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2017 – Two DOE Workshops have paved the way….
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– Understanding and controlling chemistry and 
properties during operation

– Sensors to monitor salt conditions
– Proliferation risk
– Chemical processing and materials recovery
– Corrosion resistant materials

Enabling the Design of Revolutionary Molten 
Salt Reactors

“How can we characterize and predict the structure, dynamics, and 
energetics of molten salts-including an evolving chemical composition 
across length and time scales?”
- Basic Research Needs for Future of Nuclear Energy (2017)



Five Years later in 2022 …
Accelerating Advanced Reactor Demonstration & Deployment

Adapted From Dr. Shannon Bragg-Sitton, INL – GIF webinar presented on 19 April 2022 “ Role of Nuclear Energy in decreasing CO2 Emission”



MSR Program Goals and Objectives
Mission: Develop the technological foundations to enable MSRs for 
safe and economical operations while maintaining a high level of 
proliferation resistance.
1) MSRs can provide a substantial portion of the energy needed for 

the US to achieve net zero carbon emissions by 2050 and
2) There is a need for an abundant energy worldwide for the 

foreseeable future.

Salt Chemistry

Determination of the 
Thermophysical and 
Thermochemical 
Properties of Molten 
Salts –
Experimentally and 
Computationally

Technology 
Development and 
Demonstration –

Radionuclide Release
Radionuclide Release 
Monitoring, Sensors & 
Instrumentation, Liquid 

Salt Test Loop, ACU 
(first university-based 
molten salt research 
reactor) and MCRE

Advanced Materials

Development of materials 
surveillance technology
Gaphite/Salt Interaction 

and support graphite code 
and standards activities

De-risk the transition from 
316H to higher 

performance alloy 709

Mo precipitates in Hastelloy N 

Vision: The DOE-NE MSR campaign serves as the hub for efficiently and 
effectively addressing, in partnership with other stakeholders, the 
technology challenges for MSRs to enter the commercial market.

Modeling
Integral system 

analysis to 
characterize the 
magnitude and 
composition of 

radionuclide transport 
from a molten salt to 

different regions of an 
operating MSR plant.

MSR 
Radioisotopes

Developing new 
technologies to 

separate 
radioisotopes of 
interest to the 

MSR community

International 
Activities



Strategic Organizations Engagement



Thermophysical Properties of Molten Salts
Property

Phase Transition
Temperatures

Differential 
Scanning 

Calorimeter

Heat Capacity DSC (Ratio and 
Modulated
techniques

Drop Calorimeter

Solubility of FPs Saturation 
Method 

Press. Drop 
Method

Vapor Pressure Transpiration TGA/DTA

Density / Volume 
Expansion
Coefficients

Hydrostatic
Method

X-ray dilatometer Neutron 
Radiography

Pycnometer Push Rod 
Dilatometry

Viscosity Rotating Spindle X-ray Falling Ball Dynamic 
Neutron

Radiography

Rheometer

Thermal 
Conductivity/ 
Diffusivity

Laser Flash 
Analysis

Variable Gap

Emissivity Pyrometer

Surface Tension Hydrostatic
Method 

Contact Angle

Enthalpy of 
Fusion

DSC Drop Calorimeter

Melting Point DSC Thermomechanic
al Analysis



Molten Salt Thermal Properties Database 



Technology Development and  Demonstration
Multi-faceted approach to investigation of technologies for MSR off-gas systems



Liquid Salt Test Loop (LSTL) for Sensors Testing 

Testing - STEP 1 LSTL
Testing - STEP 2 MSRR

Testing - STEP 3 FOAK MSR



Modeling and Simulation 
MSR SPECIES TRACKING ANALYSIS USING MELCOR AND NEAMS TOOLS 

• Support MSR campaign missions 
through MELCOR modeling and analysis

• Identify and collaboratively resolve MSR 
mechanistic source term knowledge 
gaps

• Develop engineering level models for 
mechanistic source term capability gaps

• NEAMS toolkit used to accurately resolve 
multiphysics analysis in MSRs for gaseous 
speciation and corrosion of structural materials due 
to thermochemical changes in the fuel-salt. 



Advanced Materials

Salt and Materials 
Interaction 
Supporting MSR development by 
studying 316H flowing salt 
compatibility at high 
temperature (off-normal)

Graphite-Salt Study
Study of salt intrusion in 
graphite and chemical 
interactions that may affect 
graphite’s structural or physical 
properties 

Development of Test Articles 
for Surrogate Materials 
Surveillance 



FY22 IRP Awards funded MSR Relevant Projects

Two IRPs - MRWFD and NEAMS

https://nrl.mit.edu/announcements/2022/CINR-FY22-awards

IRP NSUF - Integrated Effects of Irradiation 
and Flibe Salt on Fuel Pebble and Structural 
Graphite Materials for Molten Salt Reactors
PI: Gabriel Meric, Chong Chen, Kevin Chan, Kairos Power; 
Collaborators: Gordon Kohse (MIT-NRL), Lin-Wen Hu (MIT-NRL), 
David Carpenter (MIT-NRL)  - The project’s scope is to 
investigate the neutron irradiation response of F-Li-Be (Flibe) 
molten salt/graphite and Flibe/fuel carbon matrix systems with 
a focus on irradiation-affected salt infiltration and its potential 
effect on graphite/carbon matrix microstructure under 
irradiation

https://neup.inl.gov/SitePages/FY22_IRP_Awards.aspx

• Four NEUPs
A Molten Salt Community Framework for  Predictive Modeling of Critical Characteristics, 
PI: Zi-Kui Liu – Pennsylvania State University (PSU), NEUP FC1.2
Understanding the Interfacial Structure of the Molten Chloride Salts by in-situ 
Electrocapillarity and Resonant Soft X-ray Scattering (RSoXS), PI: Feifei Shi-The 
Pennsylvania State University, Nuclear Material Accountancy During Disposal and 
Reprocessing of Molten Salt Reactor Fuel Salts, PI: Stephen Raiman - Texas A&M University, 
NEUP FC-3
Optical Basicity Determination of Molten Fluoride Salts and its Influence on Structural 
Material Corrosion, PI: Yafei Wang, University of Wisconsin-Madison, NEUP

FY22 SciDAC Award

https://nrl.mit.edu/announcements/2022/CINR-FY22-awards
https://neup.inl.gov/FY22%20Abstracts/IRP-22-27674_TechnicalAbstract_2022CFASummaryAbstractIRP-22-27674.pdf
https://neup.inl.gov/FY22%20Abstracts/CFA-22-26646_TechnicalAbstract_2022CFATechnicalAbstract22-26646.pdf
https://neup.inl.gov/SitePages/FY22_IRP_Awards.aspx


Conclusion

Reduced Budget Impacts  the MSR program:
• Minimum scope of work activities
• Some research on stand-by or survival mode 
• Potential loss of workforce and decrease visibility 

in the national and international arena
• Could delay the development and deployment of 

MSRs in the U.S.
• Loss of influence and presence in MSR 

international community

Several  programs in DOE- NE are working on MSRs 
and leveraging from each other: ARS, NEAMS, 
MRWFD

Without any additional support and commitment, the 
US is not competing in international deployment. 

https://www.world-nuclear-news.org/Articles/Chinese-molten-salt-reactor-cleared-for-start-up



Thank you

Patricia.Paviet@pnnl.gov
509-372-5983
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