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Optimized Chemistry Control of Fuel Salt

CORE
H
X

salt processing/
corrosion control WASTE

UCl3 or UF3 and PuCl3 or PuF3

UCl3/PuCl3
Or
UF3/PuF3

X(U, Pu)

E(OCP)

Objectives:
• Control fissile inventory
• Minimize salt waste volume 

and radiotoxicity
• Prevent corrosion (starts with 

measuring redox potential)



Reactions that increase Redox Potential

𝐻𝐻2𝑂𝑂 + 2𝐶𝐶𝑙𝑙− → 2𝐻𝐻𝐻𝐻𝐻𝐻 + 𝑂𝑂2−

𝐻𝐻2𝑂𝑂 + 𝐶𝐶𝑙𝑙− → 𝐻𝐻𝐻𝐻𝐻𝐻 + 𝑂𝑂𝑂𝑂−

𝐻𝐻2𝑂𝑂 + 2𝐹𝐹− → 2HF + 𝑂𝑂2−

𝐻𝐻2𝑂𝑂 + 𝐹𝐹− → HF + 𝑂𝑂𝑂𝑂−

Hydrolysis

HCl/HF can cause oxidation or increase salt redox potential 

𝑈𝑈𝐶𝐶𝐶𝐶3 + 𝑛𝑛 → 𝑀𝑀𝐶𝐶𝐶𝐶𝑥𝑥 + 𝑦𝑦𝐶𝐶𝐶𝐶2

Salt Irradiation
6𝐿𝐿𝐿𝐿𝐿𝐿 + 𝑛𝑛 → 4𝐻𝐻𝐻𝐻 + 𝑇𝑇𝑇𝑇

𝑈𝑈𝐹𝐹4 + 𝑛𝑛 → 𝑀𝑀𝐹𝐹𝑥𝑥 + 𝑦𝑦𝐹𝐹2

HF/TF, F2, and Cl2 are all corrosive towards metals



Redox Buffer Options

Increasing
resistance
to corrosion

Structure

Fuel

Base salt

Chloride Series

These are our options

Zn + 2HCl = ZnCl2 + H2
Zr + 4HCl = ZrCl4 + 2H2
Mn + 2HCl = MnCl2 + H2
Ti + 2HCl = TiCl2 + H2

We also need a continuous,
real time sensor to measure
redox potential



Proposed Technology for MCFR

ZRA/potentiostat

structural
alloy

sacrificial
anode

reference
electrode

e-

e-

𝑍𝑍𝑍𝑍 → 𝑍𝑍𝑟𝑟4+ + 4𝑒𝑒−

4𝑒𝑒− + 4
𝑛𝑛
𝑀𝑀𝑛𝑛+ → 𝑀𝑀

Buffer and measure 
the redox potential, 
while measuring rate 
of corrosion of anode.

OCP ZRA
current

Zr

𝐸𝐸𝑒𝑒𝑒𝑒 = 𝐸𝐸𝑍𝑍𝑍𝑍𝑍𝑍𝑙𝑙4
𝑜𝑜 +

𝑅𝑅𝑅𝑅
4𝐹𝐹

𝑙𝑙𝑙𝑙 𝑎𝑎𝑍𝑍𝑍𝑍𝑍𝑍𝑙𝑙4



Zr + 2NiCl2 = ZrCl4 + 2Ni Spontaneous

Zr = Zr4+ + 4e- (Zr rod)

2Ni2+ + 4e- = 2Ni (SS crucible)
Galvanic Coupling

Key Components:

• zero-resistance ammeter (ZRA) to measure rate of Zr 
oxidation

• Stable thermodynamic reference electrode

Redox Buffering Versus NiCl2

e-



ZRA Experimental Setup

• ZRA test setup
– NaCl-CaCl2-UCl3 (5.5 wt% U)
– Galvanic coupling between Zr 

rod and SS crucible
– Ag/AgCl RE encased in mullite
– T = 600oC
– Gamry Reference 600+ 

potentiostat
• Inert Ar glovebox 

– (<10 ppm O2/H2O)
• NiCl2 added to spike redox 

potential

Hamilton et. al. JRNC 2022.



ZRA Test  with NiCl2 added pre-melt
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Positive current corresponds to Zr oxidation, since it was connected as the WE.

Hamilton et. al. JRNC 2022.
A: Insertion of Zr rod (WE), B: attempted addition of NiCl2



ZRA Test with In-Situ NiCl2 Addition
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A: Insertion of Zr rod (CE), B: 1st addition of NiCl2, C: 2nd addition of NiCl2

Negative current corresponds to Zr (CE) oxidation

Hamilton et. al. JRNC 2022.



What about using U metal as the anode?
𝑈𝑈 → 𝑈𝑈3+ + 3𝑒𝑒−

𝐹𝐹𝑒𝑒2+ + 2𝑒𝑒− → 𝐹𝐹𝐹𝐹

Yankey, Chamberlain, and Simpson  2023 (in prep)

Started with LiCl-KCl-FeCl2 (4.8 wt%)
Ended with LiCl-KCl-UCl3 (5.2 wt% U, 0.1 
wt% Fe)

Could not measure galvanic corrosion
current in this setup.



Chloride Reference Electrodes
MgO 

Mullite 
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Choi et. al. MARC-XII (2022)







Summary
• Redox buffer using Zr or

U metal
• Twin electrochemical

measurements (OCP & ZRA)
• Tested successfully using

oxidants NiCl2 and FeCl2
• RE’s made of mullite and low

density MgO exhibit excellent
stability in Cl-salts

• HiFunda is working on a F-
compatible RE

Zr or U

Further Work Needed:
• Test with better surrogate Cl-salts
• Test with more oxidants
• Test with F-salts with new RE’s
• Compare Zr/U to inert WE materials
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