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& Outline

& What are Steady State Process Simulation Software?
& Importance of Thermodynamics inside Simulation Software?
& Approaches used for Fluid Phase Equilibria
& Homogeneous Approach (Equations of State)
® Heterogeneous Approach (GEModels)
® New Mixing Rules for Equations of State (EOS / GF)
& SAFT Equations of State
& Specific Models
& Description of a Thermophysical Properties Calculation Server
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, Steady-State Process Simulator

Tools performing rigorous mass and energy balances for all the operating
units of a continuous process in steady state operation

& Calculation of all process streams characteristics
(flowrate, temperature, pressure, composition, physical
properties,...)

& Calculation of performance of equipments

& Calculation of all process data required for equipment
sizing

& Calculation of data required for energetic analysis of a
process (Pinch...)
I e
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Typical Process Industries Served

& Chemical & Petrochemical Processing
(ammonia and fertilizer plants, olefins, ethylene crackers,

polymers, fine & specialty chemicals, inorganic chemicals, _ _
intermediates, solvent recovery,...) = Operating companies

8 Oil & gas production as well as E&C
(Offshore platforms, on-shore fields and facilities, LNG (Engineering &
plants and terminals, gas dehydration, gas sweetening, :

Construction)

. companies in these
& Petroleum refining . Idp
(Crude/vacuum  distillation,  hydrocracking, FCCU, 1€lds
iIsomerization, alkylation, hydrotreaters, sulfur recovery,= For conceptual

reformers, cokers, lube processing...) design optimization

8 Energy ¥ f
(Combined cycle/cogeneration, nuclear, coal processing, an Per _Ormance
monitoring

gasification combined cycles, water and utilities,...)

& ...and many other fields

(Air separation, carbon capture & storage, bio-fuels,
pharmaceuticals, pulp & paper, biochemicals, food and
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' Useful Throughout the Process Lifecycle

=>R&D, lab.

= Conceptual development

= Process Engineering

= Detailed Engineering

= Construction & Commissioning

=QOperations

= from experimental data regression ...
...to optimization of a complete process unit or plant
S e
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' Example of a Flash-Unit without chemical reaction)

Data: F, z, HF
Parameters: P, T, Q
Variables: V, L, vy, x, H, h

Vapor
/——\ Flowrate: V

Composition: y
Enthalpy: H

Feed P T

>

Flowrate: F

Composition: z Q

Enthalpy: HF Liquid
Flowrate:,L
Composition: X
Enthalpy: h

Equations

Global mass balance: L+V-F=0
Partial mass balances: L .x;+V.y,-F.z =0
Enthalpy balance:

L.h(T,Px)+V.H(TPyY -F.HFTPz)-Q=0
Thermodynamic equilibrium relations:

fYT,Ry) =f-(T,Px) or vy, =K (T,Pxy) . X
Constraints: £ x; =1 2y, =1 Yz,=1

= Thermophysical properties
= Numerical algorithms
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@~ Software Architecture

Unit operation
models

Thermophysical
calculation server
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- _\ Conception of a Distillation Column

-/ Influence of Relative Volatility
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Conception of a distillation column

Influence of relative volatility

Relative volatility of H,O/x (x=HDO, HTO, D,0, DTO, T,0)

W.A. Van Hook, Vapor Pressures of the Isotopic Waters and Ices, The Journal of Physical Chemistry, 1968, Vol. 72, No 4, p. 1234-1244
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Data Required For Accurate Results

A
Pure component properties o{*-\\ Q}Q] properties

(Tc, Pc, o, P;,...) & » (0" -, excess properties,...)
\\ =) ‘\\0
N
o©

)
Wy of results

W

‘li\q’ multi-components system can be deducted from
t, e“d of the behavior of the pure substances and the

z Only crimental data of pure substances and binary systems are
required
I ] o
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& Simulis® Thermodynamics

Software component

for computing

H . .
thermophysical properties

and phase equilibria on pure Simulis®

Thermodynamics

substances or mixtures

in MS-Excel®, MATLAB® or

other applications

——— A
Using Accurate Models for Process Modeling — Olivier Baudouin .
JEEP 2012 — Rouen — 29 & 30 Mars 2012 ProSim



' Simulis® Thermodynamics

Thermodynamic
Functions

=To compute thermo-physical properties

(Transport, Compressibility, Thermodynamic, Non-ideal and their
derivatives)
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& Simulis® Thermodynamics

= To compute phase equilibria
(Vapor-liquid, liquid-liquid, vapor-liquid-liquid flashes)
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Simulis® Thermodynamics

Databases
(pure, BIP)

——— A
Using Accurate Models for Process Modeling — Olivier Baudouin .
JEEP 2012 — Rouen — 29 & 30 Mars 2012 ProSim



A

\

) Pure Compound Properties

A\ Py

8 Supplied with a database of over 2 000 compounds based on
AIChE's DIPPR® database (public release 2005)

v 125 constant properties (molar weight, critical temperature,...) DIPPR

v’ 16 temperature dependant properties (Cp, Pi°, A, AHvap ...)

8 Optionally the last public version of the DIPPR® database can
be supplied :

& All properties can be edited, ==
modified, plotted.,...

[ e
jufufufafulalalalnl

DCODDCODCOODUDO0s §3 5583 2§
- i £g

8 Pure compound properties {
can be estimated

8 Orregressed from
experimental data
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Simulis® Thermodynamics
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, A Range of Thermodynamic Models

Equations of State

DDA

Soave-Redlich-Kwong (SRK)
Peng-Robinson (PR)

Predictive Peng-Robinson (PPR78)
Lee-Kesler-Plocker (LKP)

BWRS

Nakamura

NRTL-PR

PPC-SAFT

etc...

Activity coefficients models

920 I K0 B¢
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UNIQUAC

UNIFACs (Larsen, Dortmund,...)
Wilson

etc...
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T s
NINIFAC
[¢f onsortium

@

Combined approach models
8 MHV2

8 MHV1
& PSRK
A etc...

Specific systems

Pure Water (nss/NRc steam tables - 1APS,1984)
Chao-Seader, Grayson-Streed
Sour-Water

Carboxylic acids

Formaldehyde

etc...

lectrolytes
Edwards
UNIQUAC electrolyte
ULPDHS
Amines
etc...
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' Equation of State Approach

Equations of State derived from van der Waals Theory (1873)

RT a

P= -
V-b V
e ™~
Repulsive term Attractive term
(volume of molecules, b) (internal pressure, a)
L. : P P
At critical point (T=T,, P=P,) : (8_) = 8—2 =0 P. = RTe__ a2
ov )y 0v” ) Ve-b V¢
(apj RT, 2a 27 R*T
~. | T ;+—==0 a=_—
o)y (v, =b)f v 64 P,
7,3
o°P 2RT, 6a 1RT, 8
~2| = 7 =0 b=~
ov” ). (Uc —b) L, 8 P,
I e
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' Equation of State Approach

~ RT  ao 1
“V-b V(V+b)

Redlich and Kwong (1949): P

RT B ao
V-b V(V+b)

o =|1+m-T%)f

Soave (1972) . P=

Peng-Robinson (1976): p= Rl _ ao
V-b vZ,2bV-b’

o = [1+(0.37464 +154226 ©—0.26992 0% 1 - T°

Improvements: new alpha functions (Boston-Mathias, Mathias-Coppeman,
Twu-Bluck-Cunningham-Coon...), volume translation (Peneloux)
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' Equation of State Approach

Some other “Classical’ Equations of State:

Benedict-Webb-Rubbin (1940) :

D, E
P =pRT +(BORT—(A0+\|/A)—C°+ 0 _ °+4\VEjp2+(bRT—a—ﬂ_ e T )pS

T2 T3 T T 174 1%
d e f C h o2
+a(a+?+T4+T23jp6+£T2+T98+T17+Twsjp3(l+yp2)e P
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' Equation of State Approach

Equilibrium constant (vapor-liquid):

Application range: «Systems composed of normal gases, rare gases,
nitrogen, oxygen, carbon monoxide, hydrocarbons and some
hydrocarbons derivatives. Carbon dioxide, hydrogen sulfide,

hydrogen and with some limits, some light polar substances can be
included».

L. Oellrich, U. Plécker, J.M. Prausnitz and H. Knapp, «Equation of State Methods for
Computing Phase Equilibria and Enthalpies, Int. Chem. Eng., 21, 1, pp 1-16 (1981)
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Equation of State Approach

Phase Envelope of a Methane Benzene (0,25-0,75 mol/mol) mixture

125 +
105 A
25 mole % Methane +
75 mole % Benzene
85 -
= —— Methane vapor pressure
% 65 - Benzene Vapor pressure
b O Methane Critical Point
u;: Benzene Critical Point
o 45 - —— Mixture Dew Curve
o @ —— Mixture Bubble Curve
2 O Mixture Critical Point
% Benzene
25 -
5 _
-200 -150 -100 -50 0 50 100 150 200 250 300
_15 _
Temperature (°C)
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Phase envelopes for mixtures of 99.99 mole % C1 and 0,01 mole % of
nC9, dimethylcyclohexane and ethylbenzene with NRTL-PR EoS

80

n-Nonane

— — — Ethyl benzene

- Dimethylcyclohexane

Pressure (bar)

20

-100 -90 -80 -70 -60 -50

Temperatute (°C)
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Vapor - Liquid equilibrium curve of Acetone - Water mixture @ 760 mmHg
Othmer, D.F., M. M. Chidgar, Sh. L. Levy, Ind. Eng. Chem., 44, 1872 (1952)
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' Heterogeneous Approach (y-®)

Based on an activity coefficients model in order to take care about the non
ideality of the liquid phase:

» Margules

» Scatchard — Hildebrand (Regular solutions)

» Wilson

» NRTL

» Uniquac

» UNIFAC Models

> ...

And based on a equation of state usable for vapor phase:
> ldeal gas
» Soave — Redlich — Kwong
» Peng — Robinson
» Lee — Kessler — Plocker
> ...
e e
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, Heterogeneous Approach (y-®)

Vapor - Liquid equilibrium curve of Acetone - Water mixture @ 760 mmHg
Othmer, D.F., M. M. Chidgar, Sh. L. Levy, Ind. Eng. Chem., 44, 1872 (1952)

Acetone vapor mole fraction

0 7 T T T T 1
0 0.2 0.4 0.6 0.8 1

Acetone liquid mole fraction
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' Heterogeneous Approach (y-®)

& Vapor Phase: fiV( T,P,y ): D (T, P,y )'yi'P
& Liquid phase: - (T,P,x )=7, (T, x )x.f* (T,P)
oL

T P) = T, ROTOIR? (T)exp{VéT p- aw)}

& Equilibrium constant:

Application domain: Chemical systems where complex chemical or polar
Interactions take place; low pressure and temperature (far above the
critical point)

——— A
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Equation of State Approach with Complex

Mixing Rules (EoS/GF)

Use of a unique equation of state for the whole fluid zone including
sophisticated mixing rules based on activity coefficient models:

& Equations of state (cubic)
» Soave — Redlich — Kwong
» Peng — Robinson
> ...

& Activity coefficients models
» Wilson
» NRTL
» UNIQUAC
» UNIFACs
> ...

fi(T,P,z)=2;(T,P,z)zP
& Mixing rules

% %
> MHV1 H(T,P,z)=Y zH (T,P=0)+(H-H )T,P
» MHV?2 i
» PSRK
> ...
e e
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Equation of State Approach with Complex

Mixing Rules (EoS/GF)

Vapor - Liquid equilibrium curve of Acetone - Water mixture @ 760 mmHg
Othmer, D.F., M. M. Chidgar, Sh. L. Levy, Ind. Eng. Chem., 44, 1872 (1952)

1 -
0.9 A
0.8 %A/-
0.7 4
0.6 4
0.5 A1

0.4 1

Acetone vapour molar fraction

a  Exp.
NRTL
------- SRK_MHV2_NRTL

0.3 1

0.2 4

0.1 1
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Acetone liquid molar fraction
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Equation of State Approach with Complex

Mixing Rules (EoS/GF)

Acetone - Water

SRK - MHV2 MR - NRTL
Griswold, J. Wong, S.Y, Chem. Eng. Prog. Symp. Series, 48, N°3 (1952)

1200 -
Bubble cure at 150°C
------- Dew curve at 150°C
1000 A e T Bubble curve at 200°C
########### ------- Dew curve at 200°C
.-'-"'"-F’F ++ .-"“xx
;_,,ﬁ* . Lk Bubble curve 250°C
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Equation of State Approach with Complex

Mixing Rules (EoS/GF)

Ethanol (1) / water(2)

Comparison of MHV2 in SimulisThermodynamicsTM with experimental results
25 - Barr-David,F. and B.F.Dodge, J.Chem.Eng.Data, 4, 107 (1959)

o ®
2Wﬂ 300 °C
e o o ® O eoc@0 @0 o
M 250 °C

1,5 ®

log P [bar]
q
D
D
N
8
o

0,5 -
0 T T T T T T T T T 1
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
x1,y1l
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&  PPC-SAFT ( €nergies
@ nouvelles

& Statistical Associating Fluid Theory (Chapman et al. 1990)

Zresidual = 7SAFT _ 1 = m (Z'er  + 7disp) 4+ + 7assoc + Polar extension (Zr°')
HorQ

& Zrep = 7reéference HS — f(O', 8)

& Dispersive-attractive f(o, €) Gubbins et Twu 1978

= Association kassoc, gassooc

Modeled as a chain of m gassooc
spherical segments

@ @ ~ssociation sites
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VLE of Hydrogen - Methane system

o
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&  PPC-SAFT @,ﬁ;’ﬂg}g

VLE of Hydrogen - Toluene

& exp [188.7°C]

400 - / / / —— PPR78[188.7°C] Jllf / I
/ / o ! I

;’f / ;; x exp [22? Cl | / ;r | IJ
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[/ N / o
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. P

/) /| x ez N
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/! _,r"l) /f 4 ! 4 ')rf I
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£ ;o ’ i I f !
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&  PPC-SAFT ( Energies
@ nouvelles

VLE of polystyrene (PS) - ethylbenzene mixture
(PS: M =93 kg/mol)

151

——T=140°C
——T=160°C
o Exp. Data (T=140°C)
® Exp. Data (T=160°C)

0,5 4

0 011 012 0:3 014 015 0:6 017 O:B 09 1 VLE of polystyrene (PS) - monochlorobenzene mixture
(PS: M =93 kg/mol)

2,54

15

GROSS J., SADOWSKI G., “Modeling Polymer Systems g

Using the Perturbed-Chain Statistical Associating Fluid . 1

Theory Equation of State”, Ind. Eng. Chem. Res., 41, e

1084-1093 (2002) 05 o b bt (11407
® Exp. Data (T=160°C)
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PPC-SAFT @gggg;’gg
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&  PPC-SAFT @,ﬁ;’ﬂg}g

VLLE of Methanol - n-Heptane mixture at atmospheric pressure

370 4
350 A \A
A
330 - A A A A AR A A
%3
o
>
I
8 310
£
()
= O LLE data
A VLE data
290 —— PPC-SAFT
270 A
250 T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6

X, Y Methanol
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o
o

HNO3 in vapour, wt fr.
o
~

—— 0 wt% H2S04 in liquid (calc)

— 7 wt% H2S04 in liqui (calc)
— 20 wt% H2S04 in liquid (calc)
—— 37 wt% H2S04 in liquid (calc)
—— 50 wt% H2S04 in liquid (calc)
—— 70 wt% H2S04 in liquid (calc)
80 wt% H2S04 in liquid (calc)
0 wt% H2SO04 in liquid (exp)
7 wt% H2S04 in liquid (exp)
20 wt% H2S04 in liquid (exp)
37 wt% H2S04 in liquid (exp)

+ ¥ X 0O ¢ b

70 wt% H2S04 in liquid (exp)
80 wt% H2S04 in liquid (exp)

50 wt% H2SO04 in liquid (exp) | |

0.5
HNO3 (H2S04 free) in liquid, wt fr.

0.75
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Solubility of Sodium Sulfate in water with respect to temperature

60 -

50 - m}

40 +

30 -

20 - : .
—— Simulation

O Exp

Na,SO, in liquid phase (g / 100 g of water)

10 ~

0 T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)
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Specific Models: Reactive Systems

Partition coefficient of formaldehyde at 333K and 383 K Concentration of hemiformal (HF) and
and §.,=0.01 g_g'l (@ 383 K, O 333 K). poly(oxymethylene) hemiformals HF, and HF; in
chemical equilibria at 276 K.
1
HF 2N
g Y
= €
g 14 =
P E
‘ 0,2
HF,
0,5 o
o
o] )/H':sée
| ‘)“(",\,,E/m’ol.mol'1 | | ';'(FA/moI.mol’i | |
Partition coefficient of FA in the Concentration of HF, HF2 and HF3
FA-water-methanol system iIn chemical equilibria at 276 K
] o
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equilibrium data, pressure =1 atm

0,2 0,4 0,6

0,8
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Water (1) / Formic acid (2) - Azeotropic data: Comparison
experimental data / simulation
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& Compounds selection (from
databases, modifications,

E Creste a view

ke Delste this view

@ Maddity this view

+ Compound Editor
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9 Redo

@ Copy
L_EI Pastz
Za print

Compound
Hame:WATER

Crviginal ID: 1921

1D {8C444536-3025-4E25-5441 -0200A3CERF33}

Originsl location | Component Plus sourcesiComponent Plus tables\Standard 2007

erems 4

Graphical
User

m Show the package manager ...

‘@ Import & package...
@ Build & package...
W Select 3 CAPE-CPEN packags

@ Lo
R Fedo

EET
[ﬂ Calculate

Propetties “alue

(L idertification

uj Atomic

ﬂj Phase change

1] Combustion, security, tax...
(] Condensed phase

() Prase thermochemistry
uj Interaction, gas phase re...

uj Uszer properties
=] Temperature dependert ..
E]--D Solid specific heat

]--D Idzal gas specific heat

H

E

[]--D “apar pressure

[]"D “aporization enthalpy
E]--D Solidd thermal conduct...
[]--D Liguid thermal condu...
#] as thermal concucti..
[]--D Licuid viscosity

E2} D Gas viscosity

#[7 Solid density

I Complete

Ezj Export a5 & PSF file

Molar - |

F v | [dma -

E Diggrams

E Residue...

Liquid specific heat [1/mal )

[ Logarithmic scale

90

T S
Comments :

gol T

?: - } +

1} 100 200 300 400 500
Calculator type
Temperature [°F) |Nat|ve v‘

[ Show the expert mods

" Chart [Grid Formulation

Configuration of the
property model

& [ Calculator

Thiz window helps you to defing the cortext of your thermodynamic calculator

Name

vz |

Profile
M2 -|

@ Thermodynamic assistant

@ Thermodynamic help

[0 Use a specific madel for pure water
Advanced

[ vater-hydrocarbons model

Sol A (525043
SolB (4015.30

Thermodynamic mode| ‘Uslng Equstion of state - |
Mixture rules ‘MHV2 type - |
Licuict molar volume il miure -
Enquation of state for the gas phase ‘Soave-Reulich-Kwung [SRK) - |

Activity coefficient model

Pure liguic! fugacity stanciard state ‘Standard - |
Transport properties | Clemsic methods -
User-defined thermadynamic mods! ‘NDHE - |

Enthalpy calculation

Comments

Modelindex [ - |

He=0, ideal gas, 25°C, 1 atm vl

Compounds  Model | Parameters

ke | Cancel

Thin Thizx Poirit=
[szms-F | |sooF MIEE
Temperaturs Property

[zzo18°F | 7eA501 dmalkt |

@ Copy & Prirt E Refresh Eg Regression

Ok

| Cancel
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Simulis® Thermodynamics
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, A Range of Services Available

>

An interactive calculation service

>

Graphical display of properties on temperature, pressure or
composition ranges

Calculation of petroleum fractions properties

Management of group contribution predictive models
Estimation of pure component properties

Data regression of pure components experimental properties
Unit conversions management tool

@ ® ® & & &

etc...

=Provide user with quite all tools required for
thermodynamics analysis
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' Simulis® Thermodynamics

Graphical
User
Interface

Databases
(BIP,
Compounds)

Simulis

Thermodynamic Thermodynami Thermodynamics
functions Models

Set of
services

A
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Simulis® Thermodynamics Can

“' Number of Ways

Be Used In a

Cla
i Excel

MATLAB
BatchReactor Toolbox

BatchCqumn

“ o i i o Suite Thermodynamics

Arlane . .
ProPhyPlus 2 Impleéngntlng
ProSimPlus ProSim : . :
i&' . cormvardll SIMulis 3 Thermo
" g Socket

Modeling tool

Aspen Plus, Proll,
Aspen HYSYS,
HTRI, gPROMS ..

Tabulate
R MS-

Using Slmulls® Thermodynamics, thermodynamic calculation
consistency between software is automatically ensured

DECHEMA e.V.

Your software

B OLGA (PvTfile) SPTGROUP W

Using Accurate Models for Process Modeling — Olivier Baudouin
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Version 2.5

This program s protected by international copyright laws
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Equation of State Approach with Complex

Mixing Rules (EoS/GF)

G =RT(Ln®-Y x;Lna,)
& Huron - Vidal (Reference state: infinite pressure)

P —oc Vob G > modG;
i CGE(T,x )|
- a=>b ZXiaI—I- Y(* I) b:Z Xibi
b C i
& Huron - Vidal Modified by Michelsen (Reference state: null pressure)
P->0 GSX — mod G$
GS(T,P=0,x
=) X+ L] Gy ')+Z X, Ln2 (MHV1,PSRK)
o} RT b,
G (T,P=0,x b
g (o-Y Xioci)+q2(oc2-z Xjo? ): 1 | o ')+Z xiLnE(MHVZ)
I
I e
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. Service: ProPhyPlus 2

- | Service: ProPhyPlus 2 ProPhyPlus 2 Service

PI’OPhmeS 2 Service This window helps you to define the context of your calculations
This window helps you to define the cortesd of your calculations
[ For the calcultion canditions Type of calculstion  Physical-Chemical properties v | Session name ew: session
[ For the calculsted properties Results
Type of calculstion  |Physical-Chemical properties w | Session name New session
&1 For the caicutstion concitions \WATER ETHANDL \apor ratio WATER ETHANDL
[ For the calculsted propertiss Allowy the calculstion of derivatives Physical state Automatically determined - @ acetansw session e 0.00000 1.00000 0.00000 0.00000 1.00000
&l 1 atm 28315 K 1.00000E-002 0.990000 0.00000 1.00000E-002 0.990000
Properties A1 system wapor - Liguid - {8 Caleulate the currert sessian 1 atm 29815 K 2.00000E-002 0.980000 0.00000 2.00000E-002 0.950000
Transport 42 Calcuite ol ih 1 atm 28815 K 3.00000E-002 0.970000 0.00000 3.00000E-002 0.970000
[T 2dd a new zessian... . B Calculle gl the sessions
Malar weight Property Uit Iritial Final Step . ot 1 atm 29815k 4.00000E-002 0.950000 0.00000 4.00000E-002 0.950000
ession i
Pl lzobatic specific hest Pressure atm 100000 |1.00000 000000 > 1 atm 28815 K 5.00000E-002 0.950000 0.00000 5.00000E-002 0.950000
i ifi 1 et 29815k | X
{8 Caleulste the current session Isachoric specific hest Temperature " 595150 |298150 000000 m 6.00000E-002 0.540000 0.00000 6.00000E-002 0.540000
Gamma (Cpicy ratio) 1 atm 28315 K 7.00000E-002 0.930000 0.00000 7.00000E-002 0.930000
G Calouiste sllthe sessions Thermsl eonductiviy Vel T 1 atm 29815k 3.00000E-002 0.920000 0.00000 8.00000E-002 0.920000
slues &
Seasion list Dyramic viscosity . P 1 atm 28315 K 9.00000E-002 0.910000 0.00000 9.00000E-002 0.910000
= New session Kinematic vissosit +) Fractions £ Motar 0100000 0.900000 0.00000 0100000 0.900000
inematic viscos .
¥ GQuartities  Total |0 kmol
Denzity
Molar density Mixture compostions )
Molar volume |Aut0 | Compound Initig .
Compressibility factor 08
P ¥ WATER .00 270
sound speed v ETHANOL Autd - 0
Joule-Thomson coefficient
@ Help . 366 o
Thermodynamic 54
Entropy 362 7*
Erthalry

Internal eneroy
Erthalpry of vaporization

Bubble and dew temperatures

“apar factions (Bubble - MolarkMET HYL ETHYL KETONE

Equilibria w54

Activity cosfficients O Results type asz 1

Fugacity L +) Malar -

Funacity coefficients lz‘ Mass a8

<h th oo 01 0z 03 04 04 0g or 08 08 1.0 o i i i

ovy the error messages Mixture compositions (Molar-METHY L ETHYL KETONE oo ol 0z 03 04 o5 o0& or 0g oe 10
Mixture compositions (MalarkMETHY L ETHYL KETONE

—=—  Results-Bubble temperature (k)
—=—  Results-Dew temperature (K] |——=— Wapor fracinns (Bubbls - Molsr) METH'L ETHYL KETONE

L ogarifmic scale; [ dixe =y [ cony | [ Zaem | [ [eoes |
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, A Range of Services Available

A

& Graphical display of properties on temperature, pressure or
composition ranges

TS diagram

Molar entropy (cal/mol/K)

A
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&, A Range of Services Available

& Calculation of petroleum fractions properties

Results of ASTM D86

D 2887

distillation

Simulated distillation i

\—y ASTM D86 corrected

!

Simulation results

TBP

ASTM D1160
at low pressure

l

|

TBP
at 10 mmHg

ASTM D1160 >
at 760 mmHg

ASTM D1160 < |
at 10 mmHg

Using Accurate Models for Process Modeling — Olivier Baudouin
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» at 760 mmHg »

Set of components,
weight composition

l

Properties
estimation

A

ProSim



\

&, A Range of Services Available

.
4 -

A

A
& Management of group contribution methods versions

» Several versions are supported:
* UNIFAC original
* UNIFAC (Dortmund) modified
 UNIFAC (Dortmund) LL

UL
[edonsortium

he Zq}\

» UNIFAC (Lyngby) modified Larsen = tssorese emosymmise
« UNIFAC formaldehyde ~

. PPR78

« NRTL-PR

» A group contribution models editor is supplied
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, A Range of Services Available

A

A

& Estimation of pure component properties

& Data regression of pure components experimental properties
& Unit conversions management tool

A etc...

=Provide user with quite all tools required for
thermodynamics analysis
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7% Simulis® Thermodynamics Can Be Used in

- ProSim Software Suite

& Since Simulis® Thermodynamics is
a software component it must be
embedded in another application

BatchReactor
BatchColumn ‘
& Ariane ProSim

ProPhyPlus 2 St Simulis

ProSimPlus Thermodynamics

= Simulis® Thermodynamics is the thermodynamic "heart"
of all ProSim software suite
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7\ Simulis® Thermodynamics Can Be Used

' Within MS-Excel®

E Microsoft Excel - Book1
@J File Edit Wiew Insert Format  Tools Data  Window  Simulis  Help

i : NDEEHRISISAIVE | & L@RE-F(9-0-|@ = -4 k][l 4H 1w -

Insert = Duplicate ~ Move » Rename v Delete = Edit = !
l !ﬂ Microsoft Office

/] Excel E2 - xvH-=

\ Tel o L€ ] S ——
2 F 10[z ] 20
| 3 03 Search for a Function:

M S_ EX C el é Iﬁfcierbnef description of what you want to do and then Go |
Ad d _ | n % ..SmuhsEalculatml Or select a category: | Simulis Calculators j
E Select a function:
| 3 | stCALSBinaConvertedyalue ﬂ
‘ |10 stCALSBubblePressure
11 |stCALSEUbblePressurekii
1A | iekC Al SEubbleTemperature
£ stCALSBubbleTermper atureklj
= ﬂ stCALSCompoundCount
e T h er m O d y n am I C . . ﬂ stCALSCompoundDisplayMarme LI
SI m u I I S 1 15 | stCALSBubbleTemperature{ObjectName; CalculatorIndex;...)
- 15 Bubble point temperature calculation,
functions are added 17
. Thermodynamics [ 18]
to Microsoft® Excel i
1,00
a d d H 8| Temperature unit Enthalpy unit | Fressure unit 0490 4 ACETONE-WATER
---anausedin = S |
d h z Molar heat of vaporisation 28663 42054 0,20 4
spreadsheets as Sl
- - o Tolar Flowrate' 1 0,70 4
native functions... B
4 Temperatuwre™ 7173 050 4
15 Enthalpy -23557
8| Molar Flowrate 0,315 050 1
17 | Overhead |ACETONE  WATER [/
12 | product 0,35 0,05 0,40 4
8 ...to perform more or less complex B [ = s
0,30
engineering calculations (with S ponan ({2
23| product 0,001 0,933 0,20 4
- - a4 Temperature 98,78 &b
rigorous thermodynamics)... el
_27 | Reflux 1 7 Humber of ideal plates = 11
26 [Minreflus ] 0.6
= 2 g Y 0e6a257957 (o j T T T T T T T T
e A to flt BI P Of mOdels % 0,00 040 0,20 0,30 0,40 0,50 0,60 070 0,80 0,90 1,00
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Simulis® Thermodynamics Can Be Used

@ \\ithin MATLAB®

® Simulis® Thermodynamics MATLAB

IS provided as atoolbox N ‘

MATLAB
8 SR Toolbox
N

" daofl simulis

Thermodynamics

= Rigorous thermodynamics become available in MATLAB®
without further programming effort
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-\ Simulis® Thermodynamics Can Export

@ Result Files to Other Packages

4
Simulis

Thermodynamics

Tabulated results to :

& MS-Excel

B Aspen TASC (psFfile)

B OLGA (PvTfile) SPTGROUR
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7V Simulis® Thermodynamics Can Be Used

@ \Within Your Software

A complete Application Programming Interface (API) is also provided

= Simulis® Thermodynamics

v’ Visual Basic &> can be easily embedded in
v C++ . any application supporting
v' Delphi g & the COM/DCOM technology
v FORTRAN f

v C# =l Simulis % gl}graj:q

v etc... \ XM Thermodynamics o

vvvvvv
sssssss

‘‘‘‘‘‘‘‘

= However, the interface
between the embedding |
lication and Simulis®
application and Simulis Your software
Thermodynamics must be

coded

Using Accurate Models for Process Modeling — Olivier Baudouin .
JEEP 2012 — Rouen — 29 & 30 Mars 2012 ProSim



http://images.google.fr/imgres?imgurl=http://www.geekpedia.com/gallery/fullsize/Visual%2520C%25202005%2520Express.jpg&imgrefurl=http://www.geekpedia.com/Picture4_Microsoft-Visual-Csharp-2005-Express-Edition-Wallpaper.html&h=768&w=1024&sz=49&hl=fr&start=2&um=1&usg=__kpPxvWwiD0MiY-hn3P6tkAcpWII=&tbnid=KN1JyrA_fLWsnM:&tbnh=113&tbnw=150&prev=/images%3Fq%3Dvisual%2Bc%2523%26ndsp%3D20%26um%3D1%26hl%3Dfr%26sa%3DN

7V Simulis® Thermodynamics Can Be Used

@ Within CO Compliant Packages

Modeling tool

N\ implementing
) i CO
S ) 3 Thermo
Thermodynamics " " Socket

Aspen Plus, Proll,
Aspen HYSYS,
HTRI, gPROMS ...
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