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Presentations
Group Contribution Methods Jurgen Gmenhling
Data Banks and Application Jurgen Rarey
Pure Component Property Estimation Bruce Moller
lonic Liquids Jurgen Gmenhling

Booth, Poster

Data Bank, Software Presentation DDBST GmbH

Mod. UNIFAC, PSRK, VTPR UNIFAC Consortium
Physical Properties from Experiment  LTP GmbH
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RESEANENThdustrial Chemistry — University of Oldenburg

Prof. Dr. J. Gmehling - Research Projects, Model Development

UNIFAC Consortium TRU — Durban, SA
Mixture Property Estimation Pure Component Property Estimation () O

I CAT - Center for Applied Thermodynamics l

Products DDBST

LTP (Associated Institute)
Data Banks, Software, Consulting Experimental Services, Consulting

Education Graduate Courses Thermodynamics, Training Courses DDB/DDBSP
Text books: Industrial Chemistry, Unit Operations, Thermodynamics,

Sales, Marketing, Custom Tailored Products
DECHEMA FIZ CHEMIE EPCON Int. Mitsubishi Chemical

Frankfurt, Germany Berlin, Germany Houston, Texas Kurashiki, Japan
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Mathematical Models
(mass, energy and impulse balance)
Thermodynamic Models
(behavior of pure components and mixtures)

Model
Parameters

{17

Adpnderstanding::
Training Evaluation Feed-Backl| <] o tlm_lza_mon
Adjustion = Prediction

H al 3 Control

Observations
(exp. data, ...(?))
relevant for segment

Segment of the World
(chemical plant, compartment
of the environment)
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Engineering, economical, business and political
decisions are strongly based on the results of simulation

models.

Results of simulation models are strongly affected by the
different assumptions and model parameters.

Model parameters should be fitted to reliable data
(observations) about simplified systems.

Instead of experimental data, estimation methods or
even predictions from first principles can be considered.
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Abstracts
Beilstein 1881
Gmelin 1887
CAS 1907
Data Tables and Factual Data Banks
TRC 1942
NEL (NPL) 1945 (approx.)
DDB 1973
DETHERM 1978 combined data input by various groups
Pure Component Parameter Data Banks (incl. Source Data)
PPDS 1972
DIPPR 801 1980

Mixture Parameter Data Banks
Process simulators, ...




™% | DDBST

g | Sivonsia,  KNOWLEDGE BRINGS SUCCESS UnIVersItat|oLDENBURG

MATHEMATIK- UND
TECHNOLOGY NATURWISSENSCHAFTEN

II. IMPORTANCE OF PHYSICAL PROPERTIES

It sometimes seems that national security must be threatened to obtain concerted effort
by a democratic nation. It was primarily the progress of science that finally ended the war
with Japan. An almost forgotten element of the development of the atomic bomb relates to
the race between the Allies and Germany to bring it to fruition. There were several ways
to develop such a bomb. The short way required knowledge of a physical property of graphite.
The Germans guessed at the answer, and guessed incorrectly. As a result they were led on
the longer path of development of heavy water in Norway. The Americans knew of the
German guess, but measured the physical property. They found that it was substantially
different from the guess of the Germans, and were able to devise a much faster route to
production of a nuclear weapon.'-” If this scenario had been reversed. the U.S. might have
become a province of the Third Reich!

Today one of the private competitors
* finds a better entrainer for a separation process.
* is able to use lower number of stages or lower reflux ratio due to more precise
phase equilibrium data used for distillation column design.
* uses a specific solvent to improve equilibrium conversion in a chemical reaction

Better industrial performance using less ressources, less damage to the environment
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Started 1973 (University of Dortmund, U. Onken and J. Gmehling)
VLE — UNIFAC group contribution gf-model 35 Years
LLE, hE, y*, azeotropic data, c,E, SLE —  mod. UNIFAC -
VLE of low boiling components, GLE — group contribution EOS (PSRK, VTPR)
VLE, GLE of electrolyte systems, salt solubilities — electrolyte models (LIQUAC, LIFAC)

PURE — estimation methods for pure component properties
(in cooperation with groups in Prague, Tallinn, Berlin and Graz)
(Cordes/Rarey, Nannoolal et al., Moller et al.)

Polymer data (in cooperation with Prof. Wohlfarth, Merseburg)

1989 - DDBST GmbH
further development of the DDB.

19 Years

software package for data handling, retrieval, correlation, estimation, and
visualization as well as process synthesis tools.
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23675 data sets for 20850 data points for pure

28165 (VLE) 26975 (HPV)
non-electrolytes solve
Polymers new

16225 data sets

6870 (ELE) 1110 data sets
(total: 62010 data sets) 23805 data sets for solvent mixtures

for elefitrolytes 2990 dat -

18605 data sets / ata points
- - —

/ 18545 data sets

2870 data sets /

32995 data sets

Ry 2ZEO1r. data

50200 data points

18250 data sets
for non-electrolytes

Pure Component Properties

1670 data sets 3575 data sets 169840 data sets 1355 data sets for electrolytes

* detailed information is available via internet (www.ddbst.de)
** including unpublished VLE data from chemical companies, e.g. from the former German Democratic Republic
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61,000 References
1,800 Journals
28,600 Compounds incl. Salts, Adsorbents and Polymers
21,350 Molecular Structures
47,500 Model Parameters (ParamDB)
104,000 Literature Sources and Documents (LEAR)
2,550 COSMO oc-Profiles

 Worldwide coverage, all languages

 Only experimental data from primary sources
« 100% of all costs covered, no public funding

« Special prices for academia (e.g. British Universities)
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450,000
BPCP OCPE OVE B hE mPOLY
400,000 H~
EADS ®KOW ®BAZD BESLE OSLE
350,000 - OCRI HEGLE EGLE OACM BACT p
o»n 300,000 1@l wELE ©HPV OVLE
g 250,000 — ACT and AZD: 10 data points taken as 1 data set //’//
d
@ 200,000 7
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e 150,000 //
100,000
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0 o
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Year

141 data sets per working day, total costs/year approx. 1.2 Mio. US$
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File Edit 7
x| &= | =) n=le]| 2
<7 Query | &) single sets | = selectivity (ACT) | ? Hew « | ]
add/search
Murnber |Twpe/ |Loc, |Remowve Manme Component
Counkt
[4] C DDE  Remove | [Acetone] = Add Compound List
[174] DDE  Remove | [W'aker] i Clear System
Search

1‘_.-,7-: &5 Subsystem

1}{ System (Exact Match)

1}{ Swstem and Subsystems

List of Components and Component Lists

_ Search Options ? - Sets conkaining only
Active Databanks : compound)s From line
all B
Active Pure Campaonent Properties @ Reference/s Selection
Al B
E
add Component Code/s "Efi Predict

| 174
&dd connected salksicomponents

(type 's', 'a’, 'p' to switch ko saltfadsorbentfpolymer number and b

5, Add | S, Addas Listl

1'*_5: Pure Component Properties

DDB: EADDEMAINSDDEY  Private DDB: CAPROGRA~Z\DDESTG~1\DDBSP2~ 2D DBPRYY Hint:l ok

OLDENBURG
FAKULTAT V
MATHEMATIK- UND
NATURWISSENSCHAFTEN
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Query Result [1] I =] 3
Fil=  Edit
X ¥|e-a-8-=-g 0¥ EE¥-|S-0- -5 @8- 7
ACT | AZD | CPE | GLE | HE | HPY | SLE | WE Tl
Alsets | alPoirts | alRefs [sets  |poirks  |Refs | 1. =VLE= [ Display Empty Sets
111 1733 46 111 1733 46 lﬂ Vapor-liquid equilibria {normal boiling points of all components above 0 °C)
E::: gj:;fﬂzces Set Mo. |50urce |Pts. |Enmp's |#DDB |Tmin 4] |Tma:|-: [K]1 [Pmin [kPa] |Pmax [kPal] |Comment |Ref.Nn. |Reference i 1=
' Binary 15105 0 0 402 —
i Al Components 15108 0 0 4022
-All Sources C4 Acetone
ill Counters et 0l Cl74 Water aHe
15102 0 0 402
15105 0 0 402
Bl=l Sstzis [18066 0 0] DDB 10 2 C4 C174 293 [const.) 3 31 Pxy(T) 1083 [1357] Bader M.%,
#  |System [l042 0 0] DDE 15 2 C4 Cl74 298 [const.) 3 3l Pxv(T) 14z [446] Beare W.G..
All [l047 0 0] DDE 1 z C4 C174 328 371 97 (const.) Txy [F) 54 [335] FBennett G.1
1 C4C174 [l051 0 0] DOB 21 2 04 C174 330 365 101 (const.) Tey [F) 13 [317] Brunjes A.:
[G207 0 0] DODB 17z 4 C174 323 (const.) 12 g2 Px(T) Z207  [2511] Chaudhry !
[9471 0 0] DODB 5 2 C4 C174 329 373 101 (comst.) Txy [F) 650 [954] Choffé B.,
[l056 0 0] DDE g z C4  C174 330 547 101 (const.) Txy [F) 104 [405] Chu J.C., i
[27030 0 0] DODB 14 2 4  C174 329 373 101 (const.) Tey [F) 6048  [63782] Ciprian !
[6442 0 0] DODB 5 2 C4 C174 308 (const.) 23 45 Px(T) 434 [798] D'Awila 5.1
[2993 0 0] DODB 5 2 C4 C174 303 (const.) 23 a7 Px(T) 434 [798] D'Awila 5.1
[3l01 0 0] DDE 27z C4 C174 329 373 101 (const.) Txy [F) 1030 [1334] Eduljee H.
[4300 0 0] DODB 1z 4  C174 329 351 101 (const.) Tx(P) 141z  [1716] Ernst E.C.
[28099 0 0] DODB g 2 C4 C174 330 346 101 (comst.) Tx(P) 3 [307] Griswold 7.
[6646 0 0] DDE 25z C4 C174 473 (const.) 1600 G054 Puy (T) 955 [1259] Griswold .
[Z6G4 0 0] DDE 14z C4 C174 423 (const.) 672 120z Puy (T) 955 [1259] Griswold .
[6645 0 0] DODB 22 2 4 C174 373 (const.) 111 363 Pry (T) 955 [1259] Griswold i
[6647 0 0] DODB 14 2 C4 C174 523 (const.) 4040 6757 Pxy (T) 955 [1259] Griswold .
:")nl:I/'IQ n ni TR 12 il A m17A hedrdn] heSrac] 111 fmmmar N M/ TY Aan r2cesAa1 [ R :‘I’v
Cd Acetone
Cl74 Water
|5 datasetts marked. o




LE /HPY Prediction »

Compaonentz

d: Aoetone ﬁ

174: Tater

Frediction Method Type
[~ UNIOUAL [ MRTL B al i+ |zobaric |1III'I_EEIE|? "I kPa
[T ‘wilson [T Margules  |sothermal Iﬁ K

L M
L|feniCear @ Nore v Calculate all pressures (5 Setz)
[+ UMIFAC [+ mod UMIFAC [Dartmund) _
I mod, UNIFAC (Lyngby) |~ ASOG [T Calculate all paints (5 Setg
[~ PSRE [UMNIFAL) [T F5RE 2 [UNIFAL]
i I VGTFR Recalculate ...
™ COSMO-SAC ™ COSMO-RS(O! & [T Recalculate D ata Paints

fnet For PERKIVTRR

[T Ideal [&ct. coeff. zet to 1] ‘W apar Prezsure E quation '
[ Aspen Project ILINIEILI.-'-‘«I: several comps.bkp = @ Antoine-Low

AntoinesMathiaz-CopemandTww-B.C.C. /..
[T Use Experimental Wapar Pressure

]

¢ DIPPR 101 [from DDE-ParamDE)
¢ DIPPR 101 [from DIPPR < 1392)

tole Fraction Range ! .
= ¥ Create D'ata Point
bir. = b, = Stepwidth seae e
|I:I.I:I | |1.EI | |I:I_|:I1 | B% Special Data Point Creation
x [4] x [174]

Predict [T able Output]

Fredict and Plot

Fredict [Result => Query Rezult]

Predict/Plot with O ptions

SCF Calculation [Separate Form]

£ 20 Predict and Plat

3 Cancel
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xCd): 0,069 mol fmol

YLE They-Chart XICL74): 0,231 mol/mol
376 _Kl: 10.0725
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| |SepFac: 30.7458
------------------ Filoxl: 0.628
VAot _Coeff 1l: &.168Z5
0.98583
101.3 kPa
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DDE-Humber: WLE 15102 [0]

Ref. : [40Z2Z] Al-Sahhaf T.&A., Jabbar N.J., J.Chem.Eng.Data, 38(4), LSZZ-EEZ&, 1993

Component s :

1) C4 Acetone C3IHEO
(2 Cl74 Water HZ0
Constant: P = 101.3 kPa

JACAY: 0,695 mol/mal w[C174): 0,305 mol/mal T: | 345 K =(C4): |0.069 mol/mol =[C174]: |0.931 mol/mol K1: 100725 K2: 03276 SepFac: 30.7458 y1-x1: 0626 4ctCosff1: ﬁ
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Jabbar N_.J.
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[ol

082 083 084 085 086 087 0853 083 09 091

VLE 15104
&0 EFa

P
yC4): [0.931 mal/mal y{C174): [0.069 malfmol T: [316.15 K #[C4): |0.575 mol#mal #[C174) [0.125 mal/mal K1: [1.064 K2 [0552 SepFac: [1.92754 y1-¢1: [0.056 Act Coeff1:

C4 Acetone C3IHEO

Cl74 TWater HZO0

0.51
[4022] Al-3ahhaf T_A.

Bef.:
Comp onent s
Constant:

(1l
=

DDE-Nunher:
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SOFTWARE & SEPARATION OF THE DDB FAKULTAT V
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Model Development Mixture Properties
UNIFAC, mod. UNIFAC, ASOG GC gE-models
PSRK, VTPR GC EOS-models
LIQUAC, LIFAC GC electrolyte model
COSMO-RS(OI) quantum chemical model
GC-COSMO GC generation of o-profiles

Activity of complex molecules in common solvents
Solubility of pharmaceuticals and intermediates

Model Development Pure Component Properties
normal boiling temperature

liguid vapor pressure

critical property data

liguid viscosity

liquid vapor pressure (enhanced)
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TECHNOLOGY NATURWISSENSCHAFTEN

Development of Parameter Data Banks
Pure component correlations based on various equations
EOS oa-function parameters
Recommended gk-model parameters
Temperature dependent EOS parameters

Process Simulator Integration
Verifying model parameters prior to process simulation
Mixture parameter generation for multicomponent mixtures

Process Synthesis
Prediction of azeotropic points in multicomponent mixtures
Residual curve construction and constant property lines
Solvent selection for azeotropic and extractive distillation, extraction,...
Solvent effects on chemical reaction rates and chemical equilibria
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myg/ | i oeion  PARAMETER REGRESSION ARUIRTY
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Dynamic Data Evaluation and Parameter Regression
* Interactive graphical software

* Full documentation of included and discarded data
* Easy upgrade if new data become available

 Easy upgrade by customers using proprietary data

 Comparison to estimation methods

* Multi-property regressions
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temperature vs.
liquid composition

i vapor composition vs.
' liquid composition

‘‘‘‘‘‘‘‘‘

activity coefficients vs. :: separation factor vs.
liquid composition ; _ liguid composition

(08 rotmon

Acetone (1) - Water (2) at 101.3 kPa - data by various authors (DDB)
NRTL using process simulator parameters
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separation factor o4,

O
00

2~j -
4
separation factor vs. liguid composition
\\
- ~—_ UNIQUAC —0l15,7°=1.2
I | —
1 * \ ) \\\ — ) ° L)
ap2=1 NRIL =0y =1 T
o
Wilson — Azeotrope at 94.5 mol%
- 0(120020.7
liquid mole fraction X,.ctone 1.0

0.9
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calc. (NRTL — Aspen 2006.5) experimental*
system typeof | 9/°C| Yiaz | Y2az | typeof | 3/°C | VYiaz | Y2az
azeotrope azeotrope
1-2 |homPmax| 77.5 | 0.550 homPmax | 77.6 0.543
1-3 none none
1-4 | homPmax | 67.7 | 0.554 homPmax | 67.9 0.552
2-3 | homPmax | 53.5 0.233 | homPmax | 53.2 0.248
2-4 | homPmax | 64.9 0.559 | homPmax | 64.8 0.553
3-4 none none
1-2-3 none none
1-2-4 | homPmax | 64.7 | 0.116 | 0.461 | homPmax | 64.9 0.113 | 0.462
1-3-4 none none
2-3-4 none none
1-2-3-4 none n.a.

Benzene (1) - Cyclohexane (2) - Acetone (3) - Ethanol (4) at P = 101.325 kPa

* mean values of the experimental data stored in the Dortmund Data Bank

n.a.: not available
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LINES OF CONSTANT o, ,
' (2) 94.33°C _
oy o= separation factor of 1

0.380
0400 //\\ / up to 22 mol% of NMP

0.450
0.500
0.600
0.700

0.900
0.980

1.000 o, <0.65

) properties along this line
or parallel typically
shown on solvent free

basis
| o, <04
/ ! N LY LY of

)r//\;] Vi Vi

(1) 9342°C (3) 218.02°C

Benzene (1) - Cyclohexane (2) - NMP (3) at 101.3 kPa (UNIFAC)

1.100
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LINES OF CONSTANT o, ,
| (2) 94.33°C

Ly 5=

0.700 UNIQUAC

oo (Parameters
0.980 from process
simulator)

1.000
1.020

1.200
1.300
1.350

(1) 9342°C (3) 218.02°C
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Separation factor o,
In the system
Cyclohexane (1) -
NMP (2) at 101.3 kPa
(UNIQUAC, parameters
from a process
simulator)
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The “Promise” of Process Simulation
- evaluation of process alternatives
- virtual experiments, innovative concepts

The Reality

- used for gradual improvement, optimization

- sustained development, little discontinuous
Innovation

Potential of Thermodynamic Data Banks and Predictive Methods
- Data Mining

- New Solutions to Problems
- Technological “Leaps”

data mining - "the nontrivial extraction of implicit, previously unknown, and potentially
useful information from data"



CARL
VON
OSSIETZKY

universitat

DDBST

‘

ENTRAINER SELECTION

OLDENBURG

DORTMUND DATA BANK
SOFTWARE & SEPARATION
TECHNOLOGY

o~

Input:

- 2 components

- pressure (temperature)

- list with potential solvents

L]

BY DATA OR PARAMETER MINING

R R,

| Recommendation of

| alternative distillation

| processes the case of:
| 1) Zeotropy

Examination of the
binary VLE behavior

| 3) Strong pressure
< dependence of ygz

I
|
I
|
2) Heteroazeotropy :
I
I
| 4) Zeotropy at low |

I

L]

| (high) pressure

Preselection of potential
solvents with the help of
predicted yioo values

e e o —————

A

Prediction of ternary
».| azeotropic data

(o UNIFAC
e mod. UNIFAC

* ASOG
* g—-models
N EOS

(1 + 2 + solvent)

Are
solvents

Output:
List with selective solvents

a) extractive distillation
b) azeotropic distillation
... 2).. 3)..

suitable 2

a

Input:

Components

Pressure (Temperature)
Distillation Process

Y

Examination of the
binary VLE behavior

Y

FAKULTAT V

MATHEMATIK- UND

NATURWISSENSCHAFTEN

Selective_Solvent_Models_DDB.cdr 22.08.2001

| Recommendation of

| alternative distillation

| processes in case of:

| 1. Zeotropy

| 2. Heteroazeotropy

I 3. Strong pressure

| dependence of y,;,
4. Zeotropy at low

| (high) pressure

Search of binary data

(azeotropic data, y*)
for component 1 and 2

Search of ternary
data with
component 1 and 2

e

-

\—//
DDB-MIX
azeotropic data
(45100 values)
yOO

(36700 values)

Output:

List of suitable solvents
including experimental
information

Determination of
(chz)o and Ta; (Paz)
for given P(T)

Selection
criterion
fulfilled 2
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“ ficioloy - USING A THERMODYNAMIC MODEL WATHEMATIK UND

conponents to be separated: (1) ¥

P = 101.325 kPa Tp(l) = (1) VINYL ACETATE (2) METHANOL
azeotropic data for systen : : : :

nodel : modified UNIFAC ( exltrlactlve distillation
list of solvents introducing modified UNIFAC (Dortmund)

_____________________ P = 101.2325 kPa

ner)

I (K]
(1)-(3) (2)-(3) (1)-(2)-(3)
1} none i 1) 12 none 266.85
1} none j 1oy 1] none 179.30
————————————————— 1} none LORE Tone 143,45
_______ 1} none pORE none 263.59
1} none j 1oy 1] none 199.T
0 N 1} none LORE TOTE 11,55
DIBUTYL ETHER 0. ) e goe e mie
} none LORE TOTE 189.15
DECAHE 0 } none LORE none 304,09
' ¥ 291.15%
DODECANE 0 ) none  aome  moms 08,93
* none LORE TOTE 314.05
B”'I'Y II ACETATE 0 ::: none i 1) 1] none 19,02
* } none LORE none 229.35
1_I.]EXADECEN'E 0 } none nORE none 286,35
R J none LORE none 195.15
2-HEPTANONE 0 ) e roae none Tao. 08
. * 217.65
BUTYLBENZENE | 0 ) nome  aose om0
138,15 * none LORE none 181.15
minimum AThp [(entrainer - binary mizture) = 40.00 [K]

minimum G {(l,2 or inverse] at infinite dilution = 1.5
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Factual data and data estimation methods are of
great practical importance

Development and regular update of a large factual
data bank is possible in a free market environment
without public funding

Inadequate physical properties are the major
reason for unrealistic results of process simulation
and customer frustration

Factual data banks and predictive methods
combined with appropriate data mining tools carry
a huge potential for economic and technological
progress
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