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CAPEC, DTU 4~ Jh

B Computer Aided Process Engineering Center
Professor Rafiqul Gani
Professor Sten Bay Jorgensen
Professor Jens Abildskov
Professor Niels Jens

B Research Area

Program A : Physical Properties

Program B : Process Modeling, Simulation and Idetification
Program C : Process Synthesis, Product / Process Design and
Analysis

Program D : Process Control and Operation

Program E : Numerical and Computational Aspects

Program F : Safety and Risk Analysis

CAPEC
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Research Activities

B List of Softwares

|ICAS : Integrated computer aided system

TML : Thermodynamic Model Library

ProPred : Property Prediction

TMS : Thermodynamic Model Selection

PDS : Process Design Studio

PROCAMD : Computer Aided Molecular Design

MoT : Model Testbed

CAPEC

Pollution & Waste | =]

Product

Tools Integration E ]
' | Synthesis/Design/Analysis
Process Models ﬂ

Property/Phenomena
Models | A

B| Product Models

r

Process
Safety & Hazards | |

Control & Operation [},

Process Integration
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>

Numerical Tools

Databases

F |



Collaboration
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B Consortium
FMC, USA
Bayer , Germany
Mitsubishi, Japan
ICI , UK
Syngenta, UK
Novo Nordisk , Denmark
PDC, Germany
Danisco Ingredient , Denmark
and many more... (About 20)

B Academic
Prof. J. P. O'Connel (Univ. of Virginia)



Tools for Thermodynamic Properties o
and Phase Equilibrium "
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"hermodynamic Properties Database
TML (Thermodynamic Model Library)
TMS (Thermodynamic Model Selection)

ProPred 3.5 (Pure component property prediction
[00)

ProCAMD (Computer-Aided Molecular Design
Software)




Activities in CAPE Problems

Choosing among

Feasibility Study

ProcessAlternatives ‘

Thermodynamic ‘
Model Selection

Parameter fitting

Thermodynamic

for the

‘ Design Calculation

Simulation

Optimization

*

*

*

Properties of  Equilibrium

unknown molecules Analysis

1

Model Selection Guide

1

Propred
3.5

I Thermodynamic Model

TMS

Selection

Thermodynamics Model Library

M odel
4 | 4
,, P
Regression Regression Process Properties
Injm Regult Conditions Values

Pure component
properties

Pure properties
Export / Import

v

f

//
\

T

<
<

predeiciton

\ 4

\

//

CAPEC Thermophysical Properties Database
- Pure component properties and parameters

- Mixture properties and parameters
- Experimetal data

‘//
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B Development of 2™ order UNIFAC method
KT-UNIFAC 1% order and 2" order
New parameters Matrix

B Development of KT-UNIFAC Utility Program
B Phase equilibrium for surfactant solution



Development of UNIFAC Method [
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B Uncertainties for prediction using current GC method are
quite high

B Current GC methods are generally unable to distinguish
Isomers and reflect effects of adjacent groups

B Second order UNIFAC can overcome deficiencies of
current GC methods

Iny, =Iny" +Iny +w,,Iny*

First oder contribution Second order contribution



Development of new UNIFAC method S
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B Example of group decomposition of molecules

2-Propanol M-Xylele
CHz 1 CHTTCH, ¢
OH @
/ \ CH,
/ N\
First-order groups Second-order groups First-order groups Second-order groups
1 CHOH
ig:g 4 ACH 1 ARS1S3
2AC-CH3
1 OH




KT-UNIFAC, Mod€!

Description

Combinatorial Term

C_n,C C
In;/l. _Inyl.,FH+In7/l.’SG

Residual Term

Inyl.R =q;(1-InL)

NMG| s, . S, .
|nyl.CFH=1—Jl.+|nJl. -y ﬂ—Gk_lnﬂ
y k nk 1 nk
Z J. J.
Iny S, =—=¢.|1-=L+In=L
Visc 2‘]1( L LJ
Second-Order Term
ry  NSOG NSG NSG ou . T T
nyR2="y x| il g gy fmn_G G omn |y
i ) } RT m'i n m'ni’ p mi ni g
] me ]n;tm n ni

RT
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T dependency issimilar
[ Parameters Available to L I near U NI FAC
[[] Parameters NOT Available

(Hansen et al.)

PYRIDINE
CCN
COOH
ccL
cCL2
CCL3
CCL4
ACCL
CNO2
ACNO2
cs2
CH2SH

T . =exp(— Aumk /T)
Au, =a,  1+a , o(T-T,)

2

T
.II. -II
15,

FURFURA
DOH

I

BR

cic
DMSO
ACRY
clc=c
ACF

DMF

CF2

coo

SiH2

sio

NMP
CCLF
CONCH2
OCCOH
CHzs
Morpholine
Thiophene
CH2(cyc)
ACO
ACCN
ACBr

s02

PO4
o=coc=C 102K
0coo 103

5 e . New groupswereincluded
(Nitriles, epoxy,...)

First order parameters
wer e obtained from 4413
Data Sets

(VLE, HE, yn)

| A




New parameters for 29 order R
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B Second Order Group Parameters were fitted from
842 experimetal data sets (VLE, HE, y)

New Method

UNIFAC Modified UNIFAC

First Order Second Order
Property
AAE ARE (%) AAE ARE (%) AAE ARE (%) AAE ARE (%)
P 3.50 3.47 4.09 3.89 1.95 2.69 1.78 1.99
V1 0.0153 3.64 0.0147 3.60 0.0129 3.04 0.0112 2.79
HE 388.82 192.03 476.62 1167.60 137.94 20.33 115.79 20.20
;/‘”f 89.53 39.41 68.07 58.81 134.96 25.78 124.97 25.11




Pressure (kPa)

|mproved prediction dueto new groups

100

® Experimental Data
~~~~~~~ Original UNIFAC
80 4 — — Modified UNIFAC
— KT-UNIFAC, First Order

T
0.0 0.2 0.4 0.6 0.8 1.0

Mole Fraction

Figure 3. Comparison of experimental and predicted result for VLE
(hexane + methoxy benzene (anisole) at 333.25 K)

50

® Experimental Data
~~~~~~~ Original UNIFAC !
— — Modified UNIFAC 4
[
—— KT-UNIFAC, First Order = /

45 4

Pressure (kPa)

T
100.0 0.2 0.4 0.6 0.8 1

Mole Fraction

Figure 4.Experimental and predicted result for VLE
(1,2-epoxybutane + n-heptane at 313.15 K)




Pressure (kPa)

® Experimental Data
~~~~~~~ Original UNIFAC
— — Modified UNIFAC
— - KT-UNIFAC, First Order
—— KT-UNIFAC, Second Order

200!0

0.2 0.4 0.6 0.8

Mole Fraction

Figure 7. Experimental and predicted result for VLE
(Hepatne + 2-Methyl-Isobutyl-Ketone at 348.15 K)

Pressure (kPa)

® Experimental Data
~~~~~~~ Original UNIFAC
— — Modified UNIFAC
— - KT-UNIFAC, First Order
—— KT-UNIFAC, Second Order

0.2 0.4 0.6 0.8 1.0

Mole Fraction

Figure 8. Experimental and predicted result for VLE
(hepatne + 2-methyl-2-butanol at 328.15 K)



Comparison of calculated result

|mproved prediction dueto second order group

Excess Enthalpy (J/mol)

400
® Experimental Data
~~~~~~~ Original UNIFAC
— — Modified UNIFAC
300 — - KT-UNIFAC, First Order
—— KT-UNIFAC, Second Order
— \'\
— .
200 - e ~.
e . \
[ J
/ o ° e N\
[ J
100 - /./ e \
/// —~— [}
T T\\ \
s T
0 , T T T \
0.0 0.2 0.4 06 08 Lo

Mole Fraction

Figure 10. Experimental and predicted result for HE
(benzene + 1,2,3,4-tetrahydronaphthalene at 298.15 K)

Excess Enthalpy (J/mol)

1600
°
1400 ° b
b T o
1200 d '/ :
[ ] /
1000 - o ——
° / — ~ ~
/ e AN
800 - . //
° // .................
600 - //
400 A S ® Experimental Data
o A Original UNIFAC
) — — Modified UNIFAC
04 /- — .- KT-UNIFAC, First Order
—— KT-UNIFAC, Second Order
O T T T T
0.0 0.2 0.4 0.6 0.8

Mole Fraction

1.0

Figure 11. Experimental and predicted result for Excess Enthalpy
(benzene + isopropanol at 308.15 K)
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B Database Management Tools
UNIFAC Groups and Group Assignment Tables
UNIFAC Interaction Parameters

VLE Experimental Data
(CAPEC DB and User Database)

B Parameter Regression and Analysis Tool



UNIFAC Group Data

anagement Tools

. Editing UNIFAC Subgroup Information o il
< Basic Information >
15 - ACH..... =
Sub Cicuo 1D o e ) I w. Editing Component Group Assignment Information -10] x|
Description IAmmallc -CH-
Example  [Benzene: (6] ACH [ Component Description |
Main Group I3 |ACH . LI Edit Main Grot 1D 235 C3H
Original UNIFAC | ACH | Jorge's Method |ACH  Ej Benzene: (B) ACH Name IH'PHDWLBENZENE 7

Show Components which has this subgroups...

Formula Icgm 2

< Formula and Paramters > Stucture ICH 3CH2CH2(CEHS)
Formula |CH Molecular Weight W CAS |0001g3.55.1
RiValue  [0.5313 Qivale  [0:4000
< Bondi Group Assignment > < Number of Atoms > [ Group Assignment |
Bondi Group 1 IACH [aromatic] :] C |1— | [U_ Group 1 |1 ICH3 ..... LI |1
Bondi Group 2 INunE :_I H i Br lﬂ_ Group 2 l2 II:HZ ..... ‘:_I |1
Bondi Group 3 |Nnna _:I o |0 F ,U_ Group 3 |«|5 [ACH. LI IS
Bondi Group 4 |Nane _:J N lD— Si [U_ Grow 4 l19 [ACCHZ ﬂ |1
Bondi Group 5 |Nane l] Cl lﬂ— P IU_
Bondi Group B |Mane =] s |0 TR 'D [ 3 IG
CheckMw. | [EEESI Check MW, _| EEE Group 6 o [ =l o
— 7 I i Group 7 ID [ H I0
< Qi Ri from Bondi Group Table > [ ———
Check RiGi RiValue 05313 <« | Group 8 [D [ EI IG
Givabe  [ADOETT Save Rscold [ : [ Input Comparison | =
MW fom 1200838 W Check | = -

M.\W. from Group ’12‘11@ Save | Exit ‘




&, YLE Regression Result Plot
BINARY VLE OF n"HEXANE + ETHANOL

Pressure (kPa)

56

48

40

32

24

16

4
Compostion

P-x-y Plot

Before Fit

After Fit

=l

Percent DP(%) = [r.a

A,

Absolute DP (kPa) = INA.

IN.A.

x|

w, YLE Regression Result Plot
BINARY VLE OF ISOPROPANOL + n-NONANE

P Residual (kPa)
15
]
3
r/'t/fl""_"" e
-3 r"
£ ]
L ]
g ° o
o
L ]
L
-15
0 2 4 B
Compostion
hd
Before Fit Alter Fit
Percent DP(%) = [3.367200 [1.980300 Exit

Absolute DP (kPa) = [1.015300 [0.607260
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Software Demo...
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B CAPEC Tools
B UNIFAC Utility



B LS =3
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Standardization Efforts L
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PDXI (Properties Data eXchange) by AIChE
Move on to CAPE-OPEN

CAPE-OPEN (European Committee)
Too abstract
COM Model

Self-ML (CODATA Group, Kehiaian)
Project ended (funding too !)

CML (Chemical Mark-up language) — Chemical Structure
matML (Material Mark-up language, NIST)
ThermoML (TRC, NIST)

Collaboration with J. Chem. Eng. Data



B Minimum specification
small set of rules (easily understood)

B Formats and actual data are integrated

B Don't haveto worry about data structure

B Extensible

B Easly portableto RDBMS structure
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B M. Frenkel eta., J Chem. Eng. Data, 48, 2 (2003)

B Specification
Experimentally measurable physical properties and transport
properties data (120 properties)
Mixture phase equilibrium and reaction data

B Cooperative data processing between J. Chem. Eng. Data
and TRC



soft Internet Explorer
MUE) EIE =W SHNB EUD ESTH
52 - = - DO 4 Qe @A Fooo 3 B-S=EFH

4D |§] http://trc. nist, gov/ ThermoML. xsd

=] PO

SO COMPIER Type
</xsd:element>
- «<xsd:element name="TransportProp">
- <xsd:complexType>
- <xsd:sequence:
- «xsd:element name="ePropName">
isimpleType>
estriction base="xsd:string">
<xsd:enumeration value="Viscosity, Pa¥s" />
<xsd:enumeration value="Kinematic viscosity, m2/s" />
<usdienumeration value="Fluidity, 1/Pa/s" />
<wsd:enumeration value="Thermal conductivity, W/m/K" />
«<xed:enumeration value="Thermal diffusivity, m2/s" />
<xsd:enumeration value="Binary diffusion coefficient, 1e-9 m2/s" />
<xsdienumeration value="Self diffusion coefficient, 1e-9 m2/s" />
<xsdienumeration value="Tracer diffusion coefficient, 1e-9 m2/s" />
</wsd:restriction>
</xsd:simpleType>
</vsd: element>
- <xsd:element name="eMethodName" minOcct
- <xsd:simpleType>
- <xsd:restriction base="xsd:string">

<xsd:enumeration value="Capillary tube (Ostwald; Ubellohde) method" />

<xsdienumeration value="Cone and plate viscometry" />
<xsd:enumeration value="Concentric cylinders viscometry" />
<xsdienumeration value="Falling or rolling sphere viscometry" />
<xsdienumeration value="Oscillating disk viscometry" />
<wsd:enumeration value="V¥ibrating wire viscometry" />
<xsdienumeration value="Parallel plate method" />
<xsd:enumeration value="Coaxial cylinder method" />
<xsdienumeration value="Hot wire method" />
<xsdienumeration value="Optical interferometry" />
<xsd:enumeration value="Dispersion" />
<xsdienumeration value="Diaphragm cell" />
<xsd:enumeration value="Open capillary" />
«<xsd:enumeration value="Closed capillary” />
<xsdienumeration value="Taylor dispersion method" />
<xsd:enumeration value="NMR spin-echo technique" />
<wsd:enumeration value="Other" />
</xsd:restriction>
</xsd:simpleType>
</%sd:element>
<xsd:elerment name="sMethodName" type="xsd:string" minOccurs="0" />
</wsd:sequences
</xsd: complexType>
<fusd:element>
- «<xsd:element name="RefractionSurfaceTensionSoundSpeed">
- <xsd:complexType>
- <xsd:sequence>
- <xsd:element name="ePropName">

cried il a T

© 2IES

NS




|nformation flow architecture

r Au

The Journal of Chemical <
and Engineering Data

Article

Communication after o &
. =
peer review \
EE SJEEE
Article Authors
Problems with
Data Capture ‘t Batch Files are
A communicated

File
Tracking

Completed Batch Files
sent by E-mail

TRC Data Entry Facility

>

/ Batch Files ]
/ are reviewed v

L 2 / Accepted
/ Batch Files are

converted to ThermoML
TRC format

Data files in ThermoML
format are posted on the
Web

TRC Web
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m KISTI
Accepted ThemoML as anew standard
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KDB work in progress... K
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B DB Format conversion (Incorporating ThermoML)

B Thermodynamic calculation methods
EOS : SRK/PR/NLF-HB
Activity : NRTL, UNIQUAC, UNIFAC
B Calculations
VLE/SLE/LLE/SVE
B Regressions
Pure component properties
VLE regression
Group Contribution regression

B Planning to finish before the end of November ...



KDB-Thermo LAB

KDB

DDB

*

B Thermo LAB

ﬁ

DB Utility

Pure Properties

Data M anagement
Tools

Mixture Properties

Properties
Calculation

Phase Equilibrium
Calculation

Data I nterface

Properties
Regression

Phase Equilibrium
Regression

Group Contribution
Methods

Group Contribution
Methods

ThermoML




