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QOutline
ABrief History of the TRC

AGlobal Information Systems:
U Purpose, Requirements, Components
U Application to the Field of Thermodynamics: Impact Areas,
Components, and their Architecture
U From Data to Wisdom in one Gigantic Step
Almpact on Efficiency of Information Delivery:
U Establishing Global Data Communication Process
uDel i vering I nformation from nData F
Almpact on Publication Quality:
U Information Integration and Publication Quality
U Some Surprising Findings
Almpact on Chemical Process Design:
UABundlingo with Simulation Engines
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ANIST/TRC & MPEI Cooperation:

U Developing Engineering Web MathCad Tools using
Thermophysical Property Data
U Establishing Communication Bridges between Data Expert Software
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Frederick D. Rossini

AFirst director of the Project API 44
AFirst director of TRC

2> Awards
5 A1956: Huffman Award
| A1971: Priestley Medal
| A1975: Rossini Award- Namesake & 15t Awardee
A1977: National Medal of Science for his
ocontributions to basic r
I n chemical t her modynami c
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Kenneth S. Pitzer

AAssociate Director of Project APl 44
AProfessor, UC Berkeley
APresident, Rice Univ., Stanford Univ.

Awards

A1958: the Huffman Award
A1969: the Priestley Medal
A1974: National Medal of Science
A1988: Rossini Award
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George C. Pimentel

ASupervisor of Project API 44
AProfessor, UC Berkeley
Alnventor of the chemical laser

Awards

1985: National Medal of Science
s 1989: Priestley Medal
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Dr. Fredrick D. Rossini Dr. Bruno Zwolinski
Director, 1942-1961 Director, 1961-1979

Dr. Kenneth R. Hall Dr. Kenneth N. Marsh

Director,1979-1985,1997-2000 _ Director, 1985-1997 A
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Data capture for the major data journals
J. Chem. Eng. Data, J. Chem. Thermodyn., and Fluid Phase Equilib.
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Principal Questions

AHow to Navigate to Find Relevant Information in
the Entire Body of Knowledge Pertaining
Thermophysical Property Data (Needle in the
Haystack) ?

AHow to Develop Experimental Plans Assuring

0Significant Return on the | nvest
Als it Possible to Validate New Experimental

Data?

AHHow to Deliver Efficiently Inform

Producerso6 to oData Userso?
Als it Possible to Discover Functional Forms That Have

Fewer Parameters than Currently Used Forms, but

Which still Work Well over a Broad Range of Fluids?
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AGlobal Information Systems:

| nf or mati on Systems Designed toée

U Collect, Process, Integrate, Evaluate, and Communicate the
Entire fiBody of Knowledgeo Pertaijning

USupport

Any Application Requi g Thi
Demando Mode wi't

I r-1 n
h Definitive | nfor mat.
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Global Information Systems

Application to the Field of Thermodynamics
C Software tools for mass-scale data capture

1] Guided Data Capture (GDC) software

C Compmve Data Storage Facility
SOURCE Data Archival System

C Data Entry Facility

NIST/TRC Data Entry Facility

C Data Communications Standard
L ThermoML

C Data Reader Software
& ThermoML Opener into Microsoft Excel
C Software Expert Systems

_ ThermoDataEngine

| ThermoData Engine (TDE) software

C Web Communication Portal

NIST Web-Oracle infrastructure
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Efficiency of Journal
Information Publication
Delivery Quality

Chemical
Process
Design

Instrument
Calibration &
Validation

Global Information System
In Thermodynamics

Molecular Modeling
Strategic &

Experiment Property Prediction
Planning

Scientific
Discovery
Process
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5 Metadata: Phases, Constraints, Variables, Units, Uncertainties

neqilbrian [ v i = R ol e i =
T - 1 I

; Numerical Data

29375 00055

29815 0.0214
i R 23815 0.0461
29815 01236
23815 02140

29815 0.2424

29815 03768

29815 0.3860

29315 0

298.15

298 G@Q‘

A

06299
15 08497

29815 0918

59515 0.9993

29315 09999

WEI5 00037 .

30815 00461 h |

0815 0159 Grap ICa

815 0.2877

Representation

decane + tert-butyl athyl 5
dodecane + tert-butpl ethyil
etradecane + tert-butyl ethyl ether
+- hexadecane + tert-butyl ethyl ether
- cyclohexane + tert-butyl ethol ether
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Pure Compounds >

SAMPLES

Binary Mixtures@

Ternary Mixtures
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FIXEDCONDITION
ONEVARDATA
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REACTCHANGED
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A Structure is based on the
Gibbs Phase Rule

AAccommodates a wide
variety of reported data
representations (absolute,
ratio, difference, a variety of
composition measures, etc.)
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Data Processing at NIST
Thermodynamics Research Center

Incoming Data Flow
500,000 data points/year

In-House Data Processing

@mmunicatio@

Access to NIST
SOURCE/Oracle
Database
Unix Network

Workstation
Communications
Windows Network

Hardcopy
digitizing

Guided Data
Capture:
GDC software

i 1

Major journal cooperation

ity
c Data En
NIST/TR

Data Capture
Software
Support

Data Capture from
international data
repository resources
(Russia/China)

Managerial
support

}I—

Student-based operation: University of Colorado, Boulder

Colorado School of Mines,

Golden
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Participants of the Task Group meeting for IUPAC project
"XML -based IUPAC standard for experimental and critically
evaluated thermodynamic property data storage and capture'.
Prof. W. A. Wakeham, Dr. A. R. H. Goodwin, Dr. A. I. Johns; Dr. M. Satyro,
Dr. D. Lide, Dr. M. Frenkel, Dr. M. Schmidt, Prof. K. N. Marsh,
Dr. J. W. Magee, Dr. J. H. Dymond (London, 2004)
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| Comments \l.\ Attachments

Pure Appl. Chem., Vol. 78, No. 3, pp. 541-612, 2006.
doi:10.1351/pac200678030541

© 2006 IUPAC
INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY

COMMITTEE ON PRINTED AND ELECTRONIC PUBLICATIONS*

XML-BASED IUPAC STANDARD FOR EXPERIMENTAL,
PREDICTED, AND CRITICALLY EVALUATED
THERMODYNAMIC PROPERTY DATA STORAGE AND
CAPTURE (ThermoML)**

(IUPAC Recommendations 2006)

Prepared for publication by
MICHAEL FRENKEL!¥, ROBERT D. CHIRICO!, VLADIMIR DIKY!, QIAN DONG!,
KENNETH N. MARSHZ, JOHN H. DYMOND?, WILLIAM A. WAKEHAM?,
STEPHEN E. STEIN®, ERICH KONIGSBERGER®, AND ANTHONY R. H. GOODWIN’

!Physical and Chemical Properties Division, National Institute of Standards and Technology
Boulder, CO 80305-3328, USA; 2Department of Chemical and Process Engineering,
University of Canterbury, Private Bag 4800, Christchurch, New Zealand; 3Chemistry Department,
University of Glasgow, Glasgow G12 800, UK; #School of Engineering Sciences,
University of Southampton, Highfield, Southampton SO17 1BJ, UK; °Physical and Chemical
Properties Division, National Institute of Standards and Technology, Gaithersburg, MD 20899-8580
USA; ®School of Engineering Science, Murdoch University, Murdoch, WA 6150, Australia;
7Schiumberger Technology Corporation, 125 Industrial Blvd., Sugar Land, TX 77478, USA
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ThermoML Symposium: ACS Spring Meeting

Atlanta1® March 27, 2006

L to R: Catherine Hunt (ACS President-Elect), Bryan Henry (IUPAC President),
Dan Friend (Acting Chief, PCP Division, NIST)
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ner into Microsoft Excel

e ThermoML Op€

<?xml version="1.0" encoding="UTF-8"?>

<?xml-stylesheet href="http://www-
i.boulder.nist.gov/div838/trc/journals/jced/ThermoMLtoHTML.xsl" type="text/xsl|"?>
<l--Created by Guided Data Capture (GDC) Software (http://www.trc.nist.gov)-->
<DataReport xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation="http://www.trc.nist.gov/ThermoML.xsd">

<Version>
<nVersionMajor>2</nVersionMajor>
<nVersionMinor>0</nVersionMinor>
</Version>
<Citation>

<TRCRefID>
<yrYrPub>2005</yrYrPub>
<sAuthorl>ash</sAuthorl>
<sAuthor2></sAuthor2>
<nAuthorn>0</nAuthorn>
</TRCRefID>
<eType>journal</eType>
<eSourceType>Original</eSourceType>
<sAuthor>Ashour, I.[Ibrahim]</sAuthor>
<sPubName>J. Chem. Eng. Data</sPubName>
<yrPubYr>2005</yrPubYr>
<dateCit>2005-02-10</dateCit>
<sTitle>Liquid-Liquid Equilibrium of MTBE +
Ethanol + Water and MTBE + 1-Hexanol + Water over the Temperature Range of 288.15
to 308.15 K</sTitle>
<sAbstract>Liquid-liquid equilibrium data for
methyl tert-butyl ether (MTBE) + ethanol + water and MTBE + 1-hexanol + water have
been experimentally measured over the temperature range of 288.15 to 308.15 K. The
equilibrium data of this work, in addition to the available MTBE-containing LLE data in
the technical literature, are analyzed using UNIQUAC, NRTL, UNIFAC-LL, and UNIFAC-
DMD models as programmed by the Aspen Plus simulator. On the basis of analyses of
the experimental data of this work, UNIFAC-LLE and UNIFAC-DMD showed the best
predictive performance for the mole fraction of the target species (MTBE) in both the
organic and agqueous phases.</sAbstract>
<sKeyword>Liquid-Liquid
Equilibrium</sKeyword>
<sKeyword>MTBE</sKeyword>
<sKeyword>Ethanol</sKeyword>
<sKeyword>Water</sKeyword>
<sKeyword>1-Hexanol</sKeyword>
<sVol>50</sVol>

— GGt e— Chemical Science and Technology Laboratory

</Citation>

Liquid-Liquid Equilibrium of MTBE + Ethanol +
Water and MTBE + 1-Hexanol + Water over the
Temperature Range of 288.15 to 308.15 K

I. Ashour
J. Chem. Eng. Data 50 113-118

Compounds studied in this report

Name Molecular Formula Registry Number
methyl tert-butyl ether C5H120 1634044
ethanol C2HGO 64175
1-hexanol C6H140 111273
water H20 7732185

Result Set #1

Measurement of:

Specific density. kg/m3
Method: Pycnometric method
Phase: Liquid mixture 1

For compounds:

ethanol ( CZHGO )

methyl tert-butyl ether ( C5H120 )
water (H20 )

With the constraint:
Pressure, kPa=101.3

methyl tert-butyl ether

Temperature, K Mole fraction

Specific density, kg/m3

288.15 9217 746
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Global Data Communications

Committee on Printed &
Electronic Publication
(CPEP)

International Association of
Chemical Thermodynamics
(IACT)

Experimentalists
P NIST Guided (W=
Measurements Data
Capture
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N Cooperation with journals for

Data Producers

(Article Authors)

= E] B E] HigjEj2
Article submission : Z

global data dissemination in
ThermoML format

Major Journals

AJ. Chem Eng. Data
AJ. Chem. Thermodyn.

NIST/TRC
In-House

Data Capture After peer review |

AFluid Phase Equilib.
Alnt. J. Thermophys.

MEBTSEETEES AThermochim. Acta

y

Article Authors

to be resolved

~600 articles/year

Data Capture *

| Problems ~100,000 data pts/yr
communicated ~80% of data in field
C G
> GDC
\ & GDC communication line_>>
Files are & TDE communication line_>
converted fo v NIST/TRC SOURCE
format Thel‘ m’:OD Data SyStem

Data files in ThermoML
format are posted on
the Web

\ 4

On-demand
critical data
evaluation

ThermoData
Engine

o

data inThermoMLformat

Archive of published experimente

Process design,
optimization, and
basic research

A

Data Users

y
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Data Analysis: GDC Communication Line

A B

. Boiling temperature at pressure P as function of Mole fraction of tetrahydrofuran =] . Boiling temperature at pressure P as function of Mole fraction of tetrahydrofuran H=] E3
Tools  Help Tools  Help

39

<

a7

360

350

340

230

220
340

o

1] .2 4 E 8 1 1] 2 4 E x] 1
Uncertaintiss | ®=Varl | Uncertainties | ¥ =Var 1 | :
Mole fraction of tetrahydrofuran Mole fraction of tetrahydrofuran

Boiling temperatures Th at constant pressure for (tetrahydrofuran + tetrachloroethene).

The figures show the reported experimental data before (A) and after (B) correction. The
arrows indicate boiling temperatures for the pure components critically evaluated with the

ThermoData Engine (TDE) software.1 , Tb = (337.38 N0.03) K at p = 95.8 kPa for

tetrahydrofuran critically evaluated with TDE. B, Th = (392.16 N0.06) K at p = 95.8 kPa for
tetrachloroethene critically evaluated with TDE. The graphs were created with the GDC
software. 2
————————————————— Ch emical Science and Technology Laboratory %
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Data Analysis: GDC Communication Line

A B

Specific density / (@n3)

. Specific density as function of Temperature [_ (O] x| . Specific density as function of Temperature M=l E3
Tools  Help Tools Help
1.0 1.1] 4
1.06] N e
104 . o4
1.04
| | | | |
300 0 320 330 300 il 320 330 340
Uncertainties | H=Var 2 | H=Varl Uncertainties W=Yar2 | ®=Varl |

Mass (specific) density as a function of temperature for mixtures of chlorobenzene and
dimethyl carbonate. The lines represent results for various mixture compositions. The figures
show the reported experimental data before (A) and after (B) correction. The circle indicates the
erroneous values in the upper figure. The graphs were created with the GDC software.
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Data Analysis: TDE Communication Line

A

@ pensity [L] - Tait

fT)

f[F) Y|1N LnY | DY | DY | Warng Z|T|DT| ><|1x’>< Ln | +/| Convect § Rejected

Density (kg/m3)

240
Q20 |-
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B30
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TR0
w0l density curve

| 2- Phase (quwd + Gas) reglon

I[=] E3

Liquid phase region

Saturated liquides \

300 320 41] 360 380 D
Temperature (K)
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B

i 7™ Density [L] - Tait =] E3

D% | Warng | £ T| DT| ® | 'I.-"><| Ln><| +.-"-| Connect | Bejected

Density (kg/m3)

240
920
000
B30
260
340
220
200
70
0

0L

70

Liquid phase region

Saturated liquid
density curve

2- Phase (LIC]UId + Gas) reglon

BDD

32D 360 380 420
Temperature ()

Densities for tetrahydrofuran. Experimental data (red) are reported for density as a function of
temperature and pressure in the liquid phase before (A) and after (B) correction. The saturation
line (i.e., the line of separation between the one- and two-phase regions) critically evaluated
with TDE is shown in the plot. The blue lines correspond to the isobars evaluated by TDE for

the single phase region. The graphs were created with the TDE software.
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TDE consistency test for originally reported experimental isobaric T-P-x-y data
For binary mixture (ethanol + methanol) at P = 101.32 kPa"

VLE Diagram

Temperature (K}

352

337
0 0.2 0.4 0.6 0.8 1

Composition

| Izobaric TPXY ethanol + methanol at 101.32 kPa [20] |

|T—>{—Y Flot - | [] autoscale compaosition : -
[ ] Draw lines between exp. points I. QK J [ Cancel ]

“Arce, A.; Martinez-Ageitos, J.; Rodil, E.; Soto, A.
Fluid Phase Equilib. 1998, 146, 139-153

Chemical Science and Technology Laboratory
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TDE consistency test after error correction

1998 arc mar 2: PTXY at P = 101.32 kPa

Van Mess test w |

{(*) Data Flot
() Emors Plot

T{K)

336 l | | | | | | | |
0 01 02 03 04 03 06 07 08 09

Alole fraction X1 Close

PASSED

MRTL parameter A12: 24 5208059635925

MRTL parameter AZ21: 7.64853658635536

MRTL parameter B12: 4 2210752022555

MRTL parameter B21: 3.91964933547811

MRTL parameter C12: 0.420243317518488

Average absolute pressure emaor (OF, 5): 0.121703145845031
Awerage composition pressure emor (DY, %): 0.633057558651762

Criteron: D DY« 1

———— Cemical Science and Technology Laboratory %




Fluid Phase Equilibria 276 (2009) 165-166

NS

New mandatory submission

Contents lists available at ScienceDirect

Fluid Phase Equilibria

=

FUDPHASE
HOUILIBHIA

FLUID PHASE

journal homepage: www.elsevier.com/locate/fluid

process via NIST/TRC for
major journals in the field

Editorial

2 J. Chem. Eng. Data 2009, 54, 2-3

Joint Statement of Editors of Journals Publishing Thermophysical Property Data
Process for Article Submission for The Journal of Chemical Thermodynamics,
Fluid Phase Equilibria, International Journal of Thermophysics,

Thermochimica Acta, and Journal of Chemical Engineering Data

Joint Statement of Editors of Journals Publishing
Thermophysical Property Data

Process for Article Submission for The Journal of Chemical Thermodynamics, Fluid Phase Equilibria, International Journal of

Thermophysics, Thermochimica Acta, and Journal of Chemical and Engineering Data

A requirement for submission of a manuscript describing properties is a literature search and comparison of the results with previously
reported literature values. Often, reviewers cannot make informed decisions regarding the manuscript because the authors have made only
a minimal literature review and comparisons. It is then an unacceptable burden to require reviewers to research previously published
literature data to ensure a proper comparison has been made and hence determine the ultimate worth of the manuscript. To accommodate
this, a new arrangement has been made with the Thermodynamics Research Center (TRC) of the National Institute of Standards and
Technology (NIST). Specifically, thermophysical property data for systems reported in a newly submitted manuscript will be compared
against the NIST TRC databases. TRC will provide a report to the Editors who at their discretion will forward it to the reviewers and/or
the authors. This new procedure is mandatory and will operate by collaborative agreement with Journals in this field including The Journal
of Chemical Thermodynamics, Fluid Phase Equilibria, International Journal of Thermophysics. Thermochimica Acta, and Journal of
Chemical and Engineering Data. The Editors will adhere strictly to this policy and there will be no exceptions. This new procedure

becomes effective January 2009

Journal of Chemical and Engineering Data International Journal of Thermophysics

A requirement for submission of a manuscript describing prop-
erties is a literature search and comparison of the results with
previously reported literature values. Often, reviewers cannot make
informed decisions regarding the manuscript because the authors
have made only a minimal literature review and comparisons. It
is then an unacceptable burden to require reviewers to research
previously published literature data to ensure a proper compari-
son has been made and hence determine the ultimate worth of
the manuscript. To accommodate this, a new arrangement has
been made with the Thermodynamics Research Center (TRC) of
the National Institute of Standards and Technology (NIST). Specif-
ically, thermophysical property data for systems reported in a
newly submitted manuscript will be compared against the NISTTRC
databases. TRC will provide a report to the Editors who at their dis-
cretion will forward it to the reviewers and/or the authors. This new
procedure is mandatory and will operate by collaborative agree-
ment with all Journals in this field including The Journal of Chemical
Thermodynamics, Fluid Phase Equilibria, International Journal of Ther-
mophysics, Thermochimica Acta, and Journal of Chemical Engineering
Data. The Editors will adhere strictly to this policy and there will be
no exceptions. This new procedure becomes effective January 2009

i We , t he H
are convinced that
this additional data

review will
substantially benefit
the scientific and
engineering
communities
because of the
increase in quality
and usefulness of
the reported

The Journal of Chemical Thermodynamics

Fluid Phase Equilibria

W. M. (Mickey) Haynes, Editor-in-Chief
Daniel G. Friend, Associate Editor
Andreas Mandelis, Associate Editor

Kenneth N. Marsh, Editor-in-Chief

Paul L. Brown, Associate Editor

Robert Chirico, Associate Editor

Anthony R. H. Goodwin, Associate Editor
Jiangtao Wu, Associate Editor

Ronald D. Weir, Editor
1. P. Martin Trusler, Editor
Agilio Padua, Editor

Fluid Phase Equilib. 2009276,16% 166

Peter T. Cummings, Editor
Theo de Loos, Editor
John P. O’Connell, Editor

Int. J. Thermophys. 2009,30, 371373
J. Chem. Eng. Data 2009%4, 23

J. Chem. Thermodyn. 200941, 575576
Thermochim. Acta 2008,484, vii viii

————— C emical Science and Technology Laboratory
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Thermochimica Acta

V. Rives, Editor

C. Schick, Editor

S. Vyazovkin, Editor

Lee D. Hansen, Consulting Editor




N DE) software

' ThermoData Engine (T

Used for > 200 years in all Developed at NIST:Implemented
critical data evaluation worldwide for the first time in 2004

STATIC EVALUATION DYNAMIC EVALUATION
by Evaluator by Process Designer
in Advance of Use on Demand
conc ept } Comprehensive Relational Data

Initiate DATA ARCHIVE Archival System
develo pment Literature Continuously Updated
Search G—
1988 to 1997
Extract Data & Intermediate Search &
References Storage Retrieve as
I Specified
Concept

Implementation
1997 to present

Ex R;\irrine ::ltal Intermediate
i Data Storage
I Predict to Data-Expert

Fill Data System Software

Intermediate Gaps <

Normalize,
Compare, &

Select Storage
Enforce
|
Framework Consistency
= Smooth & Intermediate
com p I etl on Storage Evaluate
I T Uncertainty

target: 2012

Generate Final
Output
(Hard Copy or
Database)

Provide
Customized
Fitting
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General Algorithm for Dynamic Data Evaluation
ThermoData Engine (TDE)

Property Blocks

A Phase Diagram

Load from database

|~4

I Triple Point & Critical T

A 4

A 4

I Phase Boundary P

Trivial normalization

Non-trivial

A Volumetric

A 4

normalization within
block

I Critical Density

First property block

A 4

I Saturated &
Single Phase Densities

Add predicted valuep

A 4

A 4

T Volumetric Coefficients
A Energetic

Enforce intetblock
consistency

Select models &
fit properties

A 4

A 4

I Energy Differences
i Energy Derivatives

I Speed of Sound

A Other

Process |iOft hieEnforce consistency
properties within block
Calculate

uncertainties Next block?

I Transport Properties
I Surface Tension
T Refraction

A 4

Output

Chemical Science

and Technology Laboratory &
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Thermodynamic consistency conditions

In-block:

A Equal vapor pressures at triple points & sl@p/. consistency
A Convergence of condensed phase boundary to triple point

A Convergence of gas and liquid saturation density curves at T
A Infinite first derivatives of saturated densities gt T

A Single phase densities converged to saturated densities

Inter -block:
A Vapor pressure + Saturated densities + Enthalpy of vaporization

——— CNeMical Science and Technology Laboratory %%



ﬂg]Thern'luData Engine - biphenyl - [Logarithm of Phase boundary pressure] ;[ilil
ol File ‘iew Ackion Help == x|
#- Compound data
:E’;’:Eﬁi:‘rﬂelgm;ﬂ;ﬂ' 1|2| 3| Prop | Dev| #Dev | Lnfx] | Ln(1/) | waring z| +/-| Connect | Rejected  Full viewl J_| J
.. Evaluated data B \\\
-- Alternative equations
El- P:ruperty consistency
Saturated densities
- \apor pressures al .
‘\,_
+ Liquid T
5 2 ) e
% i T
2 ~ tp
ol .
& +,
a - ‘[
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BT T
o
5 4
Blue lines are critically evaluatedsublimation  and
vapor pressures for biphenyl with consistency
enforcement. = Data rejected byTDE C
- rystal
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U= ThermoData Engine
Eile wiew Action ECS Check Updates Help

E® Welcome to TDE!

J

ThermoDataEngine

Version 4.0: Pure Compound Properties,
Equations of State, Binary Mixtures,
and Chemical Reactions

I I I | I
250 300 350 400 450 500 550 600 650

TK

A2004: First software implementation of the dynamic data evaluation concept
0 50 thermodynamic and transport properties
A2006: Implementation of equation of state technology on-demand
0 Span-Wagner, Peng-Robinson, modified Sanchez-Lacombe, PC-SAFT
A2008: First implementation for binary mixtures
0120 properties
A2009: First implementation for chemical reactions
o Includes experimental calorimetric and equilibria data as well as predictions

Chemical Science and Technology Laboratory
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To Io o o Ix

Application & Advantages

Automated generation of consistent recommended values

I (on-demand results in minutes vs. months or years for
traditional static methodps

Can be applied to hypothetical compounds

I Requests for compound data can be input as drawn
structures

Full set of properties for pure compounds are always
generated (predictions w/-}/

Estimated uncertainties for all recommended data
Can be used to develop new and validate old models
Reveals published experimental errors

Provides a comprehensive data source for process simulation
viathe ThermoMLformatted output

————— P emical Science and Technology Laboratory BT




L)
Properties evaluated for binary mixtures

A Critical T and P, viscosity, heat conductivity, surface tension
A Excess volume, enthalpy

A Activity coefficient models (Margules, NRTL, Redlidfister,
UNIQUAC, van Laar, Wilson)

A UNIFAC prediction

Chemical Science and Technology Laboratory %



A Results of evaluation (mixtures)

ThermoData Engine - cyclohexanol + cyclohexanone 101 =l
File View Action EOS Mixture Updates Help
- Component 1 {cyclohexanol) " ——
Component 2 (cyclohexanone) . =101 x|
User comments 7 Source Set # | Reject | Male fraction of ... Temperatune Fr&sst.lrel Exmasermalpyl Uncerta... |
|- Experimental and predicted date 1 1963 neuvon 0 2 03 298.15 101.325 0.602
- Experimental data (display only) % ::ﬁ (¥ Excess enthalpy [L] - Redlich-Kister I ]
- Single-property equations
T 4 15963
=1~ Excess volume £ 1569
- (UL EIL T S 1963 fy AT APY | % 1% LogX | | ¥ 1Y) Loa¥ | DY | DY% | “Waring | £} =/~ Connect | Rejected | Zoomout | Full View | | -| 7
‘.- Redlich-Kister ST S L4
: B- Excass enthalpy ] 1563 o
=B LLEXIL T, P) 9 1563
14
= Calculated with single-property «
[l Bxcess volums
-~ obLealm 12l
B- Excass enthalpy =
L LEVL T, P) =
3wl
E 080
=
=
=
3 os0l
Ll | -
Z
=
= 040
020
0.0
| | | | | |
0.0 020 0.40 0.60 0.30 10
« [ ¥ Mole fraction of cyclohexanol (L)
|F€ﬂady v
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AC models: VLE

EThermﬂData Engine - ethanol + 1-bromobutane - [Phase boundary pressure [L, G] - NRTL] - |I:I|5|
ol Fle View Acton EOS Mixture Updates Help _|E|£|
- Component 1 (ethanol)
k- Component 2 (1-bromobutane} | sy #my || x 1% Log | P-T || v 14¥| Log ¥ | DY | DY% | waing | 2 Connect | Rejected
|ser comments
-- Experimental and predicted datz )
-- Experimental data (display only) Ex].
Single-property equations
- Calculated with single-property « 30
EI Multi-property equations - —
. E-NRTL g
™ Phase boundary pressure, VL == 35
l Calculated with multi-property e ; T
2
= L
5 .
5 15
= -
o | v\‘\
2
£ /‘/(7 ’ e =‘.\“\
o e e St
s - T
e : p— m—
I I I I I I
0.0 0.20 0.40 0.60 0.80 1.0
1| | I Mole fraction of ethanol (L)
IHEE::I'; i

Chemical Science and Technology Laboratory ® (




NS, ————m— —
AC models: LLE

EThermﬂData Engine - cyclohexane + N-formylmorpholine - [NRTL: Temperature] - |EI|5|
ol Fle View Acton EOS Mixture Updates Help - IE’ |£|
[+ Component 1 (cyclohexane)

& Component 2 (N-formyimorpholi § «r) ey || < <] Logi | | 17| Logy | 0% | D% | aing | 2| +/- | Connect | Rejected
- |lger comments 100
[+~ Experimental and predicted datz I~
- Experimental data (display only) 4 -
- Single-property equations
- Calculated with single-property 1 .
= Multi-property equations 3801
- NRTL
Mole fraction of cyclohexane,
Mole fraction of cyclohexane,
- Activity coefficient of cyclohex | 2 3601
¥ | | E diagram =
[+ Calculated with multi-property e E
[=H
E 3400
3200
00| | | | | |
0.0 0.20 0.40 0.60 0.80 1.0
1| | I Mole fraction of cyclohexane (L1)
|Heady i

Chemical Science and Technology Laboratory & ‘
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AC models: SLE

EThermﬂData Engine - benzene + naphthalene - [NRTL: SLE temperature] - |I:I|5|
ol Fle View Acton EOS Mixture Updates Help - Iﬁllﬂ
- Component 1 (benzene)

#i-Component 2 (naphthalene) xR x A2 Loos ) |y v Lea | D | Dz | wwaning | 2]+ Connect | Rejected
|ser comments
-- Experimental and predicted datz 350
-- Experimental data (display only) —
-- Single-property equations
- Calculated with single-property 340
=l Multi-property equations
. E-NRTL 3300
SLE temperature, SLE Comp1-|
SLE temperature, SLE Comp2- f_. 120

- Calculated with multi-property e | 2

5 310 .

4 'Y

E 3001

“ 200l

2800
2700
I I I I I I
0.0 0.20 0.40 0.60 0.80 1.0
1| | I Mole fraction of benzene (L)
IHEE::I'; i
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Reactions: Evaluation results

'I;-"K Log X 'If’Y logY DY DY¥% ‘“Wanng £ T DT Cunnect Rejected  Zoomout  Full View ?

-284

-283

-286]

-287

Enthalpy {l<)/mol}

-288

-28%

-280

-281

| | | | | | | | | | |
180 200 220 240 260 280 300 320 340 360 380

Temperature {K}

Formation of water (liquid)

Chemical Science and Technology Laboratory
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Selection of the Reaction on-Demand

F Y

Chemical Science and Technology Laboratory
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Reactions: Property consistency

a5 Logl0 of Thermodynamic equilibrium constant - From participant properties

K| VK LegX Y 1Y DY DY% “Waing £ T DT Cunnect Fejected Zoomout Full View 7

2.0

[
i

-
=]

=
Ln
=

=
=

030

Logl0 of Thermodynamic equilibrium cons tant
I
(=] (=] (=] I

r
(=)

| | | | | | | | |
0.00160 0.00165 0.00170 0.00175 0.00180 0.00185 0.001%0 0.00195 0.00200

1/Temperature {1/K}

Hydrogenation of benzene (gas phase)

Chemical Science and Technology Laboratory
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TDE T Product Design

Product Design ._||_|g|
Requirements
Property Phase Criterion Value Unit Tolerance Unit at Temperature (K}
Nomal boiling temperature NAA > 400 K NAA NAA NAA

CLICK HERE TO ADD PROPERTY

Substructure 1

= [] All compounds

Hydrocarbons

[1C-H-0 compounds

[] Halegenhydrocarbons D

[1C-H-N compounds

[]C-H-5 compounds

[]C-H-N-0O compounds -
[]C-H-5-0 compounds ThermoData Engine r>_(|
[Jinerganics _

Exclude
Prediction

\y 144 compounds found Subsiructure 2

Help

Search Results

Formula Name A
CBH14 (1-methylethylidene)cyclopentane D
CBH14 cis-bicyclo[3.3.0loctane
CBH14 trans-bicyclo[3.3.0joctane
CBH14 Z-methylspiro[2 4]heptane

CBH16 cis-1-ethyl-Z2-methylcyclopentane

CBH16 propylcyclopentane -
CHH12 Bethenylbicyclo[2.2 1]-2-+heptene
CHH12 cis-5-ethylidenebicycla[2.2 1lhept-2ene [ﬁ
CaH12 spirol4. 4nonia-1.3-diene v Close

e C121MIC Al OCIETICE AllO |ecnn0|ogy La Oratory




N
TDE T Product Design (continued)

Product Design

Requirements

Property Phase Criterion Value Unit Tolerance Unit at Temperature (K}
Nomal boiling temperature NAA > 400 K NAA NAA NAA

Melting temperature NAA < 273 K NAA NAA NAA
CLICK HERE TO ADD PROFPERTY

Substructure 1
= [] All compounds HhsiHEE

[1C-H-0 compounds

[] Halegenhydrocarbons D

[1C-H-N compounds

[]C-H-5 compounds

[]C-H-N-0O compounds
[]C-H-5-0 compounds

[Jinerganics
Exclude
Substructure 2 Prediction
L
i
Search Results
Formula Name A
CBH14 (1-methylethylidene)cyclopentane D
CBH14 cis-bicyclo[3.3.0loctane
CBH14 trans-bicyclo[3.3.0joctane
CBH14 Z-methylspiro[2 4]heptane
CBH16 cis-1-ethyl-Z2-methylcyclopentane
CBH16 propylcyclopentane -
CHH12 Bethenylbicyclo[2.2 1]-2-+heptene
CHH12 cis-5-ethylidenebicycla[2.2 1lhept-2ene [ﬁ
CaH12 spirol4. 4nonia-1.3-diene v Close

e ([ | C[TIC Al OCIEIMNCE aAlld |ecnn0|ogy Lap




N
TDE T Product Design (continued)

Product Design

Requirements
Property Phase Criterion Value Unit Tolerance Unit at Temperature (K}
Nomal boiling temperature NAA > 400 K NAA NAA NAA
Melting temperature NAA < 273 K NAA NAA NAA
Viscosity Liquid (zaturated) > 0.001 Pa’s NAA NAA 258
CLICK HERE TO ADD PROFPERTY
Substructure 1

= [] All compounds

Hydrocarbons

[1C-H-0 compounds

[] Halegenhydrocarbons D

[1C-H-N compounds

[]C-H-5 compounds

[]C-H-N-0O compounds
[]C-H-5-0 compounds
[Jinerganics

Exclude
- Substructure 2 Pradiction

1 23 compounds found

Search Results

Formula Name A

CSH16 hydrindan

CSH16 trans-bicyclo[4.3.0nonane

CSH16 cis-bicyclo[4.3.0lnonane 5

C10H18 spira[5.4ldecane

C10H18 1.1bicyclopertyl

C11H14 cyclopentylbenzens -
C11H20 cyclohexane, cyclopentyl-
C13H18 1cyclopentyl-2, 5-dimethylbenzene [ﬁ
C14H20 1-cvelopentvl-3ohervioronane b Close

e C121MIIC Al OCIETICE AllO |ecnn0|ogy La Oratory




NS
TDE T Experiment Planning

Experiment planning for methanal

Property: |Vapor (sublimation) pressurs v|
Property phase: | Liquid v| Second phass: |Gas v|
Temperature range: | 150 | to [300 | K

| Change Compound | | Analyze |

Measurement uncertainty: |2

% v| [ Go To Compound ] [ Close ]

Expermental data of same or better quality are available.
Proposed measurement would duplicate existing data.
To see the property data in full details, click "Go To Property™ button

—————————————————— Ch emical Science and Technology Laboratory %




NS
TDE T Experiment Planning

Experiment planning for D-sorbitol

Property: |‘u"apor {sublimation) pressure v|
Froperty phase: |Uquid v| Second phase: |Gas V|
Temperature range: |3DD | to |EDD | K
[ Change Compound ] [ Anahyze |
Measurement uncertainty: |2 % “ | [ Go To Compound ] [ Cloze ]
Log10 of Phase boundary pressure [L, G] Experimental data in specified T/F region are available, but look inconsistent.
Proposed measurement would contribute to resolving inconsistency.
To see the property data in full details, click "Go To Property™ button
X 1% LegX Y 14| Log¥ + | Connect | A .
— — R . L]
5
2.0 | | |
* 300 400 300 600
i -
:.:.:
= 10 .
£
2 .
E
= 0.0 .
3
b=
-
z
= 10l
s.:’-:
: ¢
z te,
= L] '
= 200 ',
] L
- LI
*e
‘e
.
30 *e
| | | | | |
0.0016 0.0017 0.0013 0.0019 0.0020 0.0021 0.0022
1/Temperature {1/K}
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Multi-tier Web Database
Process Flow

Web Browser
to Access URL

Results on
Browser

HTTP Listener
Web User Interface

Business Logic

Data Definition

WEB DISTRIBUTION
SERVER

SQL NET JDBC

=
ORACLE

Distribution Server

OFF-LINE

Retrieval
Download

OFF-LINE

Data Transfer

Web Browser
to Access URL

Results on
Browser

HTTP Listener
Web User Interface

Business Logic

Data Definition

WEB DEVELOPMENT
& TESTING SERVER

SQLNET JDBC

-
ORACLE

Database Server
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