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Agenda

Intro to Hafnium Labs and Q-props

Examples:
* High-fidelity dynamic simulation of CO, + impurities

* Reactive electrolyte systems with amines + CO,/H,S

* Beyond state-of-art thermodynamics — polar PC-SAFT for Benzene-Cyclohexane



What we do

Hafnium Labs solves one of the hardest challenges in chemical R&D:
Obtaining reliable physical property data fast

Our Q-props software sets a gold standard for property modeling to help digitalize R&D and enable:

BETTER AND FASTER BROADER
SAFER DESIGN DEVELOPMENT EXPLORATION




Our mission Background and approach

Founded in 2016
* Industry need: Digitalization of chemistry requires reliable
physical properties — often as critical input to modeling tools
e Customer industries: Energy, chemicals, consumer goods,
pharma, mining, and engineering
e Qur approach: First tool to take a universal and continuously
improving approach, providing a one-stop solution

Establish a gold standard

for obtaining
physical properties of
molecules and mixtures Working on a universal solution, we put more resource into physical

properties than any individual projects (or most companies) can
justify, with >€3M already invested in R&D

We work closely with customers to define good proof-of-concept
projects, after which broader deployment can be planned




Reliable digital designs require reliable physical properties

Example: Influence of physical properties on process simulation results

3 different simulators give

A simple problem? vastly different separations
Styrene is separated from — Bottom styrene concentration:
ethylbenzene by distillation: « Simulator 1: 90%

P e Simulator 2: 81%
= CH; = = CH,
U g]/ T e Simulator 3: 71%

Ethylbenzene Styrene

T. . =136°C T, .,=145°C .
boil boil Same mathematical models but each

simulator uses different physical

%: property data

- Wrong physical properties can
ruin a digital design

Example from R. Dohrn, O. Pfohl, Fluid Phase Equilibria, 2002, 194-197, 15-29

The problems go way beyond
simple examples

Little/no data for green chemicals

Adding new compounds and data is
time-consuming and error-prone

Lack reliable uncertainties to
rationalize design factors

Solids, electrolytes and reactions are
often neglected — but cause costly
failures, e.g. corrosion



Q-props: One-stop solution for all physical property needs

Product Service

* Predict pure and pseudo-pure compound properties / /
* |ldentify compounds or mixtures with specific set of properties / /
* Get reliable physical property package for any system ‘/

* Integrate in process simulator

e Test, tune, and validate thermodynamic models ‘/ ‘/
* Check reliability of all streams of a flowsheet

e Combine any offering with unit operation modeling ‘/

* Analyze effect of uncertainties and integrate in process simulator




Q-props integrates with process simulation tools end-to-end

5. Run
simulations

Import from
process simulation:

1. Compounds
2. Conditions

3. Simulator
physical property
predictions

(for comparison
inside Q-props)

Input loaded into
Q-props

- Q-props runs
steps 1-4
automatically

1. Get all data 2. Create project DBs of best possible 3. Identify best model and 4. Export
in one place property data with uncertainties understand its uncertainties or improve
Validate
Measured measured data & Export property
properties add uncertainties Parameterize packages covering
thermodynamic uncertainty range
models against
reference data
All ti
Calculated proper -
roperties All data for project w/
prop uncertainties
Benchmark and Understand ‘
select best impact of Guidance on ways to !
models for uncertainties reduce uncertainty
Chemical Predict project and key * Data to collect
descriptors missing data drivers ¢ QC and MD calcs
w/ uncertainties torun

Best property model for mixture and
impact of uncertainties

‘Infinite’ database of reliable reference properties
(pure compound and binary/ternary mixture data)

Q-props

Run scenarios

Exported packages
can be loaded into
process simulator to
assess impact of
physical property
uncertainties on
process simulation
results

Replace property
engine

Packages from
Q-props can be
used for single
streams or entire

~ flowsheet



Q-props is built for extensions and integrations

Q-props base interfaces Custom models and tools Tool integrations Q-props API
Set up systems, validate Additional Q-props interfaces Process simulators, in-house Call Q-props engine from
properties and models and to serve specific use cases physical property systems, 3™ anywhere
export packages and distribute web apps party tools (e.g. Excel) etc.

Q-props engine

()

In-house data

Additional models

Improve Q-props with own Q— p o pS Include in-house and academic
experimental data models in Q-props and explore
— in full confidentiality performance



Embedding Q-props through CAPE-OPEN




We have built core Q-props components using the Julia

programming language

Julia is core to Q-props modeling engine

1. All data 2. Best possible data 3. Best
in one place with uncertainties model

o — ——— —— - P s

{ / Validate Export propertv \
Measured measured data packages with
I id |
| properties | ' + uncertainties | ' edge scenarios \
I I I I I given uncertainties |
|
1 1 1 * All necessary | I |
rtie
| Calculated 1 | Proprietary proper ILS 1 1
ti algorithms * + uncertainties '
I properties I | gorithms * Across pro(@sil [ [
1 All conditions 1 Benct K all 1
| | data | a) ?HIL ;'TW"T<T; Suggestions for |
1 | models oraa.m improvement:

1 Chemical I 1 Predict 1 stream condition * Data to collect |
1 structures I missing data I b)Select/compose * QCand MD [

+ uncertainties I [ best model calcs to run I
I /! I
1 ‘Infipi\e’ database of reliable reference properties ! Best possible thermodynamic models ]

i /
\ N (pure component and binary) 7 \ for simulation V4
R - D -
rd sQL, C Juli

3" party, , C++ ulia

open source

Other languages
* C#/.NET Core for ETL workflows
* Python for automation and Jupyter notebooks
* HTML/Javascript for frontends (Jupyter)

Julia goodies for developers

Julia can be used for both prototypes and production
- Viable alternative to FORTRAN and C++ but also
Python and MATLAB

Built-in package-manager for dependency management in
large projects

* Eases maintenance and extensibility

* Internal package repository

Julia is stable (currently at version 1.8)
* More than 8000 packages available on Github

Nice features for thermodynamics modeling
* Support for unicode names enables standard symbols
in applied thermodynamics, e.g. B,y, w, o, ¢, I
* Excellent support for unit of measurement,
automatic/algorithmic differentiation etc.
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Integrating Julia with CAPE-OPEN or Native HYSYS Thermo

We used COBIA v/1.0 to implement unit operation and property package wrappers (v 1.1/1.2)
* COBIA acts as a wrapper for COM (COMBIA).
 Julia C APl must be called from a single thread
e C++ acts as wrapper for synchronizing calls to Julia via std::future
 Julia 1.9 will allow full multi-threading support

Process simulator

Thread 1 < Property
package -
Thread 2 . COBIA / juliaCrs

wrapper

HYSYS

Thread N < extension

Things to watch out for:
* Julia uses UTF-8 but CAPE-OPEN uses wide strings (16-bit)
* Use e.g. std::wstring_convert<std::codecvt_utf8 utfl6<charl6 t>>
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Examples: Simulation of pure fluids w/ impurities




New processes are pushing existing tools to the limit:
Accurate properties for Brayton cycle w/ supercritical CO2

Many potential applications

* Concentrating solar power (CSP)
* Waste heat recovery

* Geothermal

* (CO2 Sequestration

Brayton cycle w/ sCO,

* Single-phase fluid (> 31 °C)

* Temperatures up to 1000 °C
and pressures up to 35MPa

* Advanced configurations may
lead to smaller turbomachinery
than steam (up to 20x smaller)

Challenges existing tools

Cubic EoS or MBWR cannot consistently represent properties over such wide
temperature/pressure ranges

Span-Wagner EoS (REFPROP) is suitable, but about an order of magnitude slower
than cubic EoS

Instabilities in flash are observed with existing commercial tools leading sometimes
to slowdown

A Q-props Model was set up

Validation of Q-props for properties of pure CO, against experimental data
Extension to mixtures through SPUNG principle
(Demo)
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Validation examples for CO2

Property predicted vs experimental

iglect a property beiow

rroperty-(f DO LHearite

vapor_pressure - (Carbon Dioxide’,)

[] Show discarded datasets
L]
§ & ynpor_pressure, {'Carbon Dioxide’, ) [spumg]
f' = = vapor_pressne, {*Carbon Dioxsde'.) rREE.-J q]cz]
; -
L 1
= -
- - -
I e’
3 -
¥ -
= I
= ’I: . o
- J.'.
&
-3 r;
-
4 3 [ ¥ 4 2 i ¥
M

Experimental value
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Validation examples for CO2

Property predicted vs experimental

felect & property below

Proparty (Carboo Dioade)

vapor_pressure - {'Carbon Dioxide' ), thermal_conductivity - ('Carbon Dioxide') -

O heal_capacity_constant_volume - ('Carbon Dioxide')

thermnal_conductivity - (' Carbon Dioxide’,)
vapor_pressure - ('Carbon Dioxide’)
O virial_coefficient_second - ('Carbon Dioxide')
O] virial_coefficient_third - (Carbon Dioxide’))
L] viscosity - (' Garbon Dioxide')
: . ) =
.:z I
.01
100y

0.0oh I 1000 1M

Experunental value
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Validation examples for CO2

Property predicted vs experimental

select a property below

B 3 s T

vapor_pressure - ('Carbon Dioxide',), thermal_conductivity - ('Carbon Dioxide',)

[ show discarded datasets

® yapor pressure, (Carbon Dhcxide', ) [spung]
IM / = = wapor_pressure. (Carbon Dioouds’,) [Reference]
thermal_eonductivaty, (‘Carbon Diosude’,) [spung]
w = = thermal_conductivity, ('Carben Dioxide', ) [Reference]
= 10k
=
-
=
o 100
£
I
]
0,01
01 1 106 10k 1M

Experimental value
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Validating and demonstrating Q-props property package

Critical region essential for
compressor performance

1) Conceptual flowsheet steady-state flowsheet 2) Get all conditions from the flowsheet

genemlu-r turbine p— -
starter iq . q mrn pressor COMpressor
mobor
spoed ‘
réeduction
gear TN (] _"I LE] lﬂ

_u_n _-|

e wi XS 78
: Bars
SE L e ‘}cmlcr
J low
temperature
recuperator
' ;
- - -
@ 2000
® @
- - ' e

|||||||

Pressure
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Making Q-props a viable alternative to built-in Span-Wagner

RTF: Real time factor — simulated minutes/minutes

Improving speed of dynamic simulation After improving Q-props speed
Initial testing revealed that :
« Q-props PR @ 45x slower than native PR RTF / Scenario m Load change

* Q-props Span-Wagner @ 250x slower

—> Infeasible to perform dynamic simulation Built-in Span-Wagner  ~0.1 ~0.1

Where was the bottleneck? ExtnPropertyPackage ~0.25*  ~0.8*

- ~ * ~ %
T = Tsim t Tinterface T Tc++/jutia T Tmodel CAPE-OPEN 0.20 0.4

Fixes:
*  Tct++/julia iMproved by 10-100x *) Increased robustness allows increasing the time

Tmodel improved by ~10x step, leading to higher simulation real-time factors
* CAPE-OPEN allows using our internal flash algos
* ExtnPropertyPackage uses simulator flash algos CAPE-OPEN was about 20-50% slower than native, but
Q-props now performed on-par with built-in Span- we expect it to perform better for mixtures

Wagner when testing for a simple pair of streams
18



p (mol/m3)

Effect of impurities on properties of CO,-streams

CO2 Isotherm at T=310.0 K with 1% of impurities

16k

— 02 pure
ol % —— €02 with impurities [0.005. 0.005]

12k
jEEtlild CO2 pure
10k /

CO2 with imp.__.
8k
6k
4k
2k
2M s ! oM

P (bar)
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Examples: Simulation of electrolyte systems




Status of ongoing work to make Q-props a leading modeling
tool for amine-based acid gas treatment and carbon capture

1. Q-props electrolyte thermodynamic models and

2. Implementing published amine models and
general high-performance reactive flash algorithms

establishing a model performance baseline

Several relevant i already it
in Q-props
irt flash algorithms to handle
v ions (reactive VLLSE)
Mode
ning or new es: Robust binary global phase
seenvel i

4. Short-term development targets

—— _ Improving model performance

_— o » Targeted parameter estimation for improving models
Improved standard states with HKF

Electrolyte equations of state (e.g. e-CPA)

Extension of flash to liquid-liquid equilibrium with two
electrolyte phases

Property prediction for novel amines and additives

21



Implementing a baseline for published amine models

Commercial baseline:
Amsim / DBR Amine

Kent-Eisenberg Model
Li-Mather Electrolyte Model
Physical Solvent Model

Blends of: MEA,DEA TEA,MDEA,DIGA, DIPA

Specific systems:
* MDEA-PZ
* AMP
* MEA-AMP
* DEA-AMP
* MDEA-TMS
* DIPA-TMS
* MDEA-PZ-TMS
¢ CO,, H,S, Mercaptans, paraffins,
olefins, SO,, NH,;, BTEX

Q-props Extended UNIQUAC
systems

NH3-CO2 by Que & Chen (2011)
MDEA-CO2-H2S by Zhang & Chen (2011)
MEA-CO2 by Zhang et al. (2011)
PZ-K2C03-CO2 by Cullinane & Rochelle (2005)
MDEA-PZ-CO2 by Bishnoi & Rochelle (2002)
DIPA-TMS-H2S-CO2 by Zong & Chen (2011)
MDEA-TMS-H2S-CO2 by Zong & Chen (2011)
MDEA-PZ-TMS-CO2 by Dash et al. (2016)
AMP-PZ-CO2-H20 Hartono et al. (2021)

In several cases, both e-NRTL and Extended
UNIQUAC parameters exist, which allows
comparison. However, since fitting is a
complex procedure, a model is rarely
significantly better than the other, but the
specific set of parameters might be

Q-props Electrolyte NRTL systems

CO2-NH3 by Darde et al. (2012)
CO2-H2S-MEA-MDEA by Negar et al. (2015)
CO2-MEA / CO2-AMP / CO2-PZ by Svendsen
etal. (2011,2013)

CO2-DEEA-MAPA by Arshad et al. (2016)
CO2-1DMA2P/3DMA1P/DEAB by Lee et al.
(2018)

CO2-amino acid salts by Olabi et al. (2018)
CO2-PZ-K2C0O3 by Zhang et al. (2022)

Models implemented and ready for use
Models to be implemented

Fast to implement and validate new models and systems in Q-props
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Model

Excerpt from validation Notebooks

performance

Q-props is integrated with CO2-MDEA-PZ loading curve

Jupyter Lab, which allows for

detailed analysis and interactive - -
plotting using Python libraries in ’ -

1ot

Jupyter Notebooks

330

Validation Notebook examples: =&

MDEA-CO,-H,S Electrolyte NRTL
MDEA-CO,-H,S Extended

325

CO2 partial pressure (kPa)

UNIQUAC |
MDEA-PZ-TMS-CO, Electrolyte °
NRTL
107 315
9 10_1 2 3 4 5 6 7 8 9 1

CO2 loading (mol/mol amines)
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https://drive.google.com/file/d/1w2DgcgEmRL2TMFeBXpROLEhAkCujz4V-/view?usp=sharing
https://drive.google.com/file/d/1vj02XoieKXTLgJpmJzdMb0iTzCRUVZ81/view?usp=sharing
https://drive.google.com/file/d/1w278oZww_qz630PAkqydTTqCcu-py3jr/view?usp=sharing

Additional excerpts from Jupyter Notebooks

Enthalpy of adsorption 30 wt% MDEA H2S-MDEA loading curve

— 3R 2D K r— QT T K —000 K

e I G L e FEF L — YT DK
T(K) 5 T (K)
370 102
s 400
,g 360 %‘ 2
g ¥al 10 380
g 350 g 5
o 0 2 360
g o i
S 340 o
2 240
330 2
101 320
5
5 10—3 2 5 10—2 2 5 10—1 2 5 1 2 2 5 10—3 2 5 10—2 2 5 10—1 2 5 1

C0O2 (mol/mol amine) H2S (mol/mol amine)
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Speciation validation

Fraction of Total PZ

Speciation in 1.8 molal PZ at 60°C with CO2
(Q-props prediction against original paper)

0.0

0.4 0.6
Loading (mol CO,/mol PZ)

1.0

Mole fraction

MDEA-CO2 speciation

293.15 K, 23.0% w/w MDEA

& MDEAH+

| HCO3-

* CO3--
= MDEAH+
- = HCO3-

0.04

0.03

0.02

0.01

0.2 0.4 0.6 0.8 4

CO2 loading
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Examples of simulation with Q-props MDEA packages
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Examples of simulation with Q-props MDEA packages

| B v Bt wet Fownert Mot Vine Asdim Window  Heip -fx
Dady @ &P, setaun =
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Thmic sbunis sl (o0 . saaz r
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Ghow | CAPE-OPEN 11 » A
|k g ThesiSap Progedy Fackage Manags L
-
e
Piewin
L

15 (DDA, (el T e
*
| B DTS Progessy Fachage Hanage [TAPE OPER
| TEA CaPE OPEN 1.1)
: w Wi
| & PP

st | T

3
5
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Examples of simulation with Q-props MDEA packages

-=x
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: e Packages - :
gmmtﬁl . I N
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Examples of simulation with Q-props MDEA packages

8 cont - rowmenia il
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Examples of simulation with Q-props MDEA packages
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Examples of simulation with Q-props MDEA packages

o
" COFE - [Piowsbent!: 1]

[ Foveresty
| Flemarwr|
3

Seidnga

31



Examples of simulation with Q-props MDEA packages

|

B oot

B et
[

. e bt

B unas

:r[u.l.n.u unfl apersiion JUnn Dy eatise_| D [[IRA] (:':I

Julia-script uses Q-props thermos internally, optionally circumveinting PME-PMC calls
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Examples of simulation with Q-props MDEA packages

o

To o r—r 2 - o

B oFe g et Pt P _ax

usga LY 5 @ Q-props MDEA property package
Alodels J——
= Vapor: SRE 1 l

Liguid: Exnended UNIQUAC

e

| P qu‘nﬁ
L Vapor H:D, COu HiS MDEA CH., CoHe, CiHa,
fattroy Ligmd- H:0, CO: H:5 MDEA CH., C:Ha C:Hs

Reactions:

HO = H - 0H"

L= HiD 2 HODw = H-

HCOy = H* = COv™

HS-~HOsHS -H

MDEA -+ H" = MDEAH"

Validated conditions

Temyperanores from -1 20eC

Pressuses froem 0-100 bar

Up o &lwr®s MDEA

C.Ha
CHuw, H*, OH", HCOy", O0v=, HS", MDEAR"

LM

'ﬁ-'f:}uu_n-nl: '.Iﬂ:ﬂn_:;\‘l'dl " i
(§tng unit operstion Qunaperaban. 1 [ ST

b' I k| [ 3 OBy g

0
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Examples of simulation with Q-props MDEA packages
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Examples of simulation with Q-props MDEA packages
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Examples of simulation with Q-props MDEA packages

Gl . ) B Cprop: = = L X ﬁ
B e Bt e Pownes e -1 - A%
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"_F-ﬂn' shewtt 1 Compound Feed Ligquid Vapor
Flovanhest
1 molimod mokmol mol/mok
Sty
HD 04 0635195 0 0280675
MDEA 01 QO8I 383768
COx 005 135842128 1112425
H* 00 540814e.10 00
OH 00 1 R0Ee. 13 0n
MOEAH" oo 0 176804 00
| GOy~ 00 78455185 0o
Q Lo
HCO 00 O 0e3E0sE oo
] 005 BIGEZAe-5 00142
HS" 00 00827400 5]
CH. 01 1.0544eT 0230205
Gt 01 12387 0230205
Cath 01 21360428 0238205
-
CiHm 01 Jl4656Te8 O 230205 »
Todml 10 0531854  0.418051
JEosuminape [SES .
uni hP UL

0

{4 S i e
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Examples: Development of new property models




Case study: Implementation of Polar PC-SAFT

Motivation

* New chemistries puts new
demands on predictive
capabilities of thermodynamic
models

* Adding new physical terms can
reduce need for data to fit kijs

*  We need to be able to quickly
implement and evaluate models
as they appear in literature

*  One example of such new
model is the Polar PC-SAFT,
which we’ll demonstrate next

Model

Marshall and Bokis, Fluid Phase
Equilibria, 489 (2019) 83-89

Model implemented in a Jupyter
Notebook and included in a
property package (demo)

Adds a new pure compound
parameter (polarizability)

Model validation
* Cyclohexane-benzene

Export

Exports to a Q-props Model JSON
that contains definitions of

*  Compounds

*  Models in each phase

* Parameters in each phase

* Experimental data (optional)
* Fit strategy (optional)

Gets loaded by the process
simulator, which can now use it
internally
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Case study: Implementation of Polar PC-SAFT

Implementation of polar PC-SAFT 1

We found the nice results from Marshall and Bokis, Fluid Phase Equilibria, 489 (2019) 83-89 and want to

reproduce them
Starting point is an implementation of the original PC-SAFT.

We need to implement the polar term. The paper defines the Helmholtz energy as:

B A
- NkBT

a = Apc + Aar + Agp

__ @
p_1—ag/02

g
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Case study: Implementation of Polar PC-SAFT

——
wsing QS4FT

esing 03inary

msing g8ase

using Statefunctions

esing (FhaseEquilibriaCore

const Tesperature = QSAFT. Fomperature;

const Volure = ORAFT.Volums:

canst Casposition = QSAFT.Composition:

canst AVDGADAD CORSTANT - QS&FT.AVDGADRO COMETANT |
const EAS CONSZTANT = {AFT_ GRS COMSTANT

H. 314450 BELE08ETT

zed the integrats ars ke from the oniging Rushbrocks [1973) paper and defined a2z

Boual DSAET 1.0p" ={1-d.3610p" -0 samsp” =240 1@rEp" =3}/ (1-0_5736p" 1725

I; (genoric functicn with I methad}

Boval QEAFT 1,{p" )={1-@.62372p" -B.116880" 2]/ (1-8.55854p" 2. 200550 12

Ly (generic function with 1 sethad)
Forz mixture we assume that the integral iz independent of compounds at the same reduced dansity, hence
Eual QSAFT Tooglpoay ity belalp (P, oy 852))

Iii (gomeric function with I mcthad)

Brval QEAFT T, qloixmg,di 2 datalp” (pixs ome,da ) 3
Liiy (gonaric function with I methed)
The average cubad dizmeter iz computed as

Erual OSAFT A% xa, my, dy? ) ssumixns *mny . *da ¥

d? [geacric function with 1 wcthad)
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Case study: Implementation of Polar PC-SAFT

di is related 1o the hard sphere diameter o and ensrgy parameter & Lsing
Poval QEAFT d, 4012 Tenporaturs, Dygy Ei4d = Oag."(1.8 . BoLI*ewp. (-3%c, 5/ T+le-B0) 03
d (goneric function with 1 method)

MNaxt we need 1o define the & function:

ay = -_Tih:_'lrﬁﬁfjgmx “’;;”u
I7's glmost done 35 in the paoen
Boval OSAFT: aq{xs .My 0 ds ¥ ody 4 ? o Bl 2my ot o Bt E Ty O gl 5 00y 80 o 42 ) * Ty g0 X g o 2N
@y (goneric fonction with 1 method)

poval QEEET T Fwonapatleyls g mymy A M emmi (0L, 3.0 [T a3 ) o (11 *mu [ ] /da ¥ [, 7] 1toratars . product {cachindex{x, ), "eachindex(m: )] j 5
Eolgxuk @umdiy ? (goneric functicn with I mcthad)

fwaxt we define the 2. funcition.

5t ety Dy O T

S TR RRL

Thiz iz afso defined almost as in the papear

Boval QSAFT ay{xy.my o dyg.dy 0 f)<5an 2 12 e 2 o3 T Ty g at iy s W 3~ Sby Al S 0o0g poy iy ) ¥ T ud oy g o dy )

8, (genmeric function with I methad)

Bovnl OSAFT ToF Foxin mam 0y eoed; g Aoy Al oy o dig]=stum{ (i, Fok} D=rnafa]®nef ] o [ k] o [2] " e [ 31 "o [k 3 (e s (1,31 %de s [1,5]%ds 3 [ 1.k ]}, Iterators. prodoct (cachindexix ). cachindex(x; ). cachindox(x, }

Lol (B MOyl iBads; i By L (generic. function with 1 method)
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Case study: Implementation of Polar PC-SAFT

Critical Locus, VLLE-line, and Azeotrope lines Cyclohexane-Benzene

60 ===== Cyclohexane saturation line
""" Benzene saturation line
= Cyclohexane critical line
E il High pressure critical line
& — = VLLE line
20 — Azeotrope line I
® Experimental: 0.48
0
100 200 300 400 500 600
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Case study: Implementation of Polar PC-SAFT
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Case study: Implementation of Polar PC-SAFT

{
"mixture™: {
“"phases": {
"vapok“: 1
"model”: "polar_pc_saft”,
"compounds": [196, 1361],
“reactions™: [],
"parameters”: {
"molecular_weight™: [84.16, 78.11],
"critical temperature™: [554.8, 562.8],
"critical pressure”:[4878e3, 4898e3],
"acentric_factor”: [09.212, 8.212],
"pcsaft_segment number™: [2.5383, 2.38%],
"pcsaft_sigma™: [3.8499, 3.732],
"pcsaft_epsilon™: [278.11, 291.23],
"polarizability™: [@.8, 2.16],

"kij": {"size": [2, 2], "9,0": ©.60, "0,1": 0.0, "1,8": 0.00, "1,1": 8.00 }

¥

1
“reference_data": {
“"vapor_pressure": {
196" {
"length": 38,
"weight": 1,
“pressure”: [
5334.3,
5386.8,
8903.3,
14143.4,
21685.6,
32213.9,
46516.8,

ECA27 A

Is
"strategy": [
{
"properties”: [
"thermodynamic_distance™
I,
“steps”: [
{
"method": "local”,
"compounds™: [196, 1361],
"mask": [
{
"phases.liquid”: {
"pcsaft_segment number™: [false, true],
"pcsaft_sigma": [false, true],
"pcsaft_epsilon™: [false, true],
"polarizability™: [false, true],
"kij": {"size": [2, 2], "0,1": true, "1,8": true}
¥s
"phases.vapor”: {
"pcsaft_segment number™: [false, true],
"pcsaft_sigma": [false, true],
"pcsaft_epsilon™: [false, true],
"polarizability™: [false, true],
"kij": {"size": [2, 2], "0,1": true, "1,8": true}
i
¥
1
¥
]
¥
I,
E Sy ——— Amtat.
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