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Overcoming Challenges in Developing a High-Temperature 
Reference Electrode for Molten Fluoride Salts 
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Outline:
1) Introduction to molten salts and high-temperature reference electrodes (HTREs)
2) Challenges: Material compatibility, membrane robustness, design for manufacturing and assembly 

(DFMA), and safety considerations
3) Solutions: New HTRE taper seal and DIY kit designs
4) Summary, lessons learned, and future efforts 
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Uses and Importance of Molten Salts

• Radiation resistant with stable operating temperature range from about 
400 to 800oC

• Molten salt mixtures can be tailored to achieve desired properties: 
liquidus temperature, reactivity, vapor pressure, etc. and  can dissolve 
fissile and fertile actinides

• Several applications for nuclear energy and fuel cycle technology
– Pyroprocessing of spent nuclear fuel
– Liquid fuel/coolant for molten salt reactors
– Tritium breeding blankets for sustainable fusion systems

• Electrochemical methods for separations, corrosion control, and real-
time composition monitoring are enabled by HTREs in MS 
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Fluoride HTMS Challenges
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 Mullite, quartz, and alumina membranes used for chloride melts are not compatible with FLiNaK
 Nickel membranes are compatible, but thermal expansion of FLiNaK during freeze/thaw cycles ruptured 

thin porous metal membranes driving requirement for additional membrane mechanical support
 Processes for fabricating controlled-porosity metal membranes are difficult with long lead times
 Safety requirements for building and shipping HTREs containing Be and radioactive materials

Mullite tube images before/after 
500-hours corrosion test at 750°C in FLiNaK  

End-View XRCT Images of HTRE Number N02 
After Testing in FLiNaK at INL at 664 °C

Before

After



ORNL MSR Lightning Presentation   11/06/2024

New Robust Taper Seal Membrane for HTREs
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 Designed & developed DFMA process taper seal for robust controlled leak rate 
HTRE membranes

 Characterized leak rates via XRCT, helium leak rate, and conductivity breakthrough
 Incorporating into new smaller diameter (1/4” OD x 18“) Ni/NiF2 HTREs for 

electrochemical testing and characterization in FLiNaK and FLiNaZr

Taper Seal Design 

Comparison of Taper Seal Leak Rates for Gas and Liquid Media

Conductivity Breakthrough 
Experimental Setup

XRCT Image Taper Seal 
Subassembly

RTXR Image of Taper Seal 
Subassembly
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DIY Kit Enables Researchers To Add Salts of Interest To HTREs
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 Designed and developed a do-it-yourself (DIY) HTRE kit  for 
working with Be and radioactive materials

 HiFunda provides the DIY kit
 End user adds salt as powder or preforms to complete final 

assembly
 Looking for VOC inputs regarding DIY HTRE kit (See Survey)

3D-Printed Rendering of DIY HTRE X-section 

Slide salt preforms onto 
the reference wire

Insert reference wire 
and salt into the 
housing tube

Tighten 
swage nut
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Summary, Lessons Learned, and Future Efforts
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• Summary:
1) Developed new robust taper seal membrane and DIY kit for HTREs 
2) HTREs can be customized for your applications (Please see HTRE brochure)
3) Performed chemical compatibility tests of HTRE materials in FLiNaK up to 750°C

• Lessons Learned:
1) Iterate rapidly and often per iterative design process
2) Build and test prototypes of new proposed designs and subassemblies
3) Pay attention to chemical compatibility and freeze-thaw properties of HTMS 
4) Leverage voice-of-customer (VOC) inputs on DIY HTREs (Please see VOC input survey)
5) Leverage state (UTMMG) and federal resources

• Future Efforts:
1) Perform short and long-term testing and characterization of DIY HTREs with taper seal membrane
2) Testing in FLiNaZr and uranium at the UofU 
3) Testing in FLiNaK at ACU in crucibles and flow loop
4) Building upon HTRE platform technology by adding an O2 sense electrode
 as part of existing Phase I SBIR project, “In Situ Electrochemical Sensor 
 for Oxygen Determination in HTMS” DE-SC0025051 
 See Carlos Mejia’s (BYU) companion poster

Phase I 
proof of concept 

POC-HTREs

Phase II 
Prototype

HTREs

Phase IIB 
Precommercial

HTREs

Commercial
HTREs

3D-Printed Rendering of DIY HTRE X-section 
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VOC Survey Regarding DIY HTRE Kit
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1) Are you interested in a do-it-yourself (DIY) HTRE kit  for working with Be and/or radioactive materials?
2) If yes, what are your salts of interest?
3) Are you comfortable pouring your salt into a 0.19” ID tube in a glovebox? And then inserting 

thermocouple into melted powder with associated assembly issues?
4) Would you prefer that we provide a mold for DIY casting or hot pressing MS pellets with center hole?
5) Are you interested in an in situ electrochemical oxygen sensor?
6) Other comments: _______________________________
7) Name: ________________________________________
8) Email: _________________________________________

Slide salt preforms onto 
the reference wire

Insert reference wire 
and salt into the 
housing tube

Tighten 
swage nut
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High-Temperature Reference Electrodes (HTRE) for Molten Salts

• Known, fixed, thermodynamic reference potential is 
critical for HTMS electrochemical analyses and sensors

• HTREs consist of 3 essential components
1) Metallic reference conductor (Ni)
2) Reference molten salt mixture (NiF2/FLiNaK)
3) Ion conductive membrane (Controlled porosity Ni)

• HiFunda’s HTREs have 3-fold functionality:
1) Stable thermodynamic reference potential
2) Integral temperature sensor
3) Redox sensor 

• Materials challenges for HTRE components in fluorides
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