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ProCamd Manual

1. Introduction

To design a molecule, for example, a solvent, provide appropriate information on the
following pages. In this problem, we are looking for a solvent that can replace benzene as

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

Azeatrope/Mizcibility Calculations I Bindegradation Calculations
Temperature depd. props. I Misture Properties
General Problem Control | MHaon temperature depd. props.

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

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

steps.
1.1.  Components Selection

Tenpase e s s s = In the “Mixture Properties” tab
rezr Selected
¥ Perform Misture Calculations .
[“ i— [ Hame [ | | | check the ‘“Perform Mixture
r~Mods!
% UNIPAR - Driginal UNIFAC [VLE) . 99 .
" UNIPARL - Original UNIFAC [LLE] Calculatlons bOX' Clle on
" UNILIN - Original UINIFAC 2 parameter, linsar, VLE) . .
£ UNIMOD - Modifed UNIFAC (3 parameter, MHVZ, VLE) “Edit...” in the “Selected Key
r Calculation Type: Conditions: 1 .
% YLE - Caleulations Temperature (K} [0 Components” Cage; m the
" LLE - Calculations Pressure [bar) 0 | h
User specified Select fiom database . . .
rSelected Key Componets & / dlsplayed Wlndow Cllck on
Remave Lser Spes | 0K I Cancel |
113 kD)
H/” Select from database”, the

“Component Selector” window
will  appear: select your

compounds. Click “Ok”.
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Enter the mole fractions. Click on the
component (in the “Molefractions” cage)
then type in the box the desired>walue and

press “Enter”.

1.2. General Problem Control

[\ ater/Phenol system - toluene replacement

i i i M e o B R i B BB




N~

CAPEC

1.3.  Non-Temperature Dependent Properties

General Problem Control

Normal Boiling Poir Min
Open Cup Flash P w Max
LogP [OctanolAx'e el

<

<

<

Mon temperature depd. props.

M a:

=

22

EEl
174
17

Molecular Weight

Critical Temperature
Critical Pressure

Critical ¥olume

Acentric Fackar;

Maormal Bailing Paint
Mormal Melking Point
Gibbs Energy of Formation
Enthalpy of Farmation
Enthalpy af Yaporisation
Liquid Molar Wol, (2958K)
Lig. Molar Yol, (Thail)
Closed Cup Flash Point
Open Cup Flash Point
Hansen P-solub. param.
Hansen D-solub. param.
Hansen H-salub. param.
Tatal Salubility Parameter
surface Tension
LogiWater Salubility)
Orckanol Salubility

LogP {OctanolfWater)
Refractive Indesx
Molecular Refractivity
Dipole 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.

1.4.  Temperature Dependent Properties

Azeotrope/Miscibility Calculations |
| Man temperature depd. props.

General Problem Control

Temperature depd. props. |

— Denzity [g/onr):

Biodeqgradation Calculations

Mixture Properties

Lower limit: I [l Caloulated at: |298 K 'I
Upper limit: I 0.9 Calculated at: |298 4 'I
Goal value: I [l Caloulated at

: I Lower lirmit Temp. ™ l

—apor Preszure [bar];

Lawer limit; I 0.003 - Caleulated at;
Upper limit: I [ Calculated at: |298 K 'I
Goal walue: I [ Calculated at

: IUser 'I I 360 K
; ILower limit Temp. 'l

v Liguid Denzity
Wigcozity

Diffusion Coefficient in ' ater

v Wapour Pressure
Themal Conductivity
Liguid 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.
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1.5.  Mixture Properties.

Temperalure dzpe. props. Hpture Freperts Right click on the left-hand side to obtain
General:
(" Ferlem Mitae Cdealons the list of constraints (solvent properties).
—Model
& UNIPAR - Original UINIFAC [WLE] Left click on “Constraints” to select it
" LNIPARL - Otiginal LINIFAC [LLE)
£ UNILIN - Original UNIFAC (2 parameter, linear, YLE) and then fill out the data.
€ UNIMOD - Madified INIFAC (3 parameter, MHV2, VLE)
i~ Calculation Type:————— (- Conditions:
€~ YLE - Calculations Temperature [K); 233

+ LLE - Calculations Pressure (bar]: |1

—Selected Kep Compaonents:

Phenal
WATER

Edit...

r— Malefractions of Key Components:

Phenol  0.0142
wWATER 0.9858

—Select Solute:
Phenal j

r~ Canstraints:

=
s

Salvent Loss:
Seperation Factor:

Salvent Capacity:

2 sl
NEREL

Feed Selectivity:

1.6.  Azeotrope/Miscibility Calculations.

General Problem Control I Mon temperature depd. props.
Temperature depd. props. | Mixture Properties
Azeotiope/Miscibiliby Calculations | Bindegradation Calculations

- General
¥ Perform Azectope calculations
¥ Perform Miscibility calculations

™ Perfom SLE calculations

 Azeotrope 5 pecifications:

Phenal
WATER " Dont caleulate

£~ No azeotrope

£~ Fomn azentrope

r— Miscibilty Specifications:
™ Pesfom calculations in an interval

i~ Final misture should be: Mixture specifications:
© Tataly Miscible Mags ratio of generated
1 Bt/ Tiatally disoitle compound should be [1.4
51 Bt bseible —

with rezpect to:

& Non Miscible lm
-

 Dges not matter Gl

 Interval specification:

Molefraction from [l to IU in 103: steps

Temperature (K] fom |0 to IU in 53: steps
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e C(lick on ‘ to start the calculations. On completion, the following screen

1s shown.

Desexiption o
No | Groupname
4 |CHI

1

e Click OK and then use the “>>" or “<<” buttons to move up or down to see the
various feasible candidate solvents. If a candidate is available in the database,

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

2.1.  Solvent Substitution

We have phenol deposits as a solid and we need to clean the equipment before our
product can be produced. We already know that we can use benzene or toluene to
dissolve the phenol. We would like to investigate if it is possible to use a more

environmentally friendly anti-solvent to extract the phenol.
Step 1: Problem Formulation

We need to establish the needed properties for the replacement solvent. We can use the
CAPEC database to search for the properties of phenol, benzene and toluene. In the

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

perform search in the CAPEC database M.

Froperties Page 1. | Properties Page 2. | Properties Page 3. | Solvent Properties Page. | Group Description. Other ]C)I‘ODCI"[leS .
Mame: IPthoI Tm = 3 1406 K
Synanym 1 IPHENDL Tb = 454.99 K
Synanym 2 I 2
Synonym 3 IF'henoI 85P = 2463 (MPa)
Casha: [ponios-35.2 MathizsCol  [0.9723 He. = 11510 kJ/kmole
fus =
Formula: ICBHBU Mathias CC2 I1 9836
s [Befeosetiet MatissCC3 33355 T.=694.25K
Classification 1: |3 Palar Azsociating Compaounds Antaine & IB.EBUS‘I
" - _ P.=60.498 atm
Classification 2: I1 Organic Antoine B: I1 38285
Clsssfication 3. [1 Alzohols Antaine C: [152.433 V.=0.229 m>/kmole
Date: [10-08-1593 Min Temp. (K} [314.08 3
Motes: | Mas Temp, K} [694.25 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
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plus phenol must form a liquid solution and the composition of the phenol must be

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

melting points below 250 K and having the Hildebrand solubility parameters 22 < dgp <
26 (MPa)"?. This problem can also solved through the CAPEC database (using the

“advanced search” option) or ProCamd.

Step 2: Generation of candidates through CAPEC database search

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

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

as shown below.

Solvent: Solvent Type:
I I‘I-F'ropanol j ml I j Search CapecDBl
Classification 1: Classification 2: Classification 3:
|1 Nomal Fluid | =l T 1 akanes v
Froperty Select 1: Froperty Yalue 1:
v [Tmix) =] |2ED ID
@ leszthan  © equals greatherthan € between
Property Select 2: Froperty Value 2:
¥ fsopa el a2 =] [22 %
 lessthan O equals  © greatherthan ¢ between

Now click on WI to start the search engine. The search result

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

1S

shown in the

Wie Eompoundl Flot Results |
— Found Compounds:
casno Chemname mw Tm SolPar ~

000050-00-0  FORMALDEHYDE 3003 161135 235245
0o00074-59-5  METHYLAMINE F1.06 179.75 231033
000075-05-5  ACETOMITRILE 41.05 22935 24.0497
000151-56-4  ETHYLEMEMIMNE 4307 19525 24 B166
ooo07-18-6 G ALLYL-ALCOHOL 508 144145 24 6613
Qooo7e-23-3 1 -PROPANOL B0 147.05 244318
O00067-63-0  (ISOPROPAMOL BO.1 18363 23.4083
000075-52-5  MITRCMETHANE 6104 244 65 25,7584
0oo0109-97-7  PYRROLE E7.09 24875 24859 e
000065-12-2 M MN-DIMETHYLFORMAMIDE 7309 21275 239553
000646-06-0 1 3-Dioxolane T4.06 176135 232

0o00075-535-1 2-WMETHYL-1-PROPANOL 7412 165135 22.9094
000075-92-2  2-BUTANOL 7412 15545 225414
0o00071-36-3 1 -BUTANOL 7412 183.35 23.3536
Qooo7e-24-3  MITROETHAMNE Ta0v 18365 229936
ooo0109-86-4  2-METHOXYETHAMCL TE1 18505 23.2036
000q07-20-0  CHLOROACETALDEHYDE 785 1015 22 9669
000q07-07-3  2-CHLOROETHARCL G061 20565 25.3835
000096-45-0  gamma-BUTYROLACTONE 4609 22885 25,6599 =

W]« Trecord 31 " "R 4] T et T [» |_I
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Using the results from above, the next step would be to perform a search through

ProCamd, which will generate new molecules as well as check known compounds.
Step 3: Generation of candidates through ProCamd
We start by entering ProCamd from ICAS and then we need to fill-out the pages

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

different pages of ProCamd are shown below.

General Prablem Cortrol | Non temperature depd. props.

— Prablern Title:

Title |Solvent substitution [solvents for phenal) -5LE

— Generate:

el

v Generate lsomers

® it Campaues Atoslack ininitial generation:

—_— |— + 10
™ Cyclic Compounds

- Preselection
¥ Generate Alzohals [~ Generate Esters
¥ Generate Ketones v Generate Ethers
[ Generate Aldehydes [~ Generate Amines
[ Generate Acids [ Generate Amides

I Generate Phencls

[ Generate Compounds containing silicon

[~ Generate Compounds containing double bonds
I Generate Compounds containing kiple bonds
I Generate Compounds containing flouring

[™ Generate Compounds containing chiorine

I Generate Compounds containing bromine

" Generate Compounds containing iodine

[ Generate Compounds containing sulphur
Selected Groups:

CH3 CHZ CH C OH CH3CO ;l
CHZ2CO CHO CH30 CH20 CH-0

_I Edit Groupz |

Uszer specified compounds:

CH3TCH230H 1 - Delete |
CH3Z2CH21CH10OH 1
CH3ZCH10H1 Define |

PR

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

Gereral Problem Control Hon temperatune depd. props.

tin: I aw: Goal:
Mormal Boiling Poirt [K): I 223 353,

Mormal kelting Point [k.): I a

Total Solubility. Param. [FMPa™®): I 22

PPk
377

LogP [Octanal M ater): I 15 213
Temperature depd, props. Misture Properties
— General:

¥ Perform Misture Calculations

— hodel:

" UNIPAR - Original UMIFAC [WLE)

" UNIPARL - Original UMIFAC [LLE)

£ WUNILIM - Qriginal UNIFAL [2 parameter. linear, YLE]

% UNIMOD - Modified UNIFAC [3 parameter, MHV2, WLE]

— Calculation Type: ——— [~ Conditions:
€ WLE - Calculations Temperature (K] 238

& LLE - Caloulations Pressure [bar): |1

r— Selected Key Components:

Phenal

Edi... |

Molefractions of K.ey Components:

Phenol 1.0000

 Select Solute:
IF'henoI j
r~ Constraints:
oretans it M Goal:
Salvent Power: I 01 I a I 0

Problem specification pages from ProCamd for the solvent substitution exercise
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i Azeotrope/Miscibility Calculations | Bindegradation Caloulations Compound 1 :
— General
V' Perform Azeotrope calculations
™ Perform Miscibilty calculations /\
oH
V¥ Perform SLE calculations
—Azeotrope Specifications: Description :
Dot caloulate :‘0 (é:l;.lpname
' No azeatrope 1 [CH?
" Form azeotiope 1 [OH
Properties :
Property Value |2. Value [Unit

Octanolf¥Water partition coef. 0.156 |0.156
Solubility par ter at 298 K 25.01 [25.01 MPa'?

Normal Melting point 164.57 |[164.57 |K
Normal Boiling point 330.01 |330.01 |K
Solvent power 0.151 |0.151
NO AZEOTROP w. keycomp. no 1
Solid phase of keycomp. 1 atX1 | - 0.736
5LE Specification:

Temperature I 298 K

& Solid Phase must evist

" Solid Phase must not exist

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

Problem specification page from Results section from ProCamd. Note that

ProCamd. “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”.

Summary : il

Mumber of compounds dezigned ; 3071 -
MHurnber of compoundz selected : 20
Humber of izomers designed : 37
Mumber of izomer selected : 7

Total time uzed to design: 1.70 5

"Screened Dut' Statiztics for Pimany Calculations ;
Functional group zcreening : 2816 of 3071
Solubility parameter at 298 k. 232 of 285

Mormal Boiling point : 1 of 23

Azeotrop Calculation : 2 of 22 =
K| _>I_I

10
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From the figures above, it can be noted that ethanol is also a feasible candidate as a

solvent. We will verify the feasibility of ethanol in the next step.
Step 4: Verification of solvent through a solid-liquid equilibrium phase diagram

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

appendix A3. The following steps are necessary:

1. Draw a stream in the ICAS-main window

2. Select @ the compounds phenol and ethanol

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

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

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

on &/ located on the top left hand corner.
5. Click on “Organic SLE” and then specify the data as shown below.

¢, SLE Drganic X
Compourids | Melting curve
Define | 1
— Systern 0.3
0.8
Hame Tm
1 ETHAROL 159.05 0.7
2 Phenol 31406 0B
0.5
KN g
_I 0.4
0.3
(W
01
0

a 01 0.3 0.5 07 s 1

11
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Diagram calculation procedure

Single point in the T-x diagram

Give molefraction for compound 2
from which the phaze diagram will
gkart [wmin] [bebween 0 and 1]

0m

Calculation complete

Repeat for another condition

Cancel |

Cancel |

Give the increment, dels for  [ie.
for gach new value x=xold+delx. T
will be calculated until #=xmax.
Mote: for ttem(1]. there can be two
zolid phazes

Cancel |

n.m

Give the molefraction for compound
2 at which the phaze diagram will
terminate [between 0 and 1)

Cancel |
I'l

d

Melting curve

303379
283.379 al
263.379 Vd
243379 ,/
223379 /
203379 /|
183.379 4
163.379 /
143.379 ™

123.379

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.

12
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Exercises related to solvent substitution

A. Solve the problem in step 2 with ProCamd (note that only the “general problem
control” and the “non-temperature depd. props” need to be specified.

B. Verify another solvent through step 4

C. If you change the solubility parameter bounds to less than 22 or more than 26,
will the solvents be valid for phenol? Find solute products that will be valid for
solvents with solubility parameter < 22 and > 26 (use both database search and
ProCamd).

D. Find solvents for Naphthalene.

2.2.  Mixture Design

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

compounds needs to satisfy. Consider the following problem —

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

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

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

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

sample of the data specified is shown below.

13
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General Problern Control Wan kemperature depd. props.

— Problem Title:

Title Ibinary azeatiope with ethanal (totally mizcible)

— Generate:

' Acpclic Compounds I Generate Isomers

Autoslack in initial generation:

" Aromatic Compounds
| + 10%

— Preselection
¥ Generate Aloohols

¥ Generate Ketones
v Gererate Aldehydes
v Gererate Acids

[ Generate Phenols

¥ Gemerate Esters
¥ Generate Ethers
[ Gererate Amines
[ Gemerate Amides

Temperature depd. props. I

Misture Properties

Azeotrope/Miscibility Calculations | Biodegradation Calculatio

General Problern Control

MHan temperature depd. props.

belir; v Goal

Harmal Bailing Paint [E); I 200 I a00 I 0

Temperature depd. props. Mixture Properties

— General:

— Model:
& UMIPAR - Original UIMIFAC [WLE)

£ UNIPARL - Original UNIFAC (LLE)
 UMILIM - Original UMIFAC (2 parameter, linear, WYLE)
 UNIMOD - Modified UNIFAC [3 parameter, MHY2, WLE)

Conditions:
Temperature (K |300

— Calculation Type:
& WLE - Calculations

 LLE - Caleulations Pressure [bar): |1
— Selected Key Components:
ETH&NOL
Edit... |
— Molefractions of Key Components:
ETHANOL 1.0000
ID
— Select Solute:
ETHAMNOL j

Azeotrope/Miscibility Caloulations Biodegradation Calculations

— General:

v Peiform Azeatrope calculations

V¥ Perform Mizcibility calculations
™ Perfarm SLE calculations

— Azeotrope Specifizations:

ETHANOL

© Don't calculate
" No azeohope

& Fomm azentiope

Mizcibilty 5 pecifications:

W Perform calculations in an interval

— Final mixture should be: Misture specifications:

€ Totally Mizcible
 Partly/T otally Miscible
& Partly Mizcible

" Mon Miscible

" Does not matter

Mass ratio of generated

compound should be |1 4

with respect to:

| H

 Interval specification

in] 1Dﬁ steps

Temperature (K] from |BDD to |4DU inl 5::’ zheps

Molefraction from ID ta |1

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.

14
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Compound 37 :
Properties :

— Property Value Unit
Description - Normal Boiling point 400.14 K
No |Groupname AZEOTROP w. keycomp. 1 at XgenfTaz: [0.60 § 341653 K
4 [CHZ
1 [CHZ2COO

Miscibility :

Tix |0.00)0.11|0.22|0.33|0.45)|0.56)|0.67 [0.76|0.69]1.00
300.00 | M M M M M M M M M
325.00 |M M M M M M M M M M
350.00 | M | M M M M M M M
375.00 | M M M M M M M M M
400.00 | M M M M M M M M M M

Exercises related to mixture design

A. Repeat the above problem to find acyclic compounds that form azeotropes with
ethanol
B. Repeat the above problem where the cyclic compounds do not form azeotrope

with ethanol

2.3. Design of Large Molecules

Design a large molecule having the following properties,
M,, > 300
T, > 400 K

Tm>300 K

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

properties of the large molecule, including further increase of the size of the molecule.

15
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Only the “general problem control” and the “non-temperature depd props” need to be

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

— Generate:
" Acyclic Compounds ™ Generate |somers

Autozlack in initial generation:

—J— + 10%

¥ Aromatic Compounds

" Cyclic Compounds

— Prezelaction
[~ Generate Alcohals

" Generate Ketones
[ Generate Aldehydes
[” Generate &cids

™ Generate Phenols
[ Generate Compounds containing silicon

[ Generate Esters
[ Generate Ethers
[ Generate &mines
[ Generate Amides

[v Generate Compounds containing double bonds

— Extendad Problem Contral
Finirmurm number of groups:

M asimurm number of groups:
Mirirnurm number of functional'’ groups:

M aximurm number of 'functional* groups:

Finirmurm number of zame “functional’ aroup:

aximum number of same "'functional group:

v Pertorm D atabaze search after generation

i

gl

Repeat the problem for acyclic compounds and cyclic compounds

2.4.  Solvent Design

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

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

A.

Define the problem with respect to pure component property targets and mixture
property targets. Solvent needs to dissolve chloroform and not acetone (solubility
parameter close to chloroform and not acetone. It must be liquid (boiling point higher
than mixture temperature). It must be environmentally friendly (avoid aromatic

compounds, chlorides, etc.)

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

of acetone and chloroform and then use the values of the boiling point, the melting
point and the Hildebrand solubility parameter for the advanced search)

Use ProCamd to generate the list of feasible solvents (see figures below for the
specifications)

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

that are totally miscible to the feed mixture are found, then the separation will be

16
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based on vapour-liquid systems. Tools for verification of VLE systems will be used

on day 2 of the workshop.

Biodegradation Calculations
Iisture Properties

Azeatrope/Mizcibility Calculations I
Temperature depd. props. I

General Problem Contral Mon temperature depd. props.

— Problem Title:

Title Iacetone-chlomform zeparation [zolvent for chloroform)

— Generate:
¥ Generate lsomers

Autoglack in initial generation:

—J— + 10%

" Aromatic Compounds

" Cyelic Compaunds

 Preselection
¥ Generate Alcohols

v Gererate Ketones
¥ Generate &ldehydes
¥ Generate Acids

V¥ Generate Esters
I¥ Generate Ethers
[ Generate Amines
[” Generate Amides

Conditions:
Temperature [K): 345

—

— Calculation Type:
& LE - Calculations

™ LLE - Calculations Pressure [bar]:

— Selected Key Components:

ACETOME
CHLOROFORM

Edit... |

Azeotrope/Mizcibility Caleulations | Biodegradation Calculations I

Temperature depd, props. | Mixture Properties |

General Problem Contral Han temperature depd. props.

b [GERS Goal:
M olecular Wweight [g/mol): I 70} I 120 I 0
Mormal Boiling Paint (K] [ 20 | 40 | 375

— General:
v Perform Azeotiope caloulations

¥ Perfarm Miscibility calculations
[~ Perform SLE calculations

— Molefractions of Key Components:

ACETONE 0.3440
CHLOROFORM  0.BSE0

ID. 344

— Select Solute;
CHLOROFORM |
— Congtraints: Min Har e
Selectivity: I 17 I i I i
Solvent Loss: I 1] I 023 I i]
Related problems:

—Azeotiope Specifications:

ACETOME
' Don't calculate

' Mo azeotope

" Foim azeotiope

— Migcibily S pecifications:
™ Pesform calculations in ar interal
Final mizture should be:

* Totally Miscible

€ Partly/Tiotally Miscible
) Partly Miscible

" Non Miscible

Misture specifications:

tdazz ratio of generated

compound should be |3

with regpect to;

CHLOROFORM |

 Does not matter

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

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

Find solvents for hexane-benzene separation (LLE separation)

17
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2.5.  Refrigerant Design

A refrigerant needs to have the following properties.
Use ProCamd to generate the candidates and then use ProPred to verify the selection.
Generate the P-H thermodynamic diagram through ProPred to validate the refrigeration

cycle.

Related problem: Design of heat pump fluid.

18
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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 Iﬂl in the task bar of ICAS main window.

Al

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

Basic Search

“View Compound”.

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

properties, property temperature dependent correlations, solvent properties and Group

=l e
|5 B

[ Capectal Mansger - [LAPLOG MANAGLR2]

52zl
=i [ Sesch
[ B Search
M Advsnced Semch
) Sohey Semch
=1 [ Add b Change Data
[ s Newe Compound
[l Crange Compound Data
[ 204 5ckbdtyDats
51 [ MahenDats

T Buanager

CACAPECHCASS | abarbiAccesaDtidopr md

Benzene

| Smites [ Formata

[INENENEEEN NN REE]

T P AMBNOAICIENII

1.2, 3-DENIENETRIOL
BCHLD

Mi=Hicicecet Je1 elecal CTZHITND
creccenct i
SeteiGiecet K1 CAHEGY

Beran 1 2-cchioro.
1,24 TRMETHYLBENIENE

1,24 5-TETRAMETHYLBENTENE
1.CHLORO.24

Kl | CEHACHOD
ciofoeet KGN K CEHACL
ejrce(elCCNEC | CoHIZ
eI CENEE | CI0HI4

bert BUTYLBENIENE
BENIENESULFONC-ACD

(e IN=0)
i Mol KICHEX | COHIA
O OAORICEST KT | CEHEOTS

VLDENZIHL.

-3 MTRODENZENE

1.3,5-TRIMTROBENIENE

1.2 DCHLORD-A-MTROBENTENE
mOISOPROSYLEENTERE

M OPTROBENTENE
P-CHLOROMTROBENTENE

- DESOPROPYLBENTRE

P ONTROBENIENE
e

TCH Cramoe
Oa=O)Icecel )] CBHSNOL
Crei oM ) IS
e CICCCTI T | CEHICENGE
sipeeetCICINET W0 1218
eheeioeee N ) CEHANIOS
b= Oete{e ol CEHACNO
efeelel ISR CIMIR
O=N{=OlociM=0)  CBHNDO4

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)

i CapecDB Manager - [CAPECDE MANAGER] =10l x|

Tl Ele Edit Wiew |Database Help =S|
fEes

Create New Database I
EH [ Seach

Basic Search

Advanced Search
[ Solubility Search

[} [ Add & Change Data
Lo Add MNew Compound

Change Compound Data CAPECDB MANAGER

Add Solubility Data

[+ [ Misture Data Select database x|

&wailable bages: IC:\CAPEC\ICASE\databank\AccessDE\CAF‘EC.mdb j
L databank \AecessDBVCAPEC. mdb

C: El dipy

C:ACAPE ChVCASEYdatabank \accessDBAEngineD B mdb
CACAPECMCASE databank \AccessDBkunifac. mdb
CACAPECMCASE databank \AccessDBhsalts. mdb
CACAPECMCASE databank \AccessDBYuser mdb

CACAPE CMCASE databank \AccessDBYW arD atabase. mdb

[cap MO [scRL 2

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 Manager - [CAPECDB MANAGER:2] =1}
Tl Fie Edt Wew Database Help =18
L=l
- ~—
[ [ Search [~ Search by: Typs the Search-ting
Besic Search ; Name [Benzen Seaich CapecDB Change Data
[ AdvarcsdSeach )
1 Soubilly Seaich € Casnumber Clone Compound Delete Compound
[H[] Addé Change Data - Found Compaunds:
AddHew Compound [ casmo | Chemname Smiles Formula =
Change Compound Data ¥ (000071432 _Benzens c(oooet)ol CBHE
Add Solubilly Data 000100414 ETHYLBENZENE cecoet e )CC a0
5[0 Mitue Data 000106457 Benzene 1 d-dichiaro- B . e
— |o00541-73-1Benzens, 1 3-tichioro- c(coec C(et 101 CRHECE2
neiiew Data DDEH Fl?-HD-T MONDCHLDBOPE.NZENE cceect )(e1)Cl CEHSCI
000035-50-1o-DICHLOROBENZENE ce(corEen)c CeHHCE

21
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v' Change the  desired
information in  the
corresponding fields.

Once you finished click
on “Add/Update Data”
An

button. updating

message will appear.

3. Clone of a Compound

e ——
‘ o L Maassigeer - [LAPELUS MANALER:]

[Sitke Gk Yew Ootabese teb

=l0l =
SIS

Ll

sl

| B[ Sesch

B DascSewch

B AdvecedSench
Bl Sokbiny Sench

V| 7 [ Addk Change Datn

Bl sd Mo Compound

' 1 Mohae tiatn
B Pt Dt

\
B A Sy Dot

Froptes Fage 1. | Propesies Page 2 | Paoperts: P Proceser Page | Group Deserien |

(] e | |

[fsieie

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

i
Syrorym g 5
Synoryn 3 T Dt bt b wrkten]
e B S

Malhss CC2

MahimCo:  [F5FE0

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

v Click on “Clone Compound”.

CapecDB Manager - [CAPECDB MANAGER:2]

ZlFle Edt View Datahase Help

=1

SIS

bEERE

=l

[ Seach
Basic Search
Advanced Search
Solukilty Search

[ [ Add & Change Data

. Add New Cormpound
. Change Compound Data
Add Solublity Data

=t [ Misture Data

Find/iew Dala

~Found Campaunds:

Berzene

~Ssarch by i
& Name
€ Fomua
€ Casumber

i the 5 eanchy
Search

CapecDB

Change Dala
CloneCompound | Delete Compound

Casno Chemname Smiles Formula
¥ [00071-43-2 [Berzene crecoct et CBHB
000100-41-4  ETHYLBENZENE cfccoo Je1 )00 CBHID
005108-36-7 " Benzene 1 4-dichioro- ece(cICheE T CERACE
600541734 "Benzane 1,3-dichioro- ctececi et )c CEHacE
000106-80-7  MONOCHLOROBENZENE clecoet Ne1)Cl CBHSCI
_|ciéé'ué5-5u-1 0-DICHLOROBENZENE cle(eect )Nl CEHACI

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

on “Ok”,

v" Allocate the cloned

component in a database

the

(only to “user”

database”),

TlEle Edit Wew Database Help

[l CapecDB Manager - [CAPECDE MANAGER:3]

e s |

Lzl =l

[T Seach
Basic Search
S Advanced Search
Solubilty Search
[ Add & Change Data
. edd New Compound
- Change Compound Data

Add Solubilty Data
(=[] Misture Data

FindAvies Data

Properties Page 1. | Properties Page 2. | Properties Page 3. | Solvent Properties Page.

Add/Update Data

| Gioup Deseription. |

Synanpm 1: IAN‘UNE
Synoryn 2: I S
Synanym 3
Enter Name for cloned compound:
Mathias CC1 _
[ariine]
Mathias CCz
Mathias CC2
Antaine & 7.46441

TlEle Edit View Database Help

i CapecDB Manager - [CAPECDB MANAGER:3]

L

=l

EF[T Sesrch
Basic Seaich
Advanced Search
Solubility Search
[+ [] 4dd % Change Data
Add New Compound
Change Compound Data
Add Solubility Data
EF[T Miture Data

e Find/view Data

Add/Update Data

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

Syrorgm 1 [AHILINE

E Select target database

§

Avalable bases =l

CACAPECMCAS Bvdatabank \AccessDBACAPEC mdb
CACAPECMCAS B databank AccessDBYdippr mdb
% CACAPECNCAS Bvdatabank \AceessDBAEngineD B. mdb

C:ACAPECHCAS Bdatabank \viceessDB kunitac. mdb
Mathias CC3

C:ACAPECHCAS Bhdatahank iccessDBsalts mdb
biai ) I
o 7| CACAPE CHICAS Bydatahank \AccessDB Swarl atabase mdb

0B

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(0O)C40cl1c25) 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 DN E N e R e ] 1) e e

|DPT| ‘

el A P T T Y oo setector x|

Biiicas1

tor
[ Search Criiteria———————————————————

Auailable Tables

Search Shing: IDheno\

| dinpr b

=

Please select the database to get the:

Cancel

Tainclude a compaund in this
problem, select it in the avaliable
compohd list [elick in the first

To inspect the properties of a

compound of interest and olick.

Toremove a compound from
this problem, select it in the
selected compound list (click in

% Name " Foimula " CasMo compounds fram I~ Electrolyte System
i~ Available Compound
Hame Formula Cas. Ho ;I
335 |p-tert-BUTYLPHENOL C10H140  [000085-54-4 i
column) and click ‘Add'
638 |p-ETHYLPHEMOL CEHIDO 000123-07-9
840 |p-CUMYLPHENGL C1SHIBO  |000589-64-4 Add
673 |m-CHLOROPHENOL CBHSCIO  |000108-43-0
852 |pert-OCTYLPHENOL C14H220  [000140-56-9
981 |NONYLPHENOL C15H240  [025154-52-3 compound, select the
1186 | p-tert-AMYLPHENOL CHHIEO  |000080-46-5
1233 |o-CHLORCOPHENOL CBHSCIO 000035-57-8 Miew
1332 |p-CHLOROPHENOL CBHSCIO  |000106-458-9 View
1433 | DINONYLPHENOL C24H420  [001323-B5-5
1481 |Phenal CBHED Do00a-g5-2 1.2
- Selected Compound:
Hame Formula Cas. Ho Database
1 Benzene CEHE 000071-43-2 |CAPEC the frst column] and click
2 Phencl CEHEC 000108-85-2 |CAPEC ‘Remave'
Remave

II. Double click on the stream to enter the “mixture specification” window

25



/ -.,u_/\ ~
CAPEC

File Edit Wiew Draw Format Def.Prob. Tooboxes Simulation Window Help
fios | [micer <1k [~ |m|e| e [at] & | R e]e| O -] Sl &l [l o]
D[S 3] % ||| w5 o | €8] |26 w | m] e[repa| 2] S e
Bcasr 1ol x|

ﬁMiutureSpeciﬁcation D\ CAPEC\ICAS",

B|=|=g
Temperature Pressure: Energy Tupe Select existing components
Stz lie |f ({: Specily Value [(-‘ Speciy Value ’76‘ Enthaloy

i " Bubble paint 1~ Bubble point Entroy
Fram Ci 1 b P ol
tom Cannection [Suroundings |~ Dew paint " Dew point " Internal Energy

To Connection ISumur\dlngs [~ UseBoundaries | Divider Factors [~ Euplicit variobles
| ptimization I Splitter Factors [~ Parameters

Cancel
Default

R F— [~ ¥ Specifications
Walue | Known | It | Plat
Temperature (K] 300
Erthalpy Flow [K] fi
Pressure [atm] 1 ®
Density (kmole/m”3) 0 ®
Benzene (kmaleshr) 1 ®
Phenol (kmaleshi) |
TOTAL FLOW [kmnole/hr] 0
IF the total flow is specified the other will be nomalized to molefractions. [~ Wiew Calculated Results
[Ready

A

| | »
Hstart || 0] @& 59 @ || B)on...| Sevdor,.| Fluns.., | Gyoam.. | Bycapr.. | Boo.,, | Bicas.,, | Bilicss esibe T [NSY T ABE 110100

III.  After specifying the temperature, pressure and component flows (as shown above)
click on the top-left button &t to enter the “property” window. Click on the top-left
button & ! to go to the “property model” selection window.

B Property - D CAPECLICAS work , ICAS1.in - IEllll
&&= P
Sl [Ntz Select components to include in the calculations: r— Froperties to calculate
|1 Benzene ™ PT-Flash
Phenal

[~ PH-Flash H= |0
[~ PSFlash 5= |0

*What ko plot; Plot Type: [ Eubble Paint Temperature
IND Flot ﬂ I j [~ Dew Paint Temperature
1-awis [ Bubble Paint Pressure
I . j [~ Dew Point Pressure
[ Incorporate remajning 2-auis [ Fugacity
componen:s &z fined I j [ Activity Coefficient
EEIES 3-anis [ Fugacity Check.
[T Shovs precipitation lines . .
I j [ Intensive Properties
I~ Koy Pressure I
Multiple Curves I Solubility Products
IDnI_l,J Orne Curve j [ Solubility indices
tultiple misture points - independent component I~ PH-values

IN o Component

Le

[~ Reactive Bubble Point Temp.

Fultiple misture points - dependent component [ Reactive Dew Paint Temp.

Mate: Perform the property INU Companent j [ Separation efficiency curves

g:lf#:th;or;b?; AT T First  Last Step I Salubilit Calculation
Tenmperature [K] 00 o 0 -
B ; 1 0 0 Organic SLE |

Feset Al | Feset Axiz | s (=

- 0 10 1 Pure compound cormrelations

Cancel | Independent Comp. [kmale] 1] 100 1o

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

V.

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

reF | 4 | 0B ||

Drefault | Ok, |
Cancel |

[ Use multi-phase flash [more than 2 phazes]

— Phasze Equilibrium kModel

Gamma-FPhi | Select the gamma-phi approach [Different thermodynamic models for each phaze]
Phi-Phi Select the phi-phi approach [Same thermodynamic model for all phases)

Selected GE-Model IND Ge-model selected

Selected ESModel  |SoaveRedichKuong

Saturated Yapor Pressure Correlation

Heat of vaporization model

Select | IDippr Carrelation 101

Enthalpy madel

DIPPR-108 carrelation [DIPPR-106)

Densityv¥olume model

DIPPR-107 |dGas comelation [Hig)
DIPPR-107 |dGas carelation + Hr fram EOS [Hig+Hr)
CIPPR-100/114 IdLig comelstion [Hid)

d |dGaz comelation + DIPPR-105 1dLig correlation [1dG as+ldLig)
J Density from EQS for both vapour and liquid (EOS)

[Ready

Click on the “select liquid phase model”

Gamma-Phi Setup x|

Fleaze go through the fallowing 4 steps ko setup pour gamma-phi model

Select Liquid Phaze Maodel -»

|deal Solution

|deal Gas

Select W apor Phasze Model -» |
Select S at. Wapor Pressure comelation -» |

Dippr Comelation 101

|

|

|
Include Powting Correction -> o

Cancel | QK |
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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

eeMene x|
oK |

Relax OK

Select GE-model: | Org. UNIFACYLE Tpat B
Tdeal Soluion

Margules

Fredich Kister

Scathard Hamer
Van Laar
Wan Laar DECHEMA
Aij [K] Drgd\wiun

T Mod. Wilson
I g NRTL
ESNCOH Mod. NRTL
Mod NRTL2
Reguiar Solution
Org. UNIQUAC
Wod. UNIGUAC

Mode| Parameters

Select GE-model :

Model Parameters

Pure Properties

Org. UNIFAC LLE 1par

g [S111
Cancel LROUEEE—————

Compound Description

e |
Relax Ok |
Cancel |

Org. UNIFAC YLE Zpar

Mod. UNIFAC Lyngby 3par Aij [K] 3. "ACH

8. "ACOH"

Giss UNIFAC (gas solubilty)

UNIFAC 2 par [new group table] 3. "ACH" 0

1329

User UNIFAL model 8. "ACOH" 25 34

0

Wiew UNIFAC parameter table

The selected databaseis : |C:ACAPECA CAS\databark\AccessDBY Save Parameters to Database

VIL
the other model options (as shown below) and click OK.

\CAPEC!\ICAS"work

4. Selection of Thermodynamic Model -

X

REFl"H'“' ugnlzl

™ Use multiphase flash [more than 2 phases)

Drefault | -
Cancel

—Phase Equilibrium Model

Phi-Phi | Select the phi-phi approach (5 ame themodynamic modsl far all phases)

IDrg. UNIFAC VLE 1par

Selected GE-Model

Selected EOSModsl  |deal Gas

Gamma-Phi | Select the gamma-phi approach (Different thermodynamic models for each phaze]

Saturated Vapor Pressure Comelation Heat of vaporization rmadel

Select | IDippl Coirelation 101
) P!

DIPPR-106 correlation (DIPPR-108]

Erthalpy model Densityolurne model

IIdGas comelation + DIPPR-105 [dLig corelation [1dG as+dLig)

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

[P roperty - C:\CAPECICAS \work \ICAS 1.in =10l x]
oM e}
Shieam N r_l‘“"‘“‘"“’ Melting curve
Dire. [ T 1 | T —
ag
[ Sriten 00
[ Harma Tm [iF]
i lBeume  2rees
2 el Hans 06
it : 05 1
o [l m—
o= J H 044
4 03
Ik
a2
a1
o
00 ni 08 07 ng il
b
Hete: P
o By ey e - -
ey Fuit  Lost Step | 7 Solitts O
Terngerahae K] | o [0 Orparic SLE
Fasal 0 | Flasel fiss Prosasa o) || S
Back | Cancel | Indépandsnt Comp. famok] | 1
‘el secificarion

xf

i et sl 0K L Give the increment, delx for # [ie.

x|
_|
Cancel fD[II?;aCh TEIT vacllue HTxold+deIH. T
I will be calculated until x=xmax.
I Mate: far tetm(1], there can be twa ﬂl
zolid phazes

Single paint in the T-x diagram

i n.0s -

SLE-b SLE-c
Give molefraction far compound 2 Give the molefraction for compound
from which the phase diagram wil 2 &k which the phase diagram wil

start [xrmin] [between 0 and 1) Cancel | terminate [between 0 and 1] Cancel |
- - I1

SLE-d SLE-e
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ﬂ
Ml Melting curve
Define I
= assm /,
Calculation complete 300.538
295538 /
Cancel | /
290,535 /
= 285538
Fiepeat for another condition
280,535
27553
270,535 I
~N

265,535 Vi
e 001 03 05 07 08

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.

] B4
- MU Select components to include in the calculations: — Properties to caloulate——————
e am Mumber |1— ETHANOL [ PT-Flash
“WATER
i [~ PHFlash H= |0
[~ PS-Flash 5= |0
What to plat: Plat Typpe: [ Bubble Point Temperature
IND Plat j I ﬂ [~ Dew Point Temperature
1-axis [~ Bubble Paint Pressure
: ﬂ " Dew Paint Pressure
™ Incorporate remaining Z-avis [~ Fugacity
components as fixed | 7] I~ Activity Coefficient
CENTOEREAE Z-avis ™ Fugacity Check
I™ | Show precipitation lines . .
I ﬂ [ Intensive Properties
I™ | Krown Fressure L
Multiple Curves [~ Salubility Products
|Dnly Ore Curve j [ Solubility indices
Multiple misture points - independent component [~ PH-alues
IND Companent =l | ™ Reactive Bubble Paint Temp.
M ulkiple misture points - dependent component [ Reactive Dew Paoint Temp.
NoltEZIPt'_EfoLm the P'_UPEF"L'H INU Comnponent ﬂ [ Separation efficiency curves
g: ?#eatloc;?h;rl PrEFENG AUN First  Last Step = Solubility Calculation

Temperature [K] 300 |0 i]

Reset Al | Reset .&xisl IFrzsse ] 10 1DD 10
Cancel | Independent Comp. [kmole) 0 100 o

Organic SLE Organic LLE |

Pure compound correlations |

[Ready
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e From the “property” menu, click on “organic LLE” to enter the LLE tool-box:

MFICAS 6.0 - ICAST _|=) x|
File Edit Wiew Oraw Format Def.Prob.  Tooboxes Simulation  Window  Help

e LN R e P o o ] = e = A [
0| 5| M| %% @) wilep] ]| 30| 3]8] =i | =] w | M| tlee[ea] 21| 2] Ao
[Erroperty - C:\CAPEC'ICAS| work\ICAS1.in
&|glw @]

Stream Mumber |17

Select componegh®o include in the calculations: - Properties to ealculate:

[~ PTFlash

[~ PH-Flash  H- [0
[~ PSFlash 5= [o

Bubble Point Temperature

‘what bo plot: Plat Type:

INn Plot = | =] Dew Paint Temperature
—_— 1-avis Eubble Point Pressure

#= LLE Organic W Point Pressure

Compaunds System
compH1. ETHANOL
WATER

Add to System Remove fiomSystem | Up | Down

INute If ternary, comp#! and comp#3 must be a partially miscible pair

I~ Solubiity Calculation

il— Initial values for concentrations [mole percent). May be zero except for highly unsummetric systems

Organic SLE Organic LLE
Concentration of compl3 in phagze 1 o Concentration of comp#1 in phaze 2 o
Pure compound comelations

CalcubaetPlot | Close |

Far Help, press F1 |Steady State Unit. In DynSim, this is considered a line mixer cap [MUM [ScRL

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

Plot Ternary LLE Curves x|

Ternary diagram can include up to six different LLE curves, each at a different
temperature. Enter below the temperature values [in Kelvin for each isatherm ternary
LLE curve. Values must be within a range in which all components can exist az liquids.

Izotherm # 1: |2?3_53 Isotherm # 2: |302.2D4 Isotherm # 3: |325_?23
Izotherm $# 4: |349_252 Izotherm # 5: |3?2_??5 Izotherm # &: |51 392

Step length in the binodal [ternary] curve construction, in mole percent [1<STEP<G]

—

Cancel |

e C(Click in OK in order to calculate a ternary LLE phase diagram:
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&LLE Organic

Compounds System
comphl. Be

Hame | Tm (K)| Tb (K} | Te (K)
ETHANOL 15905 3

comph3. WATER

Benzene 27866 135324 56216

Add to System Fiemaove from System |

Up | Downl

lNote: If temary, comp and comp#t3 must be a partially miscible pair

Initial walues for concentrations [mole percent). May be zero except for highly unspmmetric spstems

Concentration of comp#3 in phaze 1 ID Concentration of comptl in phase 2 ID

CalculatedPlot I Cloze |

e The calculated LLE phase diagram is shown:

Yisualise It - [LLE-Phase Diagram: Benzene(1)/ETHANOL({2)/WATER(3}]
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