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H OW -l-o g e-l- Access % Text MOLTENSALTWORKSHOPO022 to +33 6 44 60 09 54 once to join

 The databases and associated documents are publicly hosted af:
hitps:.//code.ornl.gov/neams/mstdb/

e Access instructions:

« XCAMS account creation
» (o to hitps://xcams.ornl.gov
« Select "l need an account."
* Read and acknowledge the User Agreement
» Enter your email address and username following the guidelines on the page.
» Enter "Personal Information" and "Contact Information" per the guidelines
« Create an XCAMS password according to the guidelines provided on the page.
« Onthe final step, note the activation sequence box at mid-page. Wait until each
action item turns green and the box heading reads "Transactions Complete"
» Log into https://code.ornl.gov using your new XCAMS username and password

* Request MSTDB membership
» Send an email to mstdb@ornl.gov with “MSTDB Access Request” as subject
* Include your XCAMS ID and brief summary of the purpose for your request

%OAK RIDGE

National Laboratory



https://code.ornl.gov/neams/mstdb/

What is MSTDB

* Molten salt thermal property database is an MSTDB
effort to characterize thermal properties of
molten salts relevant to the nuclear industry

« MSTDB data is split info two categories
(thermochemical and thermophysical)
because each subsection’s data is used in
fundamentally different ways

- TCrequires a Gibbs Energy Minimizer to
interpret the data (FactSage or
Thermochimica)

- TP data is represented by empirical relations

derived from experimental data EXD;imemOl e (S g G'actsagem | .
+  MSTDB-TP is managed by ORNL, and MSTDB- Propert, ASE
TC is managed by UoSC. Both section’s data "mation Chemsage TR
is hosted on ORNL giflab servers. ” Be
Q
Traceabij,

Nuclear Energy Advanced Modeling and Simulation Molten Salt Reactor

P R OGR A M

%OAK RIDGE

National Laboratory




-
=)
—

Roadmap for Molten Salt 2@ [=17
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are fundamental in nature, its data facilitates constructing 'g wey LAl A
engineering models that allow stakeholders to investigate the [ w |
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MSTDB-TC Overview STaR | ;
KF | | ¥ [ ¢ v In MSTDB-TC
rReE| v | ¥ v v Data Published
« Contains Gibbs energy models and values for molten . Bl Gorg Assessec
salt components and related systems of interest 2 AL
O PuF,| ¥ | ¥ | ¥ | ¥ | ¥ | v
. . o« o . o | v | v
« Requires Gibbs energy minimizer to process © e — i}
“Chemsage”.dat format O e e
. O LaF, | ¥ v v v v v v
- FactSage (Licensed) =l BB .
— Thermochimica (open source) O — 2
LiF | NaF | BeF,| KF | RbF | CaF; | ZtF, | ThF, | PuF; | UE, | UF; | CsF | CeF; | LaF; | StF, |MgF, NdF;| FeF,

« Allows for phase diagrams and associated values:

- Heat capacity E B
- Enthalpy of mixing E mm iél&’iﬂﬁf?;le%
— Vapor pressures % e : T
« More information can be found on the MSTDB-TC © i : hT
website 2 i Ei 7
2 = : .
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MSTDB-TP Overview

Physical and
Chemical
Reference Data

« The MSTDB-TP contains empirical relations for the
following properties:

- Melting and boiling points

Volume 17,1988
Supplement No. 2

Thermodynamic and Transport

- Density Properties for Molten Salts:
Correlation Equations for Critically
- Viscosity Evaluated Density, Surface Tension,
Electrical Conductance, and
- Heat Capacity Viscosity Data
- Thermal Conductivity i o

George J. Janz
3 445b 0555980 1

Moiten Salts Data Center, Department of Chemistry, School of Scie
Rensselaer Polytechnic Institute, Troy, New York 12181

e As per the current version release (v2.0) There are
273 entries, including:

- 33 pure compounds

DENSITY AND VISCOSITY OF SEVERAL
MOLTEN FLUORIDE MIXTURES

Stanley Cantor

- 214 pseudo-binaries & & 5T
— 20 pseudo-ternaries e Americen Insttate of prysia o T

the National Bureau of Standards

- 6 pseudo-quaternaries

CENTRAL RESEARCH LIBRARY
DOCUMENT COLLECTION

 Each property entry in the database includes | e
a margin of experimental error dictated by the
report or by our review process

OAK RIDGE NATIONAL LABORATORY

. The dOTO iS bosed On -I-he OUTpUTS Of ]40+ OPERATED BY UNION CARBIDE CORPORATION « FOR THE U.S. ATOMIC ENERGY COMMISSION
independent experimental studies.
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National Lab Experimental
Capabillities:

e Density

Archimedean Method*
Dilatometry*
Method of maximum bubble pressure

» Viscosity

Rolling Ball Method*
Rotational viscometry
Oscillation damping method
Capillary viscometry

e Thermal Conductivity

Variable gap technique*
Coaxial cylinder technique
Transient hot wire method
Laser flash

 Heat Capacity

DSC Ratio method*

Drop calorimetry

%OAK RIDGE *indicates ORNL Capability

National Laboratory

MSR Thermophysical Properties

Irradiated Fuel

Density

Viscosity

OAK
RIDGE

Heat Capacity

“Mational Laboratory

Thermal Conductivity

Yapor Pressure

Institution

Property measurement capabilities

Systems of focus

Oak Ridge (ORNL)

p. v, &, Cp, p*, m.p, and
compositional analysis

U and Be bearing fluorides
U bearing Be chlorides

Argonne (ANL)

p. v, &, Cp, m.p, and compositional
analysis

Actinide and Be bearing
fluorides
Actinide and Be bearing
chlorides

Idaho (INL)

p, v, &, Cp, m.p, compositional
analysis

Actinide bearing chlorides
Irradiated salis

Pacific Northwest

p, v, &, Cp, p*, m.p, AH" AH™ and

* U and Be bearing fluorides
(PNML) compositional analysis ¢ U bearing chlorides
Los Alamos p., v, K, Cp, m.p, compositional Actinide and Be bearing
(LANL) analysis fluorides

Actinide and Be bearing
chlorides

https://doi.org/10.2172/1778081
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Computational Efforts:

e Radiological and hazardous salts require major investment of time and money for just a
single salt experimental measurement.

 Development of robust and accurate characterization of molten salts through
computation methods can:

— Flesh out compositional ranges of more experimentally characterized salts
— Provide guidance to experiments on high interest salts for reactor development safely

« Computational techniques have two categories:
— First principles modeling:
* DFT-based Molecular dynamics
 Machine Learning
— Estimation:
» Redlich-Kister expansion/Muggianu interpolation
¢  Mixing models

 The database will clearly distinguish between experimental and synthetic data.
%OAKRIDGE

National Laboratory




Computational Efforts: First Principles Modeling

Decision O
Property @
o Current first principles modeling is mainly o

Thermophysical
Properties
Desired

based on ab-initio molecular dynamics
(AIMD)

Viscosity (13, 14)

@mﬂ' D vy ({1, ) Thermal Conductivity (18, 19)

| Y
' b Diffusion Coefficients (10)

. . . Density (2)
« Size and length of simulation depends on A ;
'I' . Heat Capacity (5, 6, 7, 8, 9) ’ NVE _ |
property: GO7ED O [ ~@T D4
|

. . .l Preferred)
- Short/small: density and heat capacity &9 = ¥ axn IS :
. . . . : |
- Long/Larger: Viscosity, diffusion or thermal L@ — — = = WE |4 =@ D) = === I
COﬂdUCTIVITy Simulation Strategies to obtain thermophysical properties [12]
« Quantifying the accuracy of models is Extract
o . o o o . conrigurations
incredibly difficult without experimental data ~1(%?t3ms s i
will be difficult = 3
. . . . i trai trai trai
—- Conservative estimates of uncertainty will 1 N p— = = 1
be used in database for these GAP model Behler-Parinello Deep Potential ANI model
calculations | | Predicted energies | |

Thermophysical

 Advent of Machine learning may provide

. . o ipt Properties
drastic improvements to design and use — "
molten salts
%OAK RIDGE Machine learning methods for predicting molten salt properties [12]
National Laboratory [12] https://doi.org/10.1038/s42004-022-00684-6
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Ideal

Computational Efforts: =
Estimation Technigues

Pure Salt

Ternary

Binary System Ternary System

C(I);nportlsnt Density ‘ Density IS)-Z;EI‘:;{
. . . €Nsl1
« Redlich-Kister expansion allows the Measurements - e Bstimation

estimation of higher order systems based
on the interactions of the lower order

I

_

components Bxpunson —>
o Any Composiﬂon can be estimated: Obtaining ternary properties through Redlich-Kister process [11]
— Can help in compositional gaps for salts 1o Measured (10431

Measured (1063 K)
Measured (1083 K)
Measured (1103 K)
Measured (1123 K)
Ideal (1043 K)
Ideal (1063 K)
Ideal (1083 K)
Ideal (1103 K)
Ideal (1123 K)

« Successfully been demonstrated for
ternary systems for density [11],[12]

- May be expanded to other properties

g
n
i

« Drawback:

Density (g/em?)
(78]
=

- Requires well characterized pseudo-binary and 25 ﬁiﬁzzzzgﬁz g
pure components of the ternary system. RK Expansion (1083 K)
— Difficult to extrapolate without ternary anchor 2013 RK Expansion (1103 K)
pOinTS | | | | | RK Expansion (1123 K)

0.00 0.25 0.50 0.75 1.00

Mole Fraction of ZrF:

%OAK RIDGE Measured and estimated density of NaF-LiF-ZrF4 [11].

National Laboratory [11] https://doi.org/10.1016/j.ces.2022.117954



https://doi.org/10.1016/j.ces.2022.117954

MSTDB-TP Review Process
 We utilize a 4-step process to populate the MSTDB-TP with thermophysical

property data:

1. Dataset Identification: Collection of multiple sources of literature which report a
given thermophysical property measurement of a given system

2. Dataset Selection: Down-selection to a particular data set which is of the highest

quality

3. Uncertainty Quantification: Assignment of experimental margin of error to the data

4. Dataset entry

—p|  Dataset 1

Dataset 2

\ 4

»|  Dataset 1

@

—»| Dataset 3

%OAK RIDGE
Nat
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»| Dataset 2

Ca

Dataset 3

Dataset 2
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3. & When pollis active, respond at PollEv.com/moltensaltworkshop022

MSTDB—TP EXpQﬂSiQn Efforfs % Text MOLTENSALTWORKSHOP022 to +33 6 44 60 09 54 once to join
« New Salts:
— New salts and relevant compositions are identified in literature and
added

 New properties:

— Surface Tension data is being processed and planned to be added to
the database

e Filling In the gaps:

— Datasets for existing systems are currently being processed to fill in the
gaps in the database

- Modeling and estimation will play a major role

« We need your input!

%OAK RIDGE
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Saline: An APl for MSTDB-TP & Text MOLTENSALTWORKSHOP022 to +33 6 44 60 09 54 once to join

« The goal of Saline is to provide an independent interface between MSTDP-TP data and a user’s
code. (Safety calculations, simulations, machine learning.. etc.)

« Saline contains a list of functions to obtain supported properties in MSTDB-TP (density, viscosity, heat
capacity, and thermal conductivity)

- Can be extended to additional data models without affecting client codes

 Developed to provide estimations in the absence of experimental data through Riedlich-Kister
approximations, and ideal mixing.

 Developed in C++ but can be flexible with supported code architectures (SWIG)

o Saline is open source (BSD-3)

Data Data_Store
* MSTDB-TP e Provides Data Abstraction

Thermophysical

Properties
*Client interface

°...¢ *Implements experimental models

%OAK RIDGE
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GUI Demonstration
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