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Introduction

This document presents the different steps to follow in order to plot residue curves with Simulis
Thermodynamics.

The steps are the following:
= Step 1: Set the thermodynamic system
=  Step 2: Plot the ternary diagram
=  Step 3: Plot the residue curves

The ternary system used in this example is a mixture of acetone, methanol and methyl-ethyl-ketone (MEK).

Before studying this case, it is recommended to consult “Getting Started with Simulis
w Thermodynamics, Case 1”
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About residue curves...

Residue curves map (RCM) are useful, for example, to visualize and investigate entrainers that can
facilitate distillation by breaking an azeotrope.

Because the choice of an entrainer determines the separation sequence, its selection is a critical step in
the synthesis and conceptual design of azeotropic distillation processes.

Residue curves are obtained by plotting the evolution through time of the composition of the liquid
residue at vapor equilibrium for a simple batch distillation (Rayleigh distillation), starting with the initial
composition of the boiler. The path of the liquid compositions starting from the initial point (charge
composition) is called a residue curve.
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Step 1: Set the thermodynamic system

ACCESS THE THERMODYNAMIC CALCULATOR EDITOR:

= |f you are using Simulis Thermodynamics in Excel:

. . iInsert =| Duplicate = Move = Rename = Delete = Edit =
Create the calculator object in a spreadsheet - !
Simulis System

Simulis Compound

Simulis Compounds  [Sonnalisees

Simulis Caleulatar

BEBRAEA

Simulis Calculatars E F &

» If you are using Simulis Thermodynamics within another ProSim environment (ProSimPlus,
BatchReactor, BatchColumn etc...):

Click on the thermodynamic icon to open the calculator editor: %

Simulis Thermodynamics is a « software
w component » that you can integrate into

different applications: ProSim software,

Excel, Matlab, your own software, etc...
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Step 1: Set the thermodynamic system

e Thermodynamic calculator editor

CALCULATOR This window helps you to define the context of your thermodynamic calculator

“; [SOIVIIeBINY \MODEL | BINARIES | PARAMETERS
Open... - -

B saveas. || ACETONE 67-64-1 COMPOUNDS
CTAE | METHANOL 67-56-1 FILE
METHYL ETHYL KETONE 78.93.3 & oo

SERVICES -
ﬁ Calculate...
J, Export as a PSF file...

E Save as...
E Publish...

Diagrams.., PACKAGE

iy Ternary diagram...

i Azeotropes... ' Import compounds...

Select Acetone, Methanol and Methyl-
Ethyl-Ketone in the standard pure
~ components database (click on “Import
compounds”).

| Stream...

J, Export as a PVT file... Create a new zampound

=

] Remove all the compounus

}. Report...

MODIFICATIONS -

Update the compounds...

CONFIGURATION -
SERVICES

ORDER

TOOLS -

Comments :

CAS Registry Numbers © are the inteflectual property of the American Chemical Saciety: and are used by Fives
ProSim with the express permission of ACS. CAS Registry Numbers @ have not been verified by ACS and may be
naccurate.

Refer to "Getting Started with Simulis Thermodynamics, use
“  case 1" for details on these operations
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Step 1: Set the thermodynamic system

#X Thermodynamic calculator editor - O X
l

CALCULATOR This window helps you to define the context of your thermodynamic calculator

Select the NRTL profile F“‘E' o compOUNDSSIIIMIEINARIES | PARAMETERS

in the “MODEL" tab e T ™

PACKAGE ——

THERMODYNAMIC MODEL

DOCUMENTATION —————————— A

Name [NRTL ]

Category |AII the profiles - l

£2» Thermodynamic assistant...

SERVICES —m————
Profile S @ Thermodynamic help...

ﬁ Calculate...

Export as a PSF file... Approach type |From activity coefficients - J | ADDITIONAL PARAMETERS

Diagrams... Equation of state |Perfed gas - J ] MODEL INFORMATION

Ternary diagram... T t def v : WATER-HYDROCARBON

Azeotropes... a =1
PURE WATER

| Stream...
Activity coefficient model [NRTL -]

Export as a PVT file...
Pure liquid fugacity standard state |VBDOT pressure v] ol

£
}. Report...

MODIFICATIONS

Liquid molar volume |Idea| mixture - ‘

Transport properties |Classi< methods v J

H*=0, ideal gas, 25°C, 1 atm |

Enthalpy calculation

CONFIGURATION -

Comments :

Ok || Cancel

Refer to "Getting Started with Simulis Thermodynamics, use

¥ case 1" for details on these operations
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Step 1: Set the thermodynamic system

#N Thermodynamic calculator editor - [m} X . " "
. Click on the “BINARIES

CALCULATOR This window helps you to define the context of your thermodynamic calculator .
e e tab (which appears when
&« COMPOUNDS | MODEL LN RAMETERS
e you select the NRTL

E‘ Save 35... These parameters correspond to the general values and are used if the user has not provided specific parameters (buttons to the right of

‘- each option in the thermodynamic profile) ) R

PACKAGE Binaries view: (& (Grid " Matrix mo d e | ) . Th e b Inaries
Formulation : gij - gjj = Cij0 = CijT*(T - 273.15), aij = aij0 + aijT*(T - 273.15)

services —————————— i CTET I Cy R F B i BINARIES Interaction parameters

Calculate... ACETONE METHANOL |184,701 |222,645 |0,3084 0 ACTIONS

|ACETONE |METHYL ETHYL KETC |0 o o o B £ inport binaries.. (B | PS) available in the
[METHANOL METHYL ETHYL KETC(307,427  |217,91 0,3003 0 ———
Standard database are

ﬁ Estimate binaries...

[ save the binaries.. automatically loaded.

OPTIONS —————— &

Export as a PSF file...
Diagrams...
Ternary diagram...
Azeotropes...

| Stream...

Export as a PVT file... ot

W parameters will be ignored

parameters are automatically loaded

MODIFICATIONS

CONFIGURATION

| Mot supplied | [ Supplied | [ Imported | ]

Comments :

Refer to "Getting Started with Simulis Thermodynamics, use
w case 1" for details on these operations
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Step 2: Plot the ternary diagram

#N Thermodynamic calculator editor - m} X
CALCULATOR This window helps you to define the context of your thermodynamic calculator
| R
. " . . [@lo)V I olVINIDSY MODEL | BINARIES | PARAMETERS
Click on “Ternary diagram” to open & open. - ' — _
. . . R saveas.. " r—— COMPOUNDS

the residue curve calculation service - bl g -

e sles = METHYL ETHYL KETONE {78933 W oven

SERVICES
E Save as...

M Publish..

PACKAGE

lﬁ Calculate...
Export as a PSF file...
Diagrams...
4 Ternary diagram... e
5-3 Import compounds...
}g

(;E Create a new compound

Azeotropes...
| Stream...

Export as a PVT file...

@ Remove all the compounds

i

L]

’L Report...

G Update the compounds...
MODIFICATIONS

x

CONFIGURATION
SERVICES -

ORDER

TooLs

Comments :

(CAS Registry Numbers ® are the inteliactual property of the Amarican Chemical Society: and are used by Fives
ProSim with the express permission of ACS. CAS Registry Numbers @ have not been verified by ACS and may be
inaccurate.

The residue curve calculation service is only available when 3 components at least are present in the list.
w If more than 3 components are present, a complementary window will allow to select only 3.
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Step 2: Plot the ternary diagram

This window helps you to determine azeotropes-and to plot the residue curves,

Project  Acetone-Methanol-MEK ternary diagram

Set the pressure to 1 atm DATA

——
Fressure Azeotropes | Isovolatilities | Liquid-Liquid equilibrium | Residue curve | Ternary diagram
(default value) p | Liquid-liquid eq g

Sampling compositions (Molar)
|aceTane

Change the temperature
units from Kelvin to
Celsius in the unit system

Click on “Azeotropes” to
identify the possible
azeotropes in the mixture

W Extractive profiles

RESULTS ———— 4

".‘r_F Unit system

CALCULATIONS

Azeotropes

OPTIONS

iy 5
{:.3- Mumerical parameters

ﬁ Graphic styles
<
A sketch.

| METHANOL

| METHYL ETHYL KETONE

|0,06667

|0,86656

|0,06867

0,06667
SRRy £0,86666
0,86666 0,06667 0,06667

\

Azeotropes

£ Add

Gk Delete
£ Move up

E@ Move down

IPure? |Name |Binary \lTemar\uI |Svstem Temperatu... |ACETONE

METHANOL |METHYLE...

Sampling compositions are

automatically initialized, therefore it
IS not mandatory to provide values
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Step 2: Plot the ternary diagram

The following table appears and displays boiling points of pure components as well as
binary and ternary azeotropes

RESIDUE CURVE This window helps you ta determine azeotropes and to plot the residue curves,

o Project  Acetone - Methanol - MEK residue curve calculation
DATA

il
Pressure - e i | . 1
Azeotropes | Boundaries | Isovolatilities | Liquid-Liquid equilibrium | Residue curve |Ternary diagram

Sampling compaositions (Malar)
W Extractive profiles ACETONE |ME]'H&NO1. METHYL ETHYL KETOME G Add
E 0,06667 |0,08667 |0,86666
0,06667 |0,36666 |0,06667
RESULTS — & 0,86666 0,06667 0,06667 o Move up

Fractions | % Move down

".i I unit system

Gk Delete

CALCULATIONS ——————— Adiiapes
Azeotropes |Pure 7 Mame Binary Ternary ‘Systan Temperature (K} |AC£‘I‘ONE METHAMOL

W [acETonE [Unknown [saddie 'Homogeneous  |329,287 1 ) Th|S System presents two

Unknown | stable \Homogengq_u_s 337,685 o i

METHYL ETHYL KETO | Unknown Stable Homaogeneous 352,492 iﬂ a h
Azeotrope -1 Unstable Unstable Homogeneous 328,543 l0,7912292009794?5_0,2087?0?99020525 O m O g e n eo u S azeOt ro p eS
Azeotrope - 2 | Unstable Saddle Homogeneous 337142 N 0.533992731081272 0.1660077589187 2
S — —_ (acetone-methanol and
OPTIONS ———————
o , methanol-MEK) and no
) Wumerical parameters

@ Grapnicstes ternary azeotrope

B3 Export to Ms Excel

A sketch.

Boundaries
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Step 2: Plot the ternary diagram

RESIDUE CURVE This window helps you to determine azeotropes and ta plot the residue curves, Sel ect th e " Tern ary

Project  Acetone - Methanol - MEK ternary diagram dlagram” tab E]

DATA ————————————————— da

Azeotropes | Boundaries | Isovolatilities | Liquid-Liquid equilibrium | Residue curve Ternary diagram
[visile [series legend | t BEEE Y (22 | HE LD
| [+ v Azeotropes

e i — METHYL ETHYL KETONE (79,3424 °C) Stable nodes
E i [7] Boundaries

“ [ Isovalatilities

B Extractive profiles

RESULTS ——— 4

",_=_F Unit system

] Equitibrium

CALCULATIONS E'ﬁf/
Azeotropes e A
E daries *
oundarie, 1}|4 /,f o
W\
A \/ e
: Saddle point ez 7 }{ A LY }\ 20
; o ' v '\:,;\D.B
oPTIONS ———————————— \ "/\‘ /\/\ /\ /\ff \ ‘1\," \fa i
=4 Mumerical parameters ACETONE (56,1366 °C) 1 6 03 02 O o METHANOL (64,5245 °C)
Graphic styles
Export to MS Excel ACETONE | J'“'EI'H!RBI\ | METHYL ETHYL KETOME

Sketch..,

Unstable nodes g

 Stable nodes are represented by a square (MEK and methanol)
e Unstable nodes are represented by a circle (acetone-methanol azeotrope)
« Saddle points are represented by a triangle (MEK-methanol azeotrope and acetone)
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Step 2: Plot the ternary diagram

This window helps you ta determine azeotropes-and to plot the residue curves,

Project  Acetane - Methanol - MEK temary diagram

oundaries | Isovolatilities | Liguid-Liquid equilibrium | Residue curve | Ternary diagram

Click on "Sketch...".

hEEEEY A3 BAdLd

METHYL ETHYL KETONE (79,3424 °C)
2

ameters ACETONE(56/1366°C) 1 0% 08 07 06 05 04 03 02 01

0 METHANOL (64,5348 °C)

e

METHANGL

[ ACETONE

METHYL ETHYL KETONE

Cl ACTIONS

This graph gives a simplified

representation of the ternary diagram.

In each relevant cells, enter the

temperatures calculated in the previous
table. In this example there is no ternary

azeotrope (cell #7) and no binary azeotrope

between heavy and light (cell #6). All other

cells can be filled.

™ Reset

Loy

# Copy
ﬁ Print
NAVIGATION
€
>

DIAGRAMS

Intermediate

ﬁt_lgst,_entgr temnperatures for the poiﬁ%s_l_, 3 and S_ﬁf:_ﬁ < T5).
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Step 2: Plot the ternary diagram

Azeotropes
Pure ? MName Binary Ternary System Temperature (3C) ACETOMNE METHAMOL METHYL ETHYL K...
ACETOMNE Unknown Saddle Homogeneous 56,1366 1 0 0
METHAMNOL Unknown Stable Homogeneous 64,5343 0 1 0
METHYL ETHYL KETC | Unknown Stable Homogeneous 79,3424 0 0 1
O Azeotrope -1 Unstable Unstable Homogeneous 55,3933 0,791229200979474 |0, 208770799020526 |0
O Azeotrope - 2 Unstable Saddle Homogeneous 63,9921 0 0,833992231081272 |0,16600776891572
AS SOON as ‘ Distillation Region Diagrams X
temperatures are ACTIONS Intermediate |\//ethanol
. N
provided, arrows Ky Reset Diagram £9 Ms.c’ =
appear between the B con Wik
binaries. It shows the C
direction of residue NAVIGATION
composition when €
increasing the 2
temperature. DIAGRAMS - Azeo 2 Azeo 1
63,9°C [~|4 2 [55,3°C M
DRD{s) ) -
LBl ==
7
You can copy this graph
into other applications
MEK . Acetone
79,3°C vs5 | ] 1 /56,1°C v
O -t O
Heavy (Temperature profile: 21435) Light

Well done : one or several DRDs have been found.
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Step 2: Plot the ternary diagram

Close the sketch window to go

back to the main interface. Click
on "Boundaries® and then on <‘
the "Ternary diagram” tab.

This diagram shows the distillation
dividing curve which is called distillation
boundary.

A distillation boundary corresponds to a
frontier that cannot be crossed by
distillation.

The presence, location and structure of
the distillation boundaries are crucial to
evaluate the distillation feasibility. For
each distillation column, the distillate and
the bottom products must be in the same
distillation region.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

0.56665

aaaaaaaaaaaaa
sssssss

=
B

METHYL ETHYL KETONE (79.3424 °C)

7/ \. x/ \ / \ .
D'ix \ / \D\|si|)’fé(\|on @%/i / %
/ \ / /

/ L N / I\‘\ /\
AV Mg Binary azeo

,:/ \ N/ \ / \ M (64°C)
X /\Mf&noﬁrégf \Z\

04

// b
ACETOHNE (56.1366 "'If:'_lD L1n 0 METHANOL (64.5348 °C)
Binary azeo
(55.4°C)

© 2025 Fives ProSim S.A.S. - All rights reserved.



Step 3: Plot the residue curves

RESIDUE CURVE

This window helps you ta determine azeotropes-and to plot the residue curves,

DATA s Project  Chdde

Pressure < A i I s Ii 1
: l Azeotropes | Boundaries | Isovolatilities | Liguid-Liquid equilibriumyll Residue curve ary diagram

i

&

Compasitions (Malarj
W Extractive profiles [vame [AcETONE [METHANOL [METHYL ETHYL KE...

E G Delete

& Mave up

RESULTS ——— &

",‘:_L' Unit system

% Move down

CALCULATIONS Points

Click on the "Residue curve" tab

Azeotropes [Properties [iquid [ iguid 1 [Liqud 2 [Vapar

[Time  [rempe.. [spittn...|aceT... [MemH... [MeTH... [aceT... [vem... [Mer... [ace. . [memm... [vemH... [acer... [memm.. Jmemm... |

Boundaries

OFTIONS
Mumerical parameters

ﬁ Graphic styles

B3 Exportto MS Excel

A sketcn

DATA —————————— A

W Extractive profiles

Create a table with one line in which you &
will enter a mixture composition

— A

1T unitsystem

ATIONS
atropes

Boundaries

Click on "Residue curve" to run the
calculation

Residue curve

OPTIONS
Z® Numerical paramete|
ﬁ Gra

B3 Exportto Ms Excel

A sceten

e
=] e
b determine azeotropes and to plot the residue curves,

Q=]

Project  Cidde

Azeotropes | | | Liquid-Liquid Residue curve | Ternary diagram
Compositions (Molar}
[ame [AcETONE [mETHANOL [METHYL ETHYL KE... & Add
|RL 0,1 |0t |08
Gk Delete
o Mave up

5 Move down

Points

Properties
E

irect points
i {Tnverse points

[T | [

=]
%
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Step 3: Plot the residue curves

Click on the "Ternary diagram" tab to view the graph

| Residue curve...

RESIDUE CURVE This window helps you to determine azeotropes and to plot the residue curves,

DATA e Project  Chdde

FESSHIE kadl x Lzeotropes | Boundaries | Isovolatilities | Liguid-Liguid equilibrium | Residue curve Ternary diagram
" |Visible | Series egend |  IEEES® A2 | BE LD

Azeotropes

B Extractive profiles

Eir.‘- v Residue curve
| METHYL ETHYL KETONE (79,3424 *C
E | ¥ Boundaries 0 L I

= [ Isovalatilities
SR - [ Equilibrium

".;_F Unit system

CALCULATIONS

ﬁ Azeotropes

Boundaries

Residue curve

[ {}:1 I\/\\/ Illl, \\_<\ | ._...- \
OPTIONS ———————— ¥ xvx’ x K\M
iz} kY \*_ I‘\"._

X
0 £ % % 1
Mumerical parameters ACETOME [56,1366°C) 1 08 08 07 08 05 04 03 02 01 0 METHANOL (54,5348 °C)

Graphic styles

Export to M5 Excel METHYL ETHYL KETONE

Sketch...
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Step 3: Plot the residue curves

Compedtion: o You can add more composition samples in order to
Mame ACETONE METHANOL METHYL ETHYL KE... - .

T or o ol have additional residue curves and a more

R o1 oa 01 i . .

& 05 0 01 = Move up comprehensive analysis of the system

R4 [0.2 10,2 0,6 £8 Mave down

R3 9.2 0.6 0.2

B !Eﬁ 'g; 02 . .y
- Here, we enter 6 different compositions
corresponding to 6 different residue curves R1 to R6

METHYL ETHYL KET%NE (79.3424 °C)
1

The direction of the residue curves goes from
the lightest boiling point (acetone-methanol
azeotrope) toward MEK or methanol, depending
on the initial composition

04

The location of the feed point determines the o /\[A/N/ Au.s
distillation region of the potential distillate and NM/\X\ iy

01 %WM 03
i /MWY?\/\‘1
ACETOMNE (56.1366 °C) 1 0g 0.g o7 0E 0.5 0.4 03 0.2 01 0 METHAHNOL (64.5348 °C)
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Step 3: Plot the residue curves

RESIDUE CURVE This window helps you to determine azeotropes and to plot the residue curves,
o . Project  C\dde E]

pressore. (T [
i Azeotropes | Boundaries | Isowalatilities | Liquid-Liguid equilibrium | Residue curve Ternary diagram
E ’ |series  Jiegend || HEEE SN |2 | BE a3

[+t |
B Extractive profiles = IE Azeotrope
= v Resid
[ e METHYL ETHYL KETOMNE (79,3424 °C)
E Ll R1 g
# M R2
RESULTS —————————— = o Tool bar
S o W RS
Y ; B RS
,.:_F Unit system i'.. w7 mg
W Biednos
CALCULATIONS f_-j il prl =
Azeotropes | vl .
Bolindaries ] Isovalatilit
O Equilibriu

o1

02 «-: \ E |
N Access to cufves style AP OAN NS N\ LA

OFTIONS

& Numerical parameters ACETOME(56,4366°C) 1 0% 08 07 0§ 05 04 03 02 01 0 METHANOL (64,5348 °C)
ﬁ Graphic styles
B3 Export to MS Excel ACETONE METHANGL | PSR I E It WERE |
A skt : |

You can switch the diagram summits and modify the graphical properties of the diagram and the curves.
You can also copy the diagram into other documents or save it as a picture.

© 2025 Fives ProSim S.A.S. - All rights reserved.



£,

fives

Industry can do it

Fives ProSim S.A.S.
51, rue Ampere
Immeuble Stratége A
F-31670 Labéege
France

Tel: +33 (0) 5 62 88 24 3

ww.flves-prosim.com
flves-pr03|m.mfo@flvesgroup.com

ProSim, Inc.

325 Chestnut Street,
Suite 800

Philadelphia, PA 19106
USA

Tel: +1 215 600 3759

© 2025 Fives ProSim S.A.S. - All rights reserved.



