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Solvoacidity is a measure of a 

melt’s degree of dissociation. 

Fluoroacidity

Crystalline 

2LiF-BeF2 [1]

2LiF-BeF2 at 

700ºC [2]
[1] Lam, Stephen T., et al. "Modeling LiF and FLiBe molten 

salts with robust neural network interatomic 

potential." ACSApplMatInterf (2021) 

[2] Winner, Nicholas, et al. "Ab-initio simulation studies of 

chromium solvation in molten fluoride salts." JMolecLiq (2021)
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Acidity, redox, and salt structure 

are related.    

Acid/base  
properties

Redox 
potential

Coordination 
chemistry

• Corrosivity

• Structure

• Resulting 
chemistry

Be2+ + 4F-
→ BeF4

2-[3] Baes Jr., "A polymer model for 

BeF2 and SiO2 melts." JSSChem

(1970)

[4] Olander, D. "Redox condition in 

molten fluoride salts: Definition 

and control." JNucMat (2002)

fluorine potential; 

p is partial pressure [4]

[3]
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The current understanding: melts of 

higher basicity favor oxidation. 

• Since the oxidized form is (charge) stabilized by the 

electron pair offered by the base [5]

[5] Osteryoung, R. A. Characterization 
of Solutes in Nonaqueous Solvents. Ed. 
Gleb Mamantov. 1978.
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The corrosivity of basic melts 

was demonstrated in the MSRE. 

[6] ORNL 2106, pg 98 

more fluorobasic more fluoroacidic

ΔT thermodynamic driver of Inconel 
for corrosion is ~12x higher for 

fluorobasic melt 
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AIMD study modeled melts of 

various pFs and how they solvate Cr. 

• 2KF-NaF

• 2LiF-BeF2

• 3LiF-AlF3

• With & without 

Cr0, Cr2+, Cr3+

Medium-range structure

(3LiF-AlF3 with Cr0)
Classifying F-

(2LiF-BeF2 with Cr2+)

[2] Winner, Nicholas, et al. "Ab-initio 
simulation studies of chromium solvation in 
molten fluoride salts." J Molec Liq (2021)
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The mechanism of Cr solvation 

is affected by pF.

Relevant for 
2LiF-BeF2 &

3LiF-AlF3

Short-range 
order
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pF depends on characterization 

of acidic or basic behavior. 

dissociated F-

bridging F-

under-coordinated 
cation

According to 
dsF, 3LiF-AlF3 
is more basic

According to 
brF+ucC, 

3LiF-AlF3 is 
more acidic

High brF and/or capacity for 
undercoordination (multiple CNs) →

acid/base buffering capacity

Ability to produce dsF in response 
to consumption of dsF by 

solvation of Cr cation
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Experimental studies to probe how 

diffusivity changes with pF: 
• Measurement of diffusivity of Cr2+, Cr3+ electrochemically and 

changes with oxidation state, temperature, prev studies

Cr3+ expected to 

diffuse more 

slowly (forms 

stronger 

associates). 

Possible stronger 

influence of pF on 

D(Cr3+) since it is 

more likely 

solvated by dsF. 

Molten 2KF-NaF in the furnace with 
electrodes

[7] Nam, H. O., et al. "First-principles molecular 

dynamics modeling of the molten fluoride salt with Cr 

solute." JNucMat (2014)

[7]



• Chromium in various oxidation states can incorporate 
into the polymer network of acidic molten salts.

• Higher activity of F- is not necessary to stabilize 

corrosion products.

• Acid-base buffering capacity: 

• is a melt’s ability to produce dsF in response to 

consumption of dsF by a (chromium) cation. 

• is determined by brF and ucC.

• describes the likelihood of pF to change, which is 

relevant to corrosivity. 

In summary, 
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In summary, 

Questions? 


