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GOSMWW The CAPE-OPEN Interface to COSMO-RS — Theory and Application

Background: Predicting Properties of Liquids

Group Contribution Methods
UNIFAC, ASOG, CLOGRP, ...

- Based on experimental data

- Often fail for complex molecules

Monte-Carlo / MD simulations

- Based on Molecular Mechanics
(empirical force fields)

- Very large computational effort

Pvap

e.g. phase diagram

A
L
—

\%

X1, Y1

Continuum Solvation Models

PCM, SCRF, COSMO, SM¥, ...

- Based on quantum chemistry

- Quite limited applicability

—

COSMO-RS / COSMOtherm:

- Based on quantum chemistry and
statistical thermodynamics

- General applicability (!)
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Dielectric Continuum Solvation Models (1)

Conventional Quantum Chemistry describes isolated molecules at T =0 K.

Concept for describing compounds in solution:

1. Embed the molecule in a dielectric continuum.
The “solvent” is represented by a mean
interaction with the surrounding electric field.

2. Include solvent polarization (screening charge)
into the Quantum Chemistry calculation as a
boundary condition.

aps =1
e

3. Self-consistently solve the resulting Schrodinger Equation.

H
Conductor-like Screening Model ( COSMO) >—O >
H
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Dielectric Continuum Solvation Models (l1)

Although dielectric continuum models have been succ essful in a number of
applications, they have some inherent weaknesses

1. Liquids are described from the standpoint of the solute only. There is no
possibility to describe the properties of solvents or mixtures.

2. Dielectric continuum theory is valid only for mol ecules without dipoles or
multipoles. l.e. strictly speaking only for alkanes

The realistic description of liquids requires a mor e sophisticated physical
model: COSMO-RS theory !
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COSMOtherm: Definitions

COSMOtherm COSMO-RS
the program ) " the physical model
COSMO
the Conductorlike Screening Model
the Quantum Chemistry (QC) method
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COSMO-RS Theory: Molecular Interactions ()

COSMO-RS theory describes interactions of molecular surface charges s
that were computed by dielectric continuum model CO SMO:

- For each molecule the screening charge
s is known from the COSMO calculation.

- All surfaces are assumed to be in close
contact. Thus only pair wise surface
interactions are possible.

- If screening charges s and s ‘ on surface
pairs differ, an interaction energy will
result from the “ misfit ” of these charges.

EMisfit(’ ):_( + ')2

The misfit term E ;. describes electrostatic interactions between molecu lar
surface parts of different polarity.
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COSMO-RS Theory: Molecular Interactions (ll)

Two additional interactions are incorporated into t he COSMO-RS model:

- Hydrogen bond interactions between
surface pieces of strongly different A ,

polarity s<<Qand s’ >>0:

EHB( , '):max{O,-cHB( X '+ IiB)}

- Spatially non-specific van der Waals
interactions:

E.ow = 9vaw T9%w

O.qw are element specific adjustable
parameters.

\H\o/

COSMO-RS interaction energy: E_ =E, . +E.+E,
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COSMO-RS: Statistical Thermodynamics (1)

The transition from microscopic molecular surface charge interactions to

macroscopic thermodynamic properties of mixtures is possible wi th a
statistical thermodynamic procedure:

Only pair -wise interactions of surface segments have to be considered in
the statistical ensemble S.

Molecular screening charge distribution functions p(s) the “ s-profiles ” hold
all information relevant to COSMO-RS.

The chemical potential of a surface segment is exactly described by:

Eint (S’S() - rns(s() ds ¢
KT

my(s) =-KT In pg(sPexp -

The “ s-potential ” my(s) is a measure for the affinity of S to a surface of polarity s.
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COSMO-RS: Statistical Thermodynamics (ll)

The chemical potential of component X in system Si s calculated by
X X X
mg = p*(s)ms(s)ds + mq

mi. g is a combinatorial term , accounting for size and shape differences
of the molecules in the system.

The thermodynamic properties of liquids easily can be computed from
the chemical potentials .

Example: Activity coefficients  @fs:
g2 = exp{(mt - m) /KT |
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COSMO-RS Flow Chart

Quantum chemical

A

Start: Molecular Structure

s

Thermodynamics

= (i kit A7)

mla®)

COSMO calculation ®)
| : Q
2
Ideally screened mplecule: Database O
Energy and screening L, of
charge distribution on .
molecular COSMO -surface Sosienles
. o-profiles of compounds Results: Mixture Equilibrium Data
—'Water
= e Chemical potentials of all compounds,
— Chioroferm Vapor pressures, Solubilities, Activity
s coefficients, Partition coefficients,
z Excess energies/enthalpies, Phase diagrams, 8
2
-- )
e i e R =
T i e RN
/7 4 \“‘k =
v c-potential of the ,/ 3
mixture //
Fast — /’/
Statistical > 1
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COSMOtherm : Accuracy

Typical RMS errors of COSMO therm property predictions (log

QC-Method Basis log(@
Turbomole TZVP 0.35
BP DFT (RI) (large)

10 Units):
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The COSMOtherm - CAPE OPEN Interface

- Rationale: Make available COSMO therm calculated
properties in Process Engineering software applicat lons
via CAPE-OPEN standard interface definitions

- CAPE-OPEN Property Package COSMOtherm CO

Developed in collaboration with Amsterchem (J. van Baten, R. Baur)

- COSMOtherm CO provides:
- Activity Coefficient @)
- Unconstrained derivatives of ~ @with respect to temperature
- Unconstrained derivatives of ~ @with respect to concentration

- Properties related to  @and its derivatives: GF, HE, activity, ...
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The COSMOtherm - CAPE OPEN Interface

- The operability and CAPE-OPEN compliancy of
the COSMOtherm CO Property Package has been
verified in several Process Engineering and
thermodynamics program codes:

- COCO-TEA (Amsterchem)
- Aspen Plus, version 2004.1 (Aspen)

- Simulis Thermodynamics (ProSim)
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COSMOtherm CO — Usage of the Property Package

1. Create new Property Pack

template

‘1 Property pack definition:

Property Calculations I

Interaction Parameters |

Group Contributions

General Compaunds I E quilibrium I External Routines
i~ General:
M arne: iEDsmuT herm | sopropanaliyated

Description: |Test property pack for CozmoT herm

— Numerical options:

R elative termperatures perturbation: |U.UU1
|D.E|E|'|

Relative prezzure perturbation:

Tolerance: |'| e-008
b ax. iterations: |25

Composition perturbation: |U.UU1

Compasition are absent below male fraction of:

E ztimation method far equilibrium calculations:

IF'erturI:u dH/d= termz :J
|1 015
lWilsun ideal zolution model ;I

Example: COSMOtherm CO in Amsterchems COCO-TEA

— Property pack templates;

LCheck |

]

Cancel |

102 Create templale

C1_C2[EOS) _—

ndeprop Edittemplate

alkanes —_—

hdeprop-Cozmo e eiate

Cozmolwater/ethanol] R E e
2. Define Name and

general properties
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COSMOtherm CO — Usage of the Property Package

3.

‘1 Property pack definition:

Property Calculations
General I

Compaunds i

Interaction Parameters
E quilibrivarr

Choose compounds

[aroup Contributions |
External Boulines

CozmoTherm

', Property pack definition:

Froperty Calculations I Interaction Farameters

I Group Contributions

General Compotnds E quilibrriurs I External Routines
Mame | Farmula | hd | Cas &dd
| zopropanol C3HED E0.0953 E7-63-0
W ater H20 18.0153 7732185 [elete |

Ed |

| ]

Cancel

o |

Check |

Ok Cancel

4.

Define Name and
general properties
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COSMOtherm CO — Usage of the Property Package

5. Set definitions and paths for COSMO therm calculation

Database of compound COSMO files

Main COSMOtherm settings

COSMO folder:
CTD folder:

werk \COMNCOSMOtherm-C21-0704%

...........................

CTD File:

.........................

[ndex file:

Licgrize file:  [license.cid Browse
Options: efile vpfile dbco
Defaults Save defaultsl HReset compounds | Ok | Cancel

i

Index file: Maps CAPE-OPEN information (compound na  me, CAS-RN)
to COSMO file name
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COSMOtherm CO — Usage of the Property Package

6. Add properties

'} Property pack definition:

General | Compatnds I E quilibrivim I E sternal Routines |

Froperty Calculations | Interaction Parameters I Group Contributionz I
Property | Dverall | Wapar | Liquid | Salid |_
Equation of state |deal gaz law b M,
activityCoefficient M Ay N2 w M
denzity I i, ECS Fraals id,
denzityvolume [pure) M A EOS Rackett A8,
enthalpy SumdfPhazes EOS |deal+E woess ! Y
antronu SumfPhacas  EMNS Erorn achuiby cnsfficiant hLLA

Activity coefficient will be provided by COSMO  therm CO

heatd My aporization M, M A8, Pitzer A8,
logFugacityCoefficient M/, EOS From activity coefficient A,
surfaceT enzioh M Ay, Y |deal [ P
surfaceT enzioh [pure) I s, Y CarE [ P
thiermalConductivity M A, |deal |deal A8,
thermalConductivity [pure]  MAd CorE CorE A8,
vaporPressune M/, M, Leekesler M,
wigcosity M A, Brokaw Logarithrmic mixing MAd,
wigogity [pure] I Ay, CorE CorE [ P
walume SumOfPhazes EOS Rackett [ FF

Add property Liglete property

LCheck | Ok Cancel
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COSMOtherm CO — Usage of the Property Package

- Usage of COSMOtherm CO in Aspen Plus

[l Smulation 1 - Aspen Plus 20041 - aspenONE

1. Import Property PaCk Fle Edit Wiew DE‘l':l|TnuIe. HLII‘I Fowshest Library Window Help
gn;ribjil:‘aaﬂeterﬁesuhs... EHEI ol il

Clean Property Parameters...
Property Method Selection Assistant...

-

Conceptual Design... »

Import CAPE-OPEN Package...
Export CAPE-OPEN Package. .

Variable Explorer...

Mesd F4
Options

Available Property Packages

Froperty Packages Marme |ccu:|:|_T E& ThermoPack. 1

- Azpen Properties Diescription I
= TE&
EoLofiee oo
L.[1_CZ[EDS]

L ndeprop

o #lanes 2. Select Property

- ndeprop-Cosma

L Cosmalwater/ethanal)
8 Cozma herm PaCk

. Standalane Property Packages

Wendar
CAPE-OPEN wersion I_
4] | »]  Component version I_
oK | Cancel | Component help Helm | Package Details
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COSMOtherm CO — Usage of the Property Package

Simulation 1 - Aspen Plus 2004.1 - aspenONE _ O] x]
Ee Edt Vew Data Tods Run Flowsheet Lbrayy Window Heb , .
3. Flow sheet layout Dis|E| @la] @] | i sl-ele] v | =] B

| alm|E ] =

T Process Howsheet Window

Example: Phase split (LLE) of

1-butanol and water at 60C  Misers/Spliters semiu-sl HaaiEHchm | Columns | Reastors | Pressure Changers | Maripulate <[ ¥
aterial v‘ 0 ﬁ % i he }

TREAM Flashd  Decanter  Sep SepZ
For Help, press F1_ [C\AspenTechVispen Plis 20041 | | | [equired Inplt ncomplste
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COSMOtherm CO — Usage of the Property Package

[l Simulation 1 - Aspen Plus 20041 - aspenONE O] %]
Fle Edit Mew Data Tools Bun Plot Lbrary Window Help
ol

4. Select imported Djsle| 5] Bl@| el| w@-lsls|sle] v E || =] E

4| al@lE = |
P rO perty PaC kag e Il Properties Specifications - Dala Browser |3
COSMOtherm CO | @ specifications =] I:E | -] 1'|'|’| ﬁ“ml -] }>| Ul@l ﬂl N’l
#-f] Setup Jﬁluhall Flowsheet Sections I Referenced |
&[] Components _
E| (& Properties ~ Property methods & models ———— Property method:
@) Specifications Frotess tine: ALl || [ - _I
: --{"7] Property Methods - B ;
. m-f Estimation Hase method! _ -l ™ hedify preperty medsl
. E-] Molecular Structure Herry components vl W EEE -I
L Ee Parameters - =
g g Data -~ Petroleurn calculation options D.a"' el =i
{77 Analysis Free-water method: | STEAM-T4A vi Liguid‘gstrima: | z
b PrpSels Water salubiity:. |2 | Yati2s -
Et] Advanced Liguid erthalp ﬁ
! &) CAPE-DPEN Pack: = . .
i E+| -Fleoiwsheet AcKagEs Elechalyte calculation options ittt ﬁ
F-&y  Streams Chemistry 1D: | jv [= | Heat of mising
Lkiltias " . = Poyntingizomrestion
v Use tiue-components
Bl & Blocks [T ze lig, reference:state enthalpy
B~ Reactions
&) Convergence
B[] Fowsheeting Options
B[] Model Analysis Tools
E--¥ EO Configuration
H-E3 Results Summary
User Defined,
|input Complete 7
Mixers/Spitters ~ Separators | Heat Exchangers I Colurmns I Reactors Prezzure Changers Manipulatars | Saolids I ‘l PI
Material ‘ 0 ﬁ D @ @
STREAMS Flazh2 Flazh3 Decatter Sep2

|For Help, press F1 [ |C:\A&penTedr\.Fuq:m Plus 20041 | |Hequired Input Incomplete. 2
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COSMOtherm CO — Usage of the Property Package

Il Smulation 1 - Aspen Plus 2004_1 - aspenONE - |O] x|
Fle Edt View Data Tools Run Plot Lbrary Window Help

5. Select backup D[s(E] 2] sl e sl vl m o] =] = @2 s

P Pack o|almlE | s =
ro pe rty aC ag e Il Properties CAPE-OPEN Packages CP-1 - Data Browser O] x|
(UNlQUAC) EZ El=E ] =] <« =12 o] S e
E_" ¥ Setup JPmpertiesl
H-[¥] Components
= .él Properties -~ Parameters
@ Specfications Package name: COSMOTHERM 1-N-BUTANCOLAWATER
] {¥] FProperty Methods :
. @-C] Eesion FrogD: COCO_TEA THERMOPACK 1
-] Molecular Structure Default Azpen property method: | [T
--{g] Parmmeters
] Data - Components
i Analysi -
g Proap{r;I:ts Azpen companent (D CAS number C0 Package name
E-F Advanced M-BiL-1 F1-63-3 -M-BUTANGL
. B3 CAPEOPEN Packages ATER e FATER
@ CP1 1 ¥
E-[¥ Fowshest FEE I
EI (@] Streams
=7 Uilties
H-g] Blocks
H-[] Reactions
H-[¥ Corvergence
H-[] Howsheeting Options
E-[] Model Analysis Tools
H- [ ED Corfigurstion
E-[7 Results Summary efault &zpen property method, Used as a fallback method when the Cape-Open
method does not support a requested property.
InpLt Complete s
Imerssophtters eparators eal Exchangers alumns eactors reszure Lhangers anipulatars olids
L Mixers/Spli 5 i Heat Exch Col R P Ch. M il Solid ‘IP
= - B
e
ol
Material T i v T b
STRE&MS Flash2 Flash3 Decarter Sep Sep2
|For Help, preas F1 | |C:\A5penTed1\ﬁspm Flus 20041 | |Hequired Input Incomplete. 2
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COSMOtherm CO — Usage of the Property Package

[l 5mut_apw - Aspen Plus 2004.1 - aspenONE - [Stream 1 (MATERIAL) Input - Data Browser] _ (O] x|

"1 Hle Edt View Data Toole Bun Plot Lbrary Window Help _Iﬁllﬂ

Specity | jzim| o[ m=le] el id[¢ & [-a| | ol e 0 K e T
Stream o [N SR E -
[ @ nput ~| B [ens -] <;‘=|-l~| g"au v|£| U|@| @] E'
R Jﬁpemllcatlunsl Flazh Options I FEL I [EomEEpenttn I EQ Options I
E--{¥] Componerts
{3 Properies Substeam name: IJ’HIXED LI Herl'errupera“lrel
[ﬁ ¥ Fowsheet - State varables————— [~ Composition
= % m%ean:lls ITemperature j IMCI|E-FIEIC jl _j
: igl IH'"pdh !ED I L ;I Campanent Yalue
o esutts
. b[A]  EO Varables IF'ressure j G e
rﬂiﬁl 3 I_I Il:uar ;I M-BL-1 0.3
H-g 2
-] Uhilities Tatal flonws: IMCI|E "I
= ---%I...-zjl:k;-l | | |'I Ikmnl.-"sec ;I
gy Input _
] Heurves Solvent: I fl Total |-|
@) Dynamic
@  Block Options ‘Letsyuu select the substream name.
4] Results
- e a

HIRBIS?SPTHEIS Separaturs | Heat Exchangers | D:ulumnxi Heau:l:u:ur&l Pressure Changers I Manipulators I SDIldS_I_’_I

- -
b aterial ‘ ﬂ }
bdimer F5plit

STREAMS S5plit
|For Help, press F1 [ [C.. nDocs\Cosmo_Water_Butanol |

|Required Input Incomplete 2
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COSMOtherm CO — Usage of the Property Package

[l 5mu1.apw - Aspen Plus 2004.1 - aspenONE - [Block B1 (Hash3) Input - Data Browser] _ (O] x]

" | Hle Edt Miew Data Toole Bun Plot Lbrmay Window Help

=18] x|

7. Specify | plz@| | =] x| s 56w Wl e S S N B =
Flash o] a|El|E |7 | @) |
I Sl o=l o] i 1] Ol o] wl
- Setup JSpemflcatlunsl ¥.ey Components I Flazh Options | Entrainment | Lty |
E--{¥] Componerts
3] E Properties ~ Flash specifications
e ¥ Flowshest C LI
=l S
% Iglean;s |F'ressure jh bar j
! @ Input
i [ Results
: ~-[A4]  EQ Varables
e
m-Gg 3
H-7g 4
-] Utilties
E-{fg] Blocks
E-gg Bl =
-] Hourves
@) Dynamic
~@  Block Options |Let$_l,u:|u type the outlet temperaturs.
@ Results
0w P

Separatura I Heat Exchangers I Eu:ulumnai Feactors

470

S5 plit

Hmers!ﬁpﬂters
b aterial

STREAMS ‘ b imer FSplit

Preszure Changers I Manipulators I Salids *l"l

P

|For Help, prezs F1

[C:\.. nDocs\Cosmo_Water_Butanol |

| I i
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COSMOtherm CO — Usage of the Property Package

8. Run
Flash
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COSMOtherm CO

0. Results

Liquid-Liquid

:

phase splitting of

1-butanol - water
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COSMOtherm CO — Application Example (1)

Distillative separation of methanol (1) — water (2),

2.0 |

simulation in Aspen Plus*

1.8 |

0.2

- - -X Experiment (NRTL)
x COSMOtherm

- -y Experiment (NRTL)
y COSMOtherm

0.0 L L L L L

0.0 0.1

* Simulation provided by O. Spuhl

0.2

, Universitat Erla

0.3 0.4

ngen, Germany

0.5

X, Y Lowboiler

0.6

0.7

0.8

0.9

1.0
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COSMOtherm CO — Application Example (lI)

Distillative separation of methanol (1) — water (2),  simulation in Aspen Plus*

COSMO
BOTTOM DIST FEED

Temperature C 94.4 65.4 78.2
Pressure bar 1 1 1
Vapor Frac 0 0 0
Mole Flow kmol/hr 700 300 1000
Mass Flow kg/hr 12947.34 9276.004 = 22223.344
Volume Flow cum/hr 14.277 12.378 26.756
Enthalpy MMkcal/hr -46.639 -17.064 -63.862
Mole Flow kmol/hr

WATER 676 24 700

METHANOL 24 276 300
Mole Frac

WATER 0.966 0.08 0.7

METHANOL 0.034 0.92 0.3
*** \/APOR PHASE ***
Fugacity Cf

WATER

METHANOL
** | |IQUID PHASE ***
Fugacity Cf

WATER 0.822 0.4 0.474

METHANOL 5.774 1.038 2.191
Activity Cf

WATER 1.001 1.568 1.08

METHANOL 2.029 1.002 1.321
Vapor Pres bar

WATER 0.826 0.255 0.441

METHANOL 2.946 1.05 1.695
reflux ratio 0.80017366

* Simulation provided by O. Spuhl, Universitdt Erla  ngen, Germany ©2006, COSMOlogic GmbH & Co KG
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COSMOtherm CO — Application Example (llI)

Distillative separation of methanol (1) — water (2),  simulation in Aspen Plus*

* Simulation provided by O. Spuhl, Universitdt Erla  ngen, Germany ©2006, COSMOlogic GmbH & Co KG
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