBone
ﬂ " BackBore Generation

Min. Free: I 1}
tax. Free: I 1}

j Edit Groups |

Step 7: Terminate the backbone by clicking

“summary” is obtained.

SUNMiary :

Marmal Melting Paint [K]:

Azeatrope/Mizcibility Calculations I
Temperature depd. props.
Tite | General Prablem Contral

FroPred properties |

M olecular Weight [a/mol);

Mumibes of compounds designed : 177
Mumbes of compound: seleched : 12
Mumbes of isomers desgred ; 16
Murrbes of isomer seleclad © 10

Total fime uzad to desion: 004 5

Funclional group sereening : 162 of 177
S clubilly parameter st 238 K - 30l 15

Kl

‘Screemnad Dut' Statistics for Primag Caleulations ©

"Screenad Duw’ Statistics for Secandaiy Caleulalions ;

Biodegradation Calculations
| Mizture Froperties
Man temperature depd. props.

Min: GETS Goal:
[ 340 | o | @
[3s0 | o | ©o

Total Solubiity. Param. [MPa™=; | 22 | 2 | 0O

on “GO”. The following results

The generated (feasible) compound number 2 is Corticosterone.
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Compound 2 :

SN

Description :

Mo |Groupname

CH3
CH2
CH

C
CH=C
OH
CH2CO

2| | = | P3| 1| S P

Properties :
Property Value |2. Value |Unit

Solubility parameter at 296 K |23.71 |23.71 MPa'
Normal Melting point 355.21 [3656.21 |K
Molecular weight 346.45 (346.45 |g/mol

Step 8: Save the backbone-termination problem as “save ProPred backbone problem”
under the file menu. To use this file later, the saved backbone file must be loaded from

the file menu.

Note that for backbone termination step, the options for ProPred properties and database

search cannot be used.

3.4.2 Generate backbone in ProCamd and terminate (manually) in ProPred

In this problem, we will first generate a backbone with ProCamd using only the C & H
atoms and with 1 free-attachment in the backbone. We will then go to ProPred to draw
the molecular structure and work on the structure without terminating the structure. We
will then launch ProCamd from ProPred to find the final terminated structure through

ProCamd.

Step 1: Start ProCamd and specify the following backbone generation problem.
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Azeotrope/Mizcibility Calculations I Biodegradation Calzulations
Iisture Properties
Mon temperature depd. props.

Temperature depd. props.
General Problern Control I

r— Problem Title:
Tite |

— Generate:
 Acyclic Compounds ™ Generate |somers
Autoglack in initial generation:

—J— + 10%

% Aromatic Compounds

" Cyclic Compounds

 Preselection
I Generate Alcohols

[ Generate Ketanes
[ Generate Aldehydes
[ Generate Acids

[ Generate Phenols
[T Generate Compounds containing siican

[ Generate Compounds containing double bonds
[ Generate Compounds containing triple bonds
[ Generate Compounds containing Auoring

[ Generate Compounds containing chioine

[ Generate Compounds containing brorming

I Generate Compaunds containing iodine

I Generate Compounds containing sulphur

[” Gererate Esters
[” Generate Ethers
[ Generate Amites
[ Generate Amides

BackBone———
¥ BackBone Generation

Iin. Free: I 1
hax. Free: I 1

Selected Groups:

CH3 CH2 CH C ACH AC ACCH3 ;I
ACCH2 ACCH =

LI Edit Groups |

— Uzer gpecified compounds:

Delete
Define

Commam Soly.

r— Extended Problem Contral

inimum number of groups:

b axirum number of groups:

Minimum number of ''functional’ groups:

I aximum number of “functional” groups:
Iinimum number of zame "functional’ group:

4 axirurn number of zame "functional group:

[T Perfom D atabase search after generation

Jad0dd et

™| Calculate properties with PraPred engine, after iitial screeering
|

AzeatropesMiscibility Caloulations I

Biodegradation Calculations I

Temperature depd. props. | Misture Properties |
General Problem Contral Mon temperature depd. props. ;
ProPred propertie: | Mir: bz Goal:
Malecular *»eight [g/mal): I il I 0 I i

Note: at this stage specification of any other

property is not necessary

Step 2: Run ProCamd to generate the backbone alternatives. Note that for the backbone

generation, “isomer” generation is not allowed. For the problem formulated in step 1,

the following result is obtained.

Compound 221 :

Description :
Mo

Groupname

Musrber af compourds desigrned @ 2507
Murbear of compounds seleched : 268
Total b uzed bo design - 0.02 =

“Screcned Dut’ Shalistics for Fimay Calculations ;
Furictional group screening : 2835 of 2307

CH3
CH
ACH
ACCHZ
ACCH
X

3
1
4
1
1
1

Properties :

Property Value

Unit

Molecular weight |161.26

gfmol

X indicates a free attachment
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Step 3: Click on ProPred to transfer the backbone structure. Propred draws the structure

and calculates all properties, as shown below.

ICompound Hane
(Compound CAS
Compound Sniles
ICompound Formula
Mw (g-mol)

developers' criteria.
in the corresponding pages

unknown
unknown
CCic

C12H17
161.26

J1CclooooolCiC) [*]

Be=zt e=ztimates are suggested for esach property according
See detailed estimates through esach

<]

Step 4: Launch ProCamd from ProPred from the “tools” menu

Property Hethod TUnit E=t Values Exp.V_
T MG K 167 .89 Hod
Th MG H 473 .15 Hosd
T HE K 674,34 LN
P hites bar 24 .56 Hod
Vo HG cmé/mol B85 33 Hod
Zo HE 0.256 Hod
GE[298K] Jiley kI mol 152. 06 Nod
HE[298K] MG kI mol —53.68 Nk
onega ey 0.388 Hod
Hv[298K] MG kI mal 60.97 Ho&
Hv[Th] HE kI mol 42.82 LN
Hius HG kI mol g.94 Hod
Sfus MG Jo(mol=K) 53.23 Ho&
Vn[298K] HE cm®omol 184.18 LN
Vm[Th] hites cm®omal 226.51 Hod
Sol. Par. [298K] Jiles MPak 17.82 Hsd
Refractive Index HG 1.49 Hod
Molar Refraction HG 53.54 Hod
Surf Ten= [298K] MG dynscm 3084 Nod
G.T. Temp ores K 290.24 LN
LogiKow) MG 4.00 Nod
Logil=) MG Log(mg-L) 1.86 Nk
Closed Flash Tenp. CG K 333,31 Hod
Open Flash Temp. [oe} K 368 .44 N
Hanzen Disp. =ol G HPaX 16.88 Nod
Hansen Polar =sol CG HPak 0.&6 H-d
Hanszen Hydr. =ol [oe} HPa¥ 1.41 N
Dipolar noment ey debye 0.31 HNosd
Dielectric const CG 4.72 H-d
Henrvw[298K] e bar#*#m*-mol 0.041 Noa

il

A new ProCamd application is opened. ProPred sends back the same backbone

structure that ProCamd generated.

Step 5: Complete the backbone termination problem with ProCamd.
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Azeotrope/Mizcibility Caleulations I Biodegradation Calculations

Temperature depd. props. I ixture Properties
i e Pl el | Non temperature depd. props. — Estended Problem Cortral
— Problem Title: Minirum number of groups:
Tile b aimum number of groups:
— Generate: Minirmurm number of “functional* groups:
* Acyclic Compounds [V Generate lsomers

b airnurn number of “functional groups:

 fromatic Cormpounds Autoslack in initial generation:

— + 0% . " . m X
@ Eelle Eemmaes J— Minimum number of zame "functional group:

daldald

b amimum number of same "'functional’’ group:

— Preselection
¥ Generate Alcohols W Gererate Esters ™ Perfarm Database search after generation
¥ Generate Ketones V¥ Generate Ethers [ Caloulate properties with ProPred engine, after initial scressning
¥ Generate Aldehydes W Gererate Amines :
v Generate Acids v Generate Amides

[ Generate Phenols
[ Generate Compound: containing siicon
¥ Generate Compounds containing double bonds

¥ Generate Compound: containing triple bonds

[~ Generate Compounds containing fludrine

! ' Azeotrope/Mizcibility Calculations | Biodegradation Calculations |
I Generate Compounds Contafnfng Chlo'fne Temperature depd. props. | Misture Praperties |
[~ Generate Compounds containing bromine General Problem Cantral Non temperature depd. props.

[” Generate Compounds containing iodine

[T Generate Compounds containing sulphur PraPred properties | Fin: [ EY I

Selected Groups: BackBone———— Malecular Weight [g/meol): I E I 0

o
o
1]

1}
| H <1 | BackBone Generation - .
Eﬂg_%HéHC_HC%E:El %}_FEH%%_DCH Mormal Boiling Point [K]: I 450 I a I i]
EHo00 thO CHacos chacon || Min Fes | 0
] | Meling Paint (K | 250 | 1] | i
HCOO CHE0 CHZ0 CH-0 MaFree [ T orma
CH2MH2 CHMH2 CH3MH

CH2NH CHNH CH3M CH2W

COOHCHCCCDMP2C00 | it Groups |

ProCamd generates 74 terminated structures out of which compound 1 is Ibuprofen

Compound 1:

0

Summary : x|

Humber of compounds designed : 402 -

Mumber of compounds selected : 91

Mumber of izomers designed : 31 % tH
MHurmber of izomer selected : 74

Total time used bo design: 0.09 =

Description :
The group : DMF-2 wag not uzed for design No |G
becausze of mizsing data for 0 |sroupname
Marmal Melting paint 3 |CH3
The group : COMHCH3 was not used for design 1 |CH
becausze of mizsing data for 4 |ACH
MHarmal Bailing point = 1 [ACCH?
ll _,IJ 1 |ACCH
1 |COOH
Properties :
Property Value (2. Value [Unit

Normal Melting point [295.13 [295.13 [K
Normal Boiling point [573.09 [673.09 (K
Molecular weight 206.27 |206.27 |gimol
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3.5 Design of Large Molecules

Design a large molecule having the following properties,

M,, > 300
Ty, > 400 K
Tm>300K

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.
Only the “general problem control” and the “non-temperature depd props” need to be

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

~ Generate: — Extendad Prablem Caontral
= Aoyelic Compounds I™ Generate |somers Minimurm number of groups: I 23:
D foaisie Cammaumds Autozlack in initial generation:
 Coslie G 3 p— J— + 10% b arimurm number of groups: I 303:
welic Compounds o E
Mirirmum nurmber of “functional' groups: I I:IE:
— Prezelection
[~ Generate Slzohols [~ Generate Esters Masimum number of “functional” groups: I 23:
™ Generate Ketones [ Generate Ethers o _ -
I Generate Aldehydes B Gormite s inimum number of zame "'functional’ group: I DE—
F Eenera:e ';;'ds | I Generate Amides I axirnurm number of zame "functional” group: I 23:
enerate Phenols
" Generate Compounds containing siicon v Perform Database search after generation
¥ Generate Compounds containing double bonds

Repeat the problem for acyclic compounds and cyclic compounds

3.6 Refrigerant Design

A refrigerant needs to have the following properties: Vapor pressure as a function of
temperature (> 0.15 atm at 272 K & < 15 atm 315 K), Heat of vaporization (< 24
kJ/mole) at 298 K, Heat capacity (< 134 kJ/mole K).
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CAPEC
In addition, 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 |ﬂ| in the task bar of ICAS main window.

Al. 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”.

[ T e D8 Manager - [CAPECDE MANAGER:7] =101 x|
ST |
-1 [ Seach Sourch by: 1
[ PosicSeach : Name [Ferasne SewchCapechd |
] Abvorend Semch 3 'c“"m“"
H Sohibiy Seach —I\"'“":“"“"""‘1
=[] Addk Change Data Funrad Comprurdds
W) #oaNew Compenrd Cawno | Chenmme I Sl [ Formmita | -
] Change Compund Dt 00000051 p-AMNDAICCENTENE M{=hcicoect et eicect T NG
[ AddSchbity Dats [P joooraa2 [ermere — Jeiecesiyt G
3] [ Mosue Daia | Joo0usT 661 1,23 BENIENETRICL CHEOIEETEI0  CBMOY
000088733 o.CHL ¥l CRHACNGT
0000501 Bz | Dckchiimi clefeeol ) CRHACE
000095-635 12,4 TRMETHYLEENIENE clecoEICNEI T2
O000F-63-2  1.2.4.5-TETRAMETHYLOENIENE SelEEEICEINE N G104
[ Jom0sr007  1-CHLORO.2 A.DRMTROCENTINE O sCileCCl 1M =0 CRHICTI0A
[T 0050066 seet LT VLOUHIENE lecet N KIEHER  C104
000096113 BEMIFMESLLFONIC.ACD CmS{aCOelereet 1 CRHBOTE
000098407 FENTENE 1ICK) €1 #1802
000058553 NTROEEMIENE Oetslgieeeellel  CEHSNOR
00003354 1 A5 TANTROBENIENE o M=) COHINNA
[ Jomomsses 1 2OMHLOROANTROMENTING OO leCElE1CIT) CRICENOZ
| Jooouss627  mDRSOPROPVLIENIIND Elecee CIERNE KAL) C1 e
oo as0 m CRRG04
000100005 p-CHL ¥l CRHACNGE
0000185 p-DESOPROPYLEENTENE clecoiet CICENR I €118
D-OMTROBENIENE Ot aiccoi = COHANEM =
o TR H Ibf_l

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)

_!- CapecDB Manager - [CAPECDB MANAGER] 0] x|
Tl Ele Edit Visw |Database Hel == x]
L

Create New Database I
[z [ Search

Basic Search
Advanced Search
Salubility Search
£} [ Add Change Data
: E AddNew Compound - - -
Change Compound D ata Q/LAPECr]:)B BLANAA(_TER
Audd Solubility Data
[ Misture Data

Select database x|

Buwailable bases: I CACAPECUCASE databank \WocessDBACAPEC.mdb

E dippr.
| C:ANCAPE tab \EngineDE.mdb
CACAPECMCASE databank \bccessDB \kunifac. mdb
CHCAPECHMCASEN databank \AccessDB \salts. mdb
CHCAPECMCASE databark \vAccessDB user mdb
CACAPE CHCASE databank \AcoessDE warD atabase. mdb

|cap UM [scRL 4

2. Change of Data:
v Go to “Change compound data” on the left panel.

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

v" Click on the “Change Data” button

CapecDB Manages - [APECDB MANAGER:2]

=0l

TlFle Edit Yew Database Help =18:
FBERE
——————————— i —
[} [ Search [ Search by Type the Searchrstin

Basic Search ; Mame Benzene Search CapecDB

Fomula
Advanced Seaich

€ Casnumber

Sclubilty Search
E1- [ Addé Changs Dala

Clone Compound | Delete Compound
~Faund Compounds:

Add New Compound Casno Chemname: Smiles Formula 2
Change Compound Data ) |000071-43-2  [Benzene c(ceeet)el CBHE

(1
Add Solubliy Data 000100-41-4 ETHYLBENZENE o{oooet HE1)CC CoHIo
[F}-[] Mistue Data 000106-46-7  Benzene 1 4-dichloro- clcee(eICetICl CBH4C2
Find/view Data 000541731 Benzene 1 -dichioro- c(ceeciciiercl CeHaC
(1
(

000108-907  MONOCHLOROBENZENE c{coceten)al CaHSCl
000095-50-1 o-DICHLOROBEMZENE cleteced O )Cl CeH4CI2
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; R

v' Change the desired R —_—— o
: . . [fnea]

information in the f————or

A
il o A | |

1 { Advanced Semch Propertet Page 1 r e |
corresponding fields.  {f [8 e W po—
. . [ AddiCrangs Dt

Once you finished click /Eﬂ;i%' —

Smorgm 1. IR
I [T —

[ = EJMI'JED’Q
on “Add/Update Data” B Fosventan o

! S B mmwmn|
button. An  updating e j_lI'—t

! Mahmory [

message will appear.

3. Clone of a Compound
v Go to “Change compound data” on the left panel.
v Type your component in the box — click on “Search CapecDB” — Select it.

v" Click on “Clone Compound”.

il CapecDB Manager - [CAPECDB MANAGER:2] | L‘I
Tl Edk Yew Detabase Help 8 5||
LGN =

Zlx

5[ Seach  Seatch by T s S
; Basic Seach ﬁName Benzene Search CapecDB
[ Advaneed Search Formula
: 7 Casnumber Clone Bompound | Defete Compound

= Solubility Search
[z [ Add & Changs Data

~Faund Compaunds:

Add Hew Lompound Casno Chemname Smiles Formula -
i [E] Change Compound Dats b |000071-43-2  [Benzene c{oeoet)ol CoHE
Add Solubility Data 000100-41-4  ETHYLBENZEME o{ceoet)(c1)CC CBHI0
(5[ MitueData 000106467 Benzzne 1 d-tichioro- cloeelel)CENE] CBHACI2
H Fnd/iew Data 000541.731 " Benzene 1 3-dichiaro. cfeecet Cet )T CRHACED
000108-80-7  MOMOCHLOROBENZENE c{ceoet)(cT)C! CBHSCI
000095501 o-DICHLOROBENZENE clofeoen)CIENE] CBHACI2

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

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

Name” window — Click

[13 2"
on “Ok”,

Allocate the cloned

component in a database
the

(only to “user”

database™),

Tl Fle Edit Wew Database Help

il CapecDB Manager - [CAPECDB MANAGER:3]

L]

=l

=[] Seaich
Basic Search
- [ Advanced Search
Solubilly Search
51 [ Add & Change Data
Add New Compaund
~ [ Changs Compound Data
Add Solubilly Data
[1[] Misture Data
FindMiew Data

Add/pdate Data

Fropetties Page 1. | Properties Page 2. | Properties Page 3. | Salvent Properties Page. | Group Deseription. |

Synarpm 1 |ANILINE
synonym 2 ]
Synonym 3
Enter Name for elaned compound:
Mathias CC1 .
|Amhna
Mathias CCZ
Mathias CCE
Antoing A 746441

Tl Fle Edit Yiew Database Help

CapecDB Manager - [CAPECDB MANAGER:3]

iBeE|

E

=[] Search
Basic Seach
Advanced Seaich
- [g] Solubity Search
£ [ 4dd Change Data
|~ B AddNew Compound
Change Campound Data
. [B] AddSolubity Data
] [ Misture Data
- [g] Findiew Data

Add/Update Data

Propertties Page 1. | Properties Page 2. | Properties Page 3. | Solvent Properties Page. | Group Description.

Synonym 1 |ANIUNE

5] Select target database x|
§

Avalable bases: j
CACAPECNCASE\databank AcoessDBYCAPEC.mdb
CACAPECHCASB\databark WccessDB\dippr mdb

I CACAPECWCAS B\datsbank\AccessDEAE ngineD B mdb

CACAPECN CASE\databankMiceessDB\kuniac.mdb
Mathias CC3

CACAPE CHCAS B\databank\AccessDEAsalts. mdb
PE
Antgine A

W

idb

v" Now there is a new compound in the selected database!
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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

Y V VYV V

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 (Oclccc2CC3N(C)CCC45C3C=CC(0)C40clc25) 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” @l

button.

e LN S B = e 1 S uw”

D[] ]3] ] st - zl

ijicas1

i~ Search Criteria

Available Tabl

Search Sting: IDhenu\

| dippr.mdt =l

Flease select the database to get the

Cancel

Toinclude a compound in this
problem, select it in the avaliable
compound list [chick in the first

Toinspect the properties of a

compound of interest and click

To remove a compound fiom
this problem, select it in the
selected compound list (click in

' Name © Fomula " CasMo compounds from ™ Electrabste Gystern

r~&vailable Compound
Hame Formula | Cas.Ho | 4|

335 |p-tert-BUTYLPHENCL C10H14C  |D0D093-54-4 ol and chek heid

£33 |p-ETHYLPHENOL CaHI00 000123079

640 |p-CUMYLPHENOL C1SHIED  |000539-64-4 Add

679 |m-CHLOROPHENGL CEHSCIO  [DOD103-43-0

952 |p-te-OCTYLPHENOL C14HZ20 |D0D140-66-9

381 | NONYLPHENCL C15H2AC [025154-52-3 compound, select the

1186 | p-tsrt-AMWYLPHENGL C1HIBC  [D00080-46-6

1233 | o-CHLOROPHENGL CEHSCIO  |000095-57-8 Miew!

1332 |p-CHLOROPHENGL CEHSCIO  |000106-48-9 View

1433 | DINGNYLPHENOL C24H420 [D01323-65-5

1481 |Phenol CEHEO o001 05552 1=
~ Selected Compound

Hame Formula | Cas.Ho | Database
1 Benzene CEHE 000071-43-2 |CAPEC ths First s and click
2 Fhenol CEHEO 000108-95-2 |CAPEC Remave'
Remove

II. Double click on the stream to enter the “mixture specification” window
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File Edit Yiew Draw Format Def.Prob. Toolboxes Simulation window Help
e N TS | e = 5 e 2 Y el P sl R =1 £ I@IlclzmIWI\
P T e = i e el e e e e M A R L [ A A = T

Stream Mumber |1 T(:e ﬁ;:;fialue f“'egsﬁ\l‘l;fy\/a\ue E-HEE!;II;IS Select existing components -
s ~ ("(

From Ci i Bubble point Bubble paint Entiopy

fom Conneztion [Suroundings | (- F-5E be € Do gt e

Carcel
To Connection  [Suoundings [~ Use Boundaries | Divider Factors [~ Cuglct varizbles Defaut
I Optimization ™ Splitter Factors T~ Farameters

—_— - I ¥ Specifications
Value [Known | Int_ | Pt
Temperature (K] 00 X
Erthalpy Flow K] o
Pressure [atm] 1 X
Density (kenole/m™3) o X
Benzens (kmale/hr] 1 X
Phenal (kmole/hr] %
TOTAL FLOW (kmele/hi] o
If the total flaw is specified the other wil be normalized to malefractions. I~ Wiew Calculated Riesults

[Ready

4 | vl
iﬁstart”J @& 5 ® 7| Byties... | @peudor...| #und... | Byoam... | Bycter...| @oow.., | Bces... | BBlcas-10asi " [N SG D 2DE  1104am

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 &1 to go to the “property model” selection window.

Property - D:\CAPE 0 o ]

8|88 B

Select components to include in the calculations: — Properties to calculate
Streamn Murmber |-|

Benzene [~ PT-Flash
Phencl [~ PHFlash H= [0
[~ PS-Flash 5= |0

‘wfhat ta plat: Flat Type: ™ Bubble Paint Temperature
IND Flot j I j I~ Dew Paint Temperature
1-avis [~ Bubble Point Pressure
I : j [~ Diew Paint Pressure
[ Incorporate lemajning -avis [~ Fugacity
componen:s as fined | ﬂ [~ Activity Coefficient
eetipmicits Derls [ Fugacity Check
I~ | Show precipitation lines . .
I ﬂ [~ Intensive Properties
I~ | Known Pressure N
Multiple Curves I Solubility Products
IDnI_I,J One Curve ﬂ [~ Solubility indices
Multiple: misture points - independent companent ™ PH-values

IND Component

Le

[~ Reactive Bubble Paint Temp.

Multiple mixture points - dependent component [~ Reactive Dew Point Temp.

NoltE:lPerforbm the DI_DDBFT:P |N0 Compaonent '| [~ Separation efficiency curves
t ; " i
gz ?#eatnlnoor?baﬁ: PIES3ING AL First  Last  Step r Solubility Calzulation

Temperature (K] 300 |0 0

Qrganic SLE
1 a a 4|
Fesat Al | Reset Axiz | Pressure [atm) i T :
- Pure compound correlations
Cancel | Independant Comp. [kmols] o |10 [0

[Ready
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IV. Click on the “gamma-phi” option for this example

4. Selection of Thermodynamic Model - D:\CAPEC,ICAS  work\ICAS1.in 1'

REF | B | o2 | [

Default Ok
[ Use multi-phase flash (more than 2 phases) —l —l
Cancel |

— Phaze Equilibrium kModel

Gamma-Phi | Select the gamma-phi approach (Different thermodypnamic models for each phase]

Phi-Phi Select the phi-phi approach (S ame thermodpnaric model for all phages)

Selected GE -Model IN-:: Ge-model zelected

Selected EDS-Model  [SoaveRedichKwong

S aturated Y apor Pregsure Cormelation Heat of vwaporization model

Select | IDippl Comelation 101

DIPPR-106 carrelation [DIPPR-10E)

Enthalpy model Density ¥ olume model
DIPPR-107 1dGas corelation [Hig) ;l |dGas corelation + DIFPR-108 1dLig comelation |dGas+ dLig)
DIPPR-107 |dGas comrelation + Hr from EQS [Hig+Hr] Dengity from EOS for both wapour and liquid [EDS)
DIPPR-100/114 IdLig comelation [Hid) ;I

|Ready

V. Click on the “select liquid phase model”

Gamma-Phi Setup x|

Please go through the following 4 steps to setup your gamma-phi model

Select Liquid Phase Model -» | I |deal Solution |

Select Wapor Phase Model -» | I |deal Gas |

Select Sat. Wapar Pressure correlation -» | I Dippr Carrelation 101 |
Include Poyting Correction -» r

Cancel | ak |
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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

oemeny S
Ok

Select GE-model Org. UNIFACYLE 1par d Frelas DK
Ideal Solution , "
Margules e
Redlich-Kister Cancel _ i

Model Parameters | ScathardHamer
Van Laar
Akl |Dio Wison J
ETar .drogd.r‘\lgu!ﬁn Select GE-model 2 Relax OK
ENAEOT Mod. NRTL
Mod. NRTL2
Feqular Solution Cancel

firg. UNIGUAC
Mod DHIGLAL Model Parameters | Pure Properties Compound D escription
g, INIFAC LLE 1par
g, INIFACYLE Zoar
gudu\_yl\‘l;lgACE[Lyngh{ S?ar] Aij [K] 3."ACH 8. "ACOH"
a a3 solutiy] =
LINIFA 2 par v cpoup table] 3."ACH 0 1329
User UINIFAT model 3. ACON S5 G

Wiew UNIFAC parameter table

The selected database is : |C:ACAPECACAS \databank\AccessDEY Save Parameters to Databass

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.

4 Selection of Thermodynamic Model x|

REF| e ngnllzl

Default -
I~ Use multi-phase flash [more than 2 phases) —I
Cancel

r— Phaze E quilibrium Model

Gamma-Phi | Select the gamma-phi appraach [Different thermodynamic models for each phase)
Phi-Phi | Select the phi-phi appraach [Same thermadynamic madel for all phaszes)

Selected GE-Madel |12 UNIFACVLE Tpar

Selected EOSModel  [|deal Gas

Saturated Wapor Prezsure Correlation Heat of wapaorization model
Celect IDiDDf Comeltion 01 IPPH—1 0B carrelation [DIPFR-108)

Enthalpy madel Denzityolume madel
|IdGas corelation + DIPPR-105 |dLig comelation (1dG as+dLig)
i i [Il iq]
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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.

[ Property - CACAPECUICAS work  ICAS Lin. =10l x
x|
Shnam b C—I oroounds Melting curve
Delre I :
s
Syt og
Hame Tin a7
1 Berzene me6s
2 prenol nam 06
I inc 05
el KT IS |
- B 2 o4
[k}
I
02
[}
0
o o 03 0s o7 09 e
Ilt‘lﬁn‘ﬂ res
o the ook - ‘;llll Last I ity Cloul phion
. — Degaric SLE
HWMIRWMG Preszue [am] ‘. —r —I
Bock | Carcel | Conp. ok} 2 N
spechication

SLE-a

| I I I A E—
beog piog

Diagram calculation procedure aK L Give the increment, delx for = [ie.

[ o | oK
po— for each news value x=xold+dels. T _ =
aNCel B il 1| w=
| will bg calculated urtil x=xmax. Cancel |
L Mate; for t<tm[1]. there can be two -
zolid phaszes

Single paint in the T-x diagram

i 005 -

SLE-b SLE-c
Give molefraction for compound 2 5';’?»521 Ln?rl]zfrpaﬁggg L?; gclgrrzpmnd

from which the phase diagram will o

start [xmin] [between 0 and 1] Carusel | terminate [between 0 and 1) Eamee] |
I : n

SLE-d SLE-e
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5
_ Cempounds | Melting curve
Define |
x| 55w 7
Calculation complete 300538
Cancel 295,635
290535
285.538
Repeat for another condition
280.638
275538 \ /
270,538
265538 Vi

Close 0 01 03 05 07 0s
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.

B rroperty - C\CAPEC,ICAS work  ICASL.in o]
&6 el
Stream Murher |17 Select components ta include in the calculations: — Properties ta calculate
I PT-Flash
[~ PHFlash  H= [0
[~ PS-Flash 5= |0
*hat to plat: Plat Type: [~ Bubble Foint Temperature
IND Flot j I j I Dew Point Temperaturs
1-aris ™ Bubble Point Pressure
I : j " Dew Point Pressure
I Incorparake remaining Z-anis I Fugacity
components &3 fised j I Activity Coefficient
component.sl o 3-axiz I Fugacity Check
™| Show precipitation ines . .
I j [ Intensive Propertiss
I~ | Koy Fressure .
Multiple Curves I Solubility Products
IDnIy One Curve j I Solubility indices
Multiple mizture points - independent component I~ PH-values
INU Companent | | I Reactive Bubble Faint Temp.
Multiple misture points - dependent component [ Reactive Dew Paint Temp.
N0|l81|F"_3ff0Lm the D[UDBE‘U' IND Companiznt j I Separation efficiency curves
Eﬁ ?ﬁeathoocl;;haj: pressingnun First  Last Step ™ Salubility Calzulation
Temperature (K] 300 |0 0 |
Organic SLE Organic LLE
1 0 a
Rezet Al | Reset Axis | iz (tin)
- 0 10 1 Pure compound correlations |
Cancel | Independent Comp. (kmole)] i o0 [0
[Ready
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x|

M ICAS 6.0 - ICASL
Fle Edt View Draw Format Def.Prob.

e s =1 ] e Y = )l -
= R e e e R e e e e e T e e e R

Tooboxes  Simulation  Window  Help

&| G| &=
StsamHumber [T

- Propetties to caleulate
I~ PT-Flash

I~ PHFlash H=[0

[~ PSFlash 5= |0
Bubble Paint Temperature
Diew Point Temperalue

what o plot Pl Type
Mo Plat =] |

T-avis

Bubble Point Pressure
vt Point Pressure

System
compil. ETHANDL
B2 WATER

Add to System Remove fiom System | Up | Dawn

Fote T temary. compT and compi3 mst be a pariall miscible pai

™| Solufsiity Caleulation

[l sl vaes for concentations [moie percant). May be zern escept for highly unsymmetic systems
Drganic SLE | Oraric LLE
Concentration of comp3 in phass 1 |0 Concentration of compl in phase 2 [0
Pure compound corrslations

CaleulaletPlot | Close: |

|Steady State Linit, In Dynsim, this is considered a line mixer AP UM [SCRL

For Help, press F1

Plok Ternary LLE Curves x|

Temary diagram can include up to six different LLE curves, each at a different
temperature. Enter below the temperature values [in Kelvin] for each isotherm temary
LLE curve. Yalues must be within a range in which all components can exist as liquids.

lsatherm # 1: |2?3_53 lsatherm # 2: |302_2g4 Izotherm # 3: |325_?23
Isotherm # 4: |349_252 Isotherm # 5: |3?2_??5 |zothermn # EB: |51 397

Step length in the binodal [temnary] curve construction, in mole percent [1<STEP<E]

—

Cancel |

Click in OK in order to calculate a ternary LLE phase diagram:

From the “LLE organic” window, click on “Calculate & Plot” to enter the “Plot Ternary
LLE Curves”
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Compounds Systemn
Tm (K)| Th (K} | Te (K}

co . Benzene
compif2, ETHAMOL
compi3. WATER

Benzene

Add to System Femaove from System | Up | Downl

INote: If ternary, comp#] and compt3 must be a partially miscible pair

Initial values for concentrations (male percent). May be zero except far highly unsymmetric spstems

Concentration of compi3 in phaze 1 ID Concentration of compfl in phase 2 ID

CalculatedPlat | Close |

e The calculated LLE phase diagram is shown:

isualise It - [LLE-Phase Diagram: Benzene(1)/ETHANOL{2)/WATER(3)] o | m] 5[
B File  Edit Wiew Grid Zoom Window Help 18] |

D] szl @2 @wle]|

ETHANOL (mole %)
100 o0

278.7 K phase 1 _
278.7 K phasze 2 _
50 o M22Kphasel ——
302.2 K phase 2 e

B0 20 325.7 K phase 1 e

\ 3357 Kphase? ——
30 403K phasel  ——

70
/ \ 3493 K phase 2 _
&0 40 3728 K phase 1 _

3728 K phase 2

E=lrininininielzlzlzlzlzlz 12zl = 12Tl T~ al s Tw]r]=]

0 f T \ 1 T T T T T 1 5 100
100 a0 a0 70 B0 50 40 30 20 10 ]
Benzene (male %) WATER (mole %)
Ready [ [um v

76



o~
7, .

CAPEC
Appendix C: Additional exercises

Conceptual problem (for solving without any software)

For the groups listed in the table below and using the corresponding rules for joining them,
determine,

v" How many 4 group structures are there if no other rules are considered? That is, find in
how many ways, the 7 groups in the Table can be joined in structures containing only 4
groups?

v" How many structures can you generate when in addition to having 4 groups, the
following rule is also satisfied —

The number of free attachments is zero

v How many structures can you find when groups of category 2-5 can appear only once?
How many of these structures are chemically feasible or can be found in the database?

v How many of the structures satisfy the criteria of 345 K < T, <355 K

Groups Table

Class Category
1 2 3 4 5
1 CIH3 | CII2ZNO2 | CH3CO | Ol | CH2=CI1
2 CH2
3 CH

Class Number: Defines the number of free attachments
-CH3; -CH2-; -CH-; -C-

Category Number: Defines degree of restriction to joining
with other groups. Examples -

1: no restrictions; 2-4: cannot join with each other; 5: only one per
molecule of specified size

Group Contributions for normal boiling point (T})

CH3 0.8894
CH2 0.9225
CH 0.6033

CH2NO2 5.7619
CH3CO 3.5668
OH 3.2152
CH2=CH 1.7827

EXp (Tb/ TbO) = Zi NiCi

Where Ty = 204.359 K, N; is the number of times group i is present in the molecule, C; is
the contribution of the group property.
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Compound substitution problem

Find all cyclic organic molecules with C, H & O atoms that have the same Ty,

Hildebrand Solubility parameter, Ty, as that of benzene but not the EH&S properties of

benzene (Achenie et al. 2003, page 161)

Screen shots from ProCamd

Temperature depd. props. I isture Froperties |
Azeotrope/Miscibility Calculations | Biodeagradation Calculations |
General Prablem Cantrol Mon temperature depd. props.
Iir: LELS Goal:
Mormal B oiling Point [K): I [323] 73 I 3732
Mormal Melting Paint [K]: [ o |34 | 0
Total Solbiliy, Param, MPa'sy | 22 | 26 | 246
LogP [Dctanal A ater): I 1.5 I 25 I 213
_a_
benzenereplacement_mizx.cam - I =1=1%
Fie Edt Wew Options Help
ST
General Problem Contol | Non temperature depd. props. | =1 | Compound 1 =
Azeoliope/Miscibilly Caleulations | Biodegradation Caloulsfions |
ot sas Mistas Properties |
umber of compounds designed : 3065 <

Number of compounds sefected - 3
Number of isomers designed ; 14
Number of isomer selected ; 3
Tatal time ured to design : 011 ¢

BGeneral
|V|7 Perform Misture Caloulations:

~Modst
" UNIPAR - Original LNIFAC [VLE)

" UNIPARL - Origingl UMIFAC (LLE)

£ UNILIN - Original UNIFAC 2 parameter, finear, YLE]
£ UNIMOD - Modfied UNIFAC (3 parameter. MHV2. VLE)

'S creened Out' Stalistics for Piimary Caloulations
Functional group scieening : 2816 of 3065
Dctanol Ax/ater partition cosf. : 150 of 249
Solubilty parameter ot 238 K : 82 of 33

horml Boiing point : 8 of 17 =
‘ ;l_l

[Use Toakbar to Mavigate thraugh the List of Candidate Malecular Structures

" WLE - Caleulations Temperature [K): 238
% LLE - Caleulations Pressure [bark 1

~ Calculation Type ( Condiions:

[ic: First Stiucture <<: Previaus »3: Neat >lLast Shucture

~ Selected Key Components
Phencl

[Sort: So List of Candidate Structures Info: Show this dizloa box

DataBank: Press it to visualize database records of compounds
matching the current candidate structre

&I [Short: Create text file with candidate structures

 Molefractions of Key Components ——————————— ’Nms: "DialaBiank” button appears ONLY i the option "Perfom Database
S

earch..." is checked
Phencl 1.0000 IF no compound in the database matchs the cunent candidate, the button is
disabled [dimmed].

0 NOTE: User compounds (i spesilied) matching the desion requirsments aie _
lgenerated a5 cancidats stuctures and placed at the snd of the it
Select Solute
Close |
[Phenal =]
[ Constraint.
orstans Min Max Goal

Solvent Pawer. o1 [i} a

K[« [#] Sat | i [ PraPied [ Databank [ Shon_|

b-

L
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benzenereplacement_mix.cam - ICAS-ProCAMD:
File Edt Yiew Options Help

m== Jéllly_;gljl

Azeotrop Caloulations | | Calculations

~ General
¥ Paifoim Azeatrope calculations
I~ Pertom Miscibilty calculations
[V Pertom SLE calculations

rop W

" Dor't caloulate
¥ Nao azeotiope

' Form szeatiope

SLE

Temperature 258 K

% Solid Phase must sxist

" Solid Phase must not exist

Find all compounds that match the following property constraints

—la] x|
e Compound 1: =
oH/\
D H
No |Groupname
1 |CH3
1 |[CHZ
1 |OH
Properties ©
Property Value [2. Value [Unit
OctanolfWater partition coef. .15 56|
Solubility parameter at 298 K 5.0 5.0 MPa'"
64.57 [164.67 |K
30.01 {330.01 |K
Solvent power 76 .76
NO AZEOTROP w. keycomp. no 1
‘Solid phase of keycomp. 1 atX1 | - 0.853
I
=TT st | o T ProPred [Databark [ Shat |
_C_

475 K < normal boiling point < 525 K; 325 K < normal melting point < 375 K
-250 kJ/mol < heat of formation at 298 K < - 220 kJ/mol

-0.75 < Log P <-0.50 ; 4.0 < log water solubility (log mg/L) < 5.5

File Edit Wiew Options Help

Z18]%]

D[(@| &%|@ (2] =]

AzeotiopedMizcibility Caleulations | Biodegradation Calculstions I =i
Temperature depd. props. | Mixture Properties I

General Problem Contral Mo temperature depd. props.

Mt Max:
Marmal Bailing Paint [K]: 475 525
Mormal Melting Paint (K] 325 375

[om0
Loglw ater Solubility] (laglmg1)): l—ﬂ
LagP (Dctanolwater} [=

[ summary: =

Mumber of compounds designed : 4497 -
Mumber of compounds selected : 15

Mumber of isomers designed : 170

Number of isomer selected : 7

Tatal time used to design : 0.26 s

Enthalpy of Farm. [k /mal]:

AR

The group - HCOO was not used for design
because of missing data for :
Solubility parameter at 298 K

'Screened Out' Statistics for Primary Calculstions :

LoglWater solubility) at 238 K : 4335 of 4437 £
Ll o

\U & Toaolbar to Mavigate through the List of Candidate Molecular Stuctures

[k<: First Shucture <<: Previous »»: Mest >ILast Structure

[Sort: Sort List of Candidate Stuctures — Info: Show this dialog box

DataBiank: Press it to visualize database records of compaunds
matching the current candidate structure.

[Shart: Create text file with candidate structures

MNOTE: "DataBank" button appears ONLY if the option ''Perfarm D atabase
Search..." is checked

If no compound in the database matchs the curent candidate, the button is
disabled [dimmed]

NOTE: User compounds [if specified] matching the design requirements are
b generated as candidate structures and placed at the end of the list.

oH /\/
@

Description :

Mo (Groupname
2 |CH3
1 |CH2
1 _|CH
1
1
1

CHO
CH-0
COOH

2. Order description :

No |Grnupname
1_|CHCHO or CCHO

Properties :

Property Value |2. Value |Unit

Octanolfater partition coef. 0,972 [0.972

[Log[Water solubility] at 298 K |-1.15  |-1.15 log[mgfl

Enthalpy of Formation -760.48 |-762.57 [kJ/mol

Normal Melting point 317.06 |326.17 |K

MNormal Boiling point 526.46 |524.79 |K

K |<<|>> | >|| Sort | Info ProPred | Dalabanlk ‘ Shaort ‘

| ]
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Case Study: Anthraquinone recovery - Solvent selection problem statement (Achenie
et al. 2003, page 236-242)

Based on the processing constraints, the following desired properties for the solvent are

needed.

1.

Anthracene has to be soluble in the solvent at 145°C. The solubility is approximately
0.27 by mass fraction in the existing solvent at the reaction temperature. So ideally
we prefer the new solvent to have solubility greater than that.

. Recovery of Anthraquinone, the product, from the solvent. Ideally prefer to achieve

greater recovery of the product than in the current solvent. Also need to ensure that
no eutetic is formed when the product is crystallised.

. Solubility of Nitric Acid in the solvent needs to be high in order for the instantaneous

reaction between the Nitric Acid and Anthracene to take place.

. Reactivity of the solvent with Nitric Acid, Anthracene and Anthraquinone will need

to be known. The solvent in this case is simply a reactant carrier and does not appear
in the reaction mechanism. Therefore the solvent should not participate in the
reaction.

. Solvent used needs to be immiscible with water. The process is designed to treat such

solvents. Therefore the solvent chosen should form an azeotrope with water, where
the liquid splits into two liquid phases with different compositions.

. The chosen solvent should have a minimum boiling point of 145°C because the

reaction temperature is 145°C. At this temperature the solvent should be a liquid for
liquid phase reaction.

. The chosen solvent should have a maximum melting point of 25°C because the

product is crystallised at 25°C. This will minimise the chance of solvent to be
crystallised out with the product.

. The solvent will be released to the environment via the effluent stream and via vents.

Therefore we want a solvent, which is environmentally friendly.

. The solvent used should also be economically favourable. This factor should not be

of a great concern as long as a majority of the solvent is being recovered. If the
solvent used requires addition of make-up of fresh solvent feed for each batch of
reaction, then the cost of the solvent would be a major criterion.
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nthrquinone-example-page-2: . -|51 ﬂ
File Edit View Options Help

M= = EERE

AzeotropesMiscibility Caloulations | Biodegradation Calculations | ;I Compound 3 : =
Temperature depd. props. I Misture Properties
General Problem Control Hon temperature depd. props
5 Description :
Min; Maw: Goal: No |G
Narmal Boiing Point (K] [#5 [ @ i 2" C:_'I’;P"a"‘e
Marmal Melting Point (K] I 1} I 298 0 2 [CH2
Open Cup Flash Paint (K): | ] | 350 0 1 _[CH
1 [CH3COO0
Total Salubility. Param. (MPa'): I 15 I 18 ]
LogP [OctanalA ater): I 1] I g 0
=
Mumber of compounds desighed : 18645 -
Mumber of compounds selected : 152 n .
Total ime wsed to design : 0.34 5 Properties :
Property Yalue Unit
The gioup : HCOO was not used for design ey
because of missing data for : Ot:lan!J!fWatBr partition coef. 2.29 TP
Enthalpy of Yaparization Solubility parameter at 298 K 17.81 MPa
The: group : CO0 was not used for design Flash Temperature [open cup] 314.81 K
Eeﬁfulse Uﬁ i dtala for: Normal Melting point 202.41 K
rnthalpy of ¥ aponzaton TH n
The group : CH2=C=CH was not used for design Normal Boiling point 421.43 K
because of missing data for : Solvent loss 1.000
_I_I AZEQOTROP w. keycomp. 1 at XgenfTaz: [0.19])362.24 K

Kl IS NOT miscible with feed.

|Use Toolbar to Navigate through the List of Candidate Molecular Stuctures |

JI<: First Structure << Previous >3 Mest »kLast Stucture

|Sort: Sort List of Candidate Stuctures — Infor Show this dialon box —

DataBarl: Press it to visualize database records of compounds
matching the current candidate struchure.

|Short: Create tert file with candidate stiuctures

MOTE: "DataBank" button appears ONLY if the option "'Perform Database
Search. " is checked

If ho compound in the database matchs the curent candidate, the button is
disabled [dimmed].

MOTE: User compounds (if specified] matching the design requirsments are H = I P I o3 | ol | B Info I ProPred I Databark | Short |
generated as candidate stuctures and placed at the end of the list ————|
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Appendix D: Decomposition Strategy for CAMD

Tifact Feey (TN 2 )
Coretmiits
I8 crad o sroints | m (T
ZEW(2-a)=2
EEU, 2H
=1, =1

VBT IERY
3 Adipure Fro S o s
B! 2P H)= P
. Froces s hdadel capshaigs -

Crerieral “ CARID " Problean (RMIMFLE)

2 P R Frio Perapy kogy v P Py

L) =0
" _,_:—'—‘_'_'_._'_._._ _\_‘_\_'_‘—\—\_,_‘_\_‘__
Miolenalar desizr Minhe desizn
Subymhlem 1 Stnachmal
c-:-re:l::l:irdx:g, L Subproblem 1* Stnacharal
EET,(2-u)=2 corstrards : j
Z=T, 5 . EEU, (2-w)=2
=1, =1 z=1, EZH ruea
=1, =1
¥ *
Sub-pooblem 2 Puare comporiant Subproblem 2% e componat
EIOpeThy coretrairts: & (11, ) vretraie - 7 (1, )
VE B TTERY VS B TRIERN
¥ i
Subpooblem 3* Wfdre propertyr
mmblmEMn}m:epmpm 2 e
: P! P (L. H)% P

I D, (15, F)f B

Subymblem 4
Mt Few, ET_T.,, oAy
b

G, (1,.5) =0

Solvent design problem formulation

L
Subpmblem 4™ Nechiir
Coretrait
¥
Subpmblem 54
Dz Feey (1. 20 )
St
&5 (1L,.5) =0
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100 x
Max PRY= o wlp_A
i I-x [ L]

FTu,-0,)=2
ST, = Ve
e, =1

1

175519 MPAM
5,28  MPAM
T, =363*F T NT, +0.409*T, +3843 2323 K

~Log(LCy) £33
T.=102425* T NT, +3 M T, S20K
! 1

T, =204359* T NT, +T M T, 2340 K
! 1

z=l op

]nxla‘ur_ ﬂ'l;:H[l— T?”]-I-]Il}ﬂhr =0

n+x =1

260 < T =320

Solvent-Antisolvent mixture design
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{12
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{14
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w0 (X (A,
M pvim 1 [1 x[“M,D

Subjectto
o id-u 1=

B, =N,
u =1
T (solveny =102425* T NI + VM T, 270 K
Tisolveny= 2043504 T NT, + T T, ¥ 340 K
T (solvend =363 %5 T, +0409* T +88437 323 K

174 Sfsolvenh 2 19D A"
T{anti-solveny = 2043504 AT 4 T AT, ¥ 340 K

T (sodvend = 1024254 TN, 4T M T S2T0E
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Appendix E: Target property selection for solvent-based separation

Trble £ List of umportant properties for some separabion techniglies

Properties Aolvent Design
L-L Extractive | Azeotropic | Heolid (ras
Extraction | Distillation | Distillation | Separation | Absorption
Pure E D E D E D E D E D
5 \f Y A \f \f \f \f
T A \f
M xf xf
T 7 7 7 7 7
T, A ! A A
P A
P’ v
H_ A !
Mixture |1 E| D E D E D E D E D
selectivity Y o y Y Y
SL J ) Y
SP l 0 ) ) )
DC l 0 )
Phasze-zplit A u| A A
Lreotrope A A
Py v
My V
H )

Mote: E is Essential; D is Desirakle; L-L iz liquid-liquid; the definitions of

property wariables in column 1 are given in Nomenclature.
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Table 8! List of properties for gddressing EHE L considerations

Properties Environmental Concern
Heaalth Dafety Environment
Implicit Toxmicity A +
Biclogical J
persistence
Chermical stability of af
Reactivity i
Exzplicit Biodegradabilits o Y
P, y Y g
H (in water) Y
LegP A +
Log W, A o
Flaszh point of
BOD +
p (yapor) ) y
Evaporation rate ] af )
LDS&0 0 y
oDP A
Ebaluation of Primary Solvent Properties for Liguid Extraction
Property Estimate
(mags basis)
- MW
Holvent Selectivity A= #
¥ oMW
Solvent Power p MW,
f Vi 5 MW,
es MW,
molute Distribution Coefficient = ;{f% 2
Fax MW
1 AW,
Solvent Lioss S=— -
Vs 5 AW,
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