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Overview of MSD

e The Molten Salt Database-

Thermochemical (MSD-TC) and Molten
Salt Database-Thermophysical (MSD-TP)
are available via the ORNL/ITSD Gitlab
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MSD-TP 4.0 Overview

« As per the current version release (4.0) There are 976 entries
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« Newest version contains surface tension data
« MSD-TP is driven by a roadmap laid out in 2020: ORNL/SPR-

2020/1865

* In blue: literature entries using LLM's (Zhang, Glezakou)
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KF LiF NaF ZrF, UF4 AlCls  KCl NaCl Lcl  MgCl UCls  UCl,  PuCls
Version: 1.0 3.1 4.0
Release Date: FeIJ-21 Mar- 22 Dec- 22 Mar- 24 Dec-24 Oct-25
Number of Entries: |] 62 I:| 273 199 |
RK Binary System Characterizations: 0
Saline Integration of RK Density: No No Yes Yes
Saline Integration of RK Viscosity: No No No No Yes Yes
Number of Properties Considered: 4 4 4 4 4 B
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Quaternaries
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https://info.ornl.gov/sites/publications/Files/Pub150500.pdf
https://info.ornl.gov/sites/publications/Files/Pub150500.pdf
https://info.ornl.gov/sites/publications/Files/Pub150500.pdf

Data Selection Estimation

[ J Al ~ Enter Search Term Enter Temperature (K) Remove Selected Entry
Interfaces: Saline S ——
L , NaCl-NaF Salt Name ucl3 NaCl NaCl-uci3
NaCl-Pucl3 Composition (Mol%) |[1.0] [1.0] [0.596, 0.404]
G U I Tl Melting Temp. () [11140 107358 8070
NaCl-UCI3-Ucl4 Boiling Temp. (K) 2000.0 1715.0
Nacl-Uclz Measured Range p (K)| 1116.0-1300.0|1076.2-1303.2|863.0-1300.0

[0.1,0.9]
[0.2,0.8]
[03,07]
[04, 0.6]

* Saline is a stable c++ API with a python

[0.667, 0.333]

wrapper available. Implemented in e o208
MOOSE as an object.

* l|deal for code integration, accessing data
rapidly

p (g/cm3) -
Measured Range p (K)|1128.0-1278.0|1083.2-1203.2(888.0-1254.0
W (mN*s/m2) - -—- -

Measure Range kK (K) |-—- 1170.0-1441.0|-—-
K (W/mK) -

Cp (J/K mol) - -—-
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cp (mJ/K mol)
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 GUI can be downloaded as a .exe file

MNaCI[1.0] UcCIz[1.0]

MNaCl-UCI3[0.596, 0.404] : NaClI[1.0] - MNaCI[1.0]

L Predictive models are Outputted over ra nges ’ 900 1000 1100 1200 1300 900 1000 1100 1200 200 1300 1400 -04 -0.2 0 0.2
o . . . Temperature (K) Temperature (K) Temperature (K) Temperature (K)

deemed valid via thermochimica-generated look-
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Bridging the gaps; a multifaceted solution |-
* Several gapstofillin the database; how do we address this? iﬁ:m
* Multifaceted approach to solving this going forward: =
= 20

* Traditional solution models (such as RK) to interpolate and extrapolate [1]
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* Transfer Learning with ML [2]

NaF

* Direct calculation with MD [3,4] 4l e
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*  Experimental and theoretical collaboration through the MSR program [5]
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* Othertheoretical approaches (such as kinetic theory) N
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A note on uncertainty

MSD-TP currently contains experimental data, with the plan to integrate MD-generated data in the next

iteration

For experimental uncertainties, sometimes the uncertainties are well characterized
However, sometimes data is provided without error bars; then we rely on conservative assumptions
As we integrate MD data, we are working with experts in NEAMS to establish a strategy

* Data quality assessments will help in this effort

LiF Surface Tension Correlation with 20 Uncertainty Band
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yur [dyn/ecm] = A - B*T[K]
A =378.94 +/- 235
B =0.121 +/- 0.017

General observation: Uncertainty quantification relies on statistical methods, hence large, well-

curated datasets are required [2]

 Computed data with well-validated models can fill these gaps

[2] Zhang, Rousseau, Glezakou ACS Catal., 14(10), pp.8073-8086
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[1] Chesser et al. “Molten Salt Surface Tension -
Methods and Correlations”. Under review
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e/ e G
Thermal Conductivity Modeling

* The lack of experimental thermal conductivity data necessitates a more theoretical model
* We have shown that a kinetic theory provide accurate data for actinides
* Existing frameworks underpredict thermal conductivity

This modeling approach relies on characterizing phonon transport

In some cases, where MD data is sufficient, phonon transport can be characterized by PDFs

.. : Structural Coherence Model (tied to PDFs)
Kinetic Theory Model (purely theoretical) Energy Carier Disruption
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[1] ORNL/TM-2025/4159

[2] Numbers et al. “Structural Coherence Model for Predicting Molten Salt Thermal Conductivity
Informed by the Pair Distribution Function.” Under Review.
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Questions?
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Email: birriah@ornl.gov
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