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ARTICLE INFO ABSTRACT

Keywords: In this work, EIS was applied to characterize the temporal recovery of uranium from UCl4 onto a tungsten

ACﬁ“‘ide electrode in molten LiCl-KCl salt between sets of pulse reverse-pulse (PRP) deposition steps. Impedance mea-

Eranli“m surements were fitted to an equivalent circuit (EC) model of the electrode interface using Simplex optimization to
anthanum

calculate the double layer capacitance, charge transfer resistance, Warburg impedance, and CPE-restricted
diffusion. Diffusion of uranium towards the electrode surface dominated the surface interactions for the first
80 cycles, followed by a transition to kinetic control for the remaining 520 cycles. A decrease in the Warburg
impedance showed depletion of uranium from the bulk melt, which was confirmed to be a 52.5% reduction
through ICP-OES. Reduction in the phasance from CPE-restricted diffusion suggested the formation of pores in

Electrochemical impedance spectroscopy
Molten salt
LiCl-KCl

the uranium deposits, which was confirmed through SEM characterization.

1. Introduction

Treatment of spent nuclear fuels in molten salts was first demon-
strated during the pilot-scale EBR-II experiments in the 1990 s.[1-3]
Spent metal fuel was electrorefined for separation of metallic uranium
from fuel cladding materials, fuel waste products, and leftover salt
wastes. Uranium was recovered into a product stream while the waste
products were isolated and fixed into glass-bonded sodalite ceramic. The
separation of actinides from other unwanted fission products in the fuel
waste is an integral part of the electrorefining process for recycling
unused uranium back into fuel for nuclear reactors.

Exploration of numerous methods to electrochemically recover ac-
tinides during their separation from unwanted fission products is
ongoing. These methods include exhaustive electrolysis through the
continuous deposition of actinides onto inert electrodes,[4-10] solid
reactive cathodes,[8,11-17] or liquid cathodes,[18-22] pulsed deposi-
tion aimed at reducing the formation of uranium dendrites,[10,23] and
galvanic replacement of sacrificial metallic species with uranium.
[15,24-26] Any of these methods may contribute to improving or
complementing the actinide drawdown process during electrorefining.
[27].

An area of interest regarding actinide drawdown is the optimization
and characterization of uranium deposition. A plethora of tools exist in
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aqueous electrochemistry to probe the deposition characteristics of
electroactive species onto solid electrodes, including electrochemical
scanning tunneling microscopy (EC-STM),[28-33] electrochemical
atomic force microscopy (EC-AFM),[30,33-36] electrochemical quartz
crystal microbalance (EQCM),[30,37] and electrochemical impedance
spectroscopy (EIS).[38-41] Unfortunately, many of these techniques
cannot be applied similarly in molten salt electrolytes due to the very
high temperatures and high corrosivity of the salt melts. An exception is
EIS, which only requires an existing three- or four-electrode setup with a
potentiostat already used for electrochemical measurements in molten
salts.

EIS is a surface-sensitive, non-destructive technique used to analyze
interfacial phenomena occurring on a surface that is in contact with a
liquid electrolyte. A small perturbation is applied to a working electrode
around a specific potential or current to measure the complex imped-
ance response from the resulting reduction or oxidation reactions on or
near the electrode surface. In molten salts, EIS has been applied to study
the redox characteristics of uranium ions on solid electrodes [42-46]
and liquid electrodes [46-47] during deposition.

In this work, the impedance of uranium deposition onto a tungsten
working electrode was measured with potentiostatic-EIS (P-EIS) be-
tween sets of pulse reverse-pulse (PRP) deposition steps. Lanthanum was
first deposited onto the working electrode in a very short applied
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cathodic pulse, after which it was stripped off and replaced by uranium
during a much longer applied anodic pulse. This process was then
continuously repeated to deposit additional uranium onto the electrode.
PRP was used to avoid the formation of uranium dendrites on the sur-
face, to take advantage of galvanic replacement observed in previous
work,[26] and to avoid the corrosion of deposited uranium already on
the electrode surface at potentials that were equal to or more anodic
than uranium’s oxidation potential. Simplex optimization was utilized
to fit impedance data measured from P-EIS to an equivalent circuit (EC)
model that was representative of kinetic and diffusive phenomena
occurring at the electrode surface during uranium deposition.

2. Experimental

All experiments were performed in a nitrogen-atmosphere glovebox
where the oxygen concentration was maintained below 1 ppm. Inside of
the glovebox was a Kerr-lab electric melt furnace that had been modified
to allow for vertical insertion of electrodes through the top of the lid and
for manipulation of the lid while at operating temperature.

An image of the furnace inside of the glovebox is shown in Fig. 1(a).
To isolate the electrodes from the metallic components of the furnace
lid, 3 mm OD x 1.5 mm ID quartz tubes were inserted into three 2.9 mm
silicone holes at the top of the lid. This configuration allowed for manual
manipulation of each electrode during experimentation.

The electrochemical cell consisted of a 36 mm diameter, 43 mm long
glassy carbon crucible pictured in Fig. 1(b). The working electrode was a
1 mm diameter tungsten wire that was electrochemically polished by
immersing 4 cm of the wire into a 5 wt% NaOH aqueous solution and
applying an 8 V potential for 60 s to corrode the outer-most tungsten
layer. The counter electrode was a 3 mm diameter x 15 mm long
graphite rod with a 1 mm diameter tungsten wire inserted into a 1 mm
hole drilled at the top of the rod. The pseudo-reference electrode was a 1
mm Ag wire immersed within a 10 wt% AgCl-LiCl-KCI melt inside of a
graphite sheath. Full details on the preparation of this reference elec-
trode are detailed in previous work.[26].

Anhydrous LiCl-KCl eutectic (99.99%) and anhydrous LaCls (99.9%)
were purchased from Sigma-Aldrich. Details on UCl4 synthesis are pro-
vided in previous work [26,48] and was performed by Erik Reinhart
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from Dr. James Boncella’s research group in the Department of Chem-
istry in the College of Arts and Sciences from Washington State Uni-
versity. Electrochemical measurements were obtained and experiments
were performed using a Gamry Interface 1010E potentiostat.

The molten electrolyte was prepared by mixing 13 g of LiCl-KCl
eutectic with 1 wt% LaClz and 0.15 wt% UCl, into a solid mixture and
heating to 550 °C inside of the furnace. La was chosen as the sacrificial
metal for replacement with U during the reverse-pulse step because La
represents the different lanthanides that would be present in spent nu-
clear fuel due to the chemical and electrochemical similarities of the
lanthanides. Additionally, previous work has demonstrated that the
additional reduction step necessary to reduce UCly to metallic U does not
interfere with the recovery process [26].

After reaching temperature, the electrodes were lowered into the
molten electrolyte to a depth of 12 mm. The electrochemical cell was left
to equilibrate for 1 h and confirmed by measuring the open circuit po-
tential over 10 min.

A schematic of how PRP with EIS was performed through Gamry
Framework’s Sequence Wizard is provided in Fig. 2. The electrode was
electrochemically cleaned using chronoamperometry at 0 V for 30 s to
strip off any of the cathodic species that may have adhered to the sur-
face. The open circuit potential was then measured for 5 min to perform
EIS at 0 V vs OCP and measure the impedance of the bare tungsten wire
before PRP. PRP was then run for 20 cycles where each forward pulse
was at —2.5 V vs. Ag/AgCl for 30 ms followed by the reverse pulse at
—1.7 V vs. Ag/AgCl for 5 s. At the end of the 20th cycle, EIS was run at
—1.7 V vs. Ag/AgCl to measure the impedance of uranium deposition
onto the tungsten electrode. EIS was applied at —1.7 V vs. Ag/AgCl so
that U may continue depositing onto the tungsten electrode at this po-
tential for comparison with U deposition at different times during the
deposition process. This chosen potential was also sufficiently cathodic
enough to prevent U corrosion on the tungsten electrode.

3. Theory
3.1. Equivalent circuit models

Equivalent circuit (EC) models are circuit diagrams that are
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Fig. 1. Pictures of the (a) electric melt furnace and (b) electrochemical cell setup used during experimentation.
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Fig. 2. Flowsheet visualizing the process steps taken during experimentation.
Steps were ordered using Gamry Framework’s Sequence Wizard to automate
the potentiostat electrochemically cleaning the working electrode before
switching between depositing uranium with PRP and measuring the impedance
during deposition with EIS.

representative of a physical system present at the surface of an electrode.
A well-designed EC model was necessary to obtain a good fit with the
impedance data from EIS measurements, so it was important to include
all of the relevant physical phenomena that may occur at the surface of
an electrode during electrodeposition. A good starting model was the
modified Randle’s Cell EC model shown in Fig. 3. This model includes
the uncompensated resistance of the bulk solution between the reference
and working electrodes (Ry), the capacitance of the double layer that
forms between charged species at the surface of the electrode and
counter charges from the bulk solution (DLC), the resistance to charge
transfer from electrochemical reactions occurring at the electrode sur-
face (Rc), and the diffusion of charged species towards or away from the
electrode surface (Z,). If additional physical phenomena are known to
exist, it may be possible to add more parameters to the EC model to
better fit impedance data.

DLC WE

RE

Fig. 3. EC model of a modified Randle’s Cell.

Results in Chemistry 6 (2023) 101068

3.2. Phasance

A parameter included in Fig. 3 to represent double layer capacitance
is what is known as a constant phase element (CPE). CPEs are the circuit
elements for inductance, resistance, and capacitance where the phase
angle of the sinusoidal wave has been displaced and does not perfectly
equal 90°, 0°, and —90° respectively.[49] This displacement is known as
phasance. A summary of how inductance, resistance, and capacitance
are related to impedance and phasance is provided in Table 1.

Phasance has units of Q-s® where a is a dimensionless characteriza-
tion of the constant energy efficiency of the CPE given by the equation

a=2p/n (€8]

where ¢ is the phase angle displacement in radians. a = -1 represents
a perfect capacitor, 0 a perfect resistor, and 1 a perfect inductor. An
example of what this physically means would be the double layer be-
tween the surface of an electrode and a bulk electrolyte. For a double
layer to behave like a capacitor (-1), the charge distribution on the
electrode surface would consist of just positive or negative charges while
the bulk interface with the electrode surface would consist of only
opposite charges. However, this is not true, including with molten salts,
[50-54] where screening of the double layer has charges at the bulk
interface with the electrode surface that are imperfectly distributed
between negative and positive charges. Therefore, it is useful to think of
the CPE for the double layer as an “imperfect capacitor” where a is a
dimensionless characterization of that imperfection. Results from Sim-
plex optimization for CPE parameters used an inverted form of phasance
shown in Table 1 given by the equation

1
_ 2
Voo o) @

4. Results and discussion
4.1.PRP-EIS

A Bode plot of the EIS impedance spectra from PRP of La with U are
presented in Fig. 4. Kramers-Kronig analysis has been provided in Fig. S1
in the supplementary and a Nyquist diagram of the impedance spectra
has been provided in Fig. S2. The impedance of the bare tungsten wire at
the open circuit potential before starting PRP (pre-PRP) was included for
comparison with 100, 200, 300, 400, 500, and 600 PRP cycles. Tungsten
is an inert material in LiCl-KCl-LaCl3-UCly4 so La and U will not sponta-
neously adsorb to the electrode surface without the application of an
external potential. Therefore, the only two components typically
necessary to include in the equivalent circuit model are R, and DLC,
shown in Fig. 5(a). Without adsorption of La or U at the surface, either at
open circuit or with an external potential, the only physical phenomena

Table 1
Equations relating inductance, resistance, and capacitance with impedance and
phasance.

Circuit Element |Impedance Relation

Inductance (L) Z=L"'i"w
Resistance (R) Z =R
. 1
Capacitance (C) ZI=—
Ci-w
Phasance (Y) Z=Yy(iw)*
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Fig. 4. Bode plots measuring the (a) impedance of deposition of uranium onto the working electrode before PRP and then for every 100 cycles of PRP up to 600
cycles, (b) Kramers-Kronig fit verifying the relationship between the real and imaginary parts of the complex impedance function, and (c) Simplex fitting of the

impedance data using the EC model shown later in Fig. 5(b).

that would contribute to the measurable impedance would be the
resistance of the bulk molten salt itself and the double layer that forms
between the solid surface and liquid interface. However, for consistency
during fitting, the EC model in Fig. 5(b) was used to fit the pre-PRP data.
This provided a check to ensure that the tungsten wire was clean
following the chronoamperometry cleaning step and a control to
observe changes to the electrode surface following the first 20 PRP

cycles.

EIS was performed at the end of every 20th PRP cycle. Any surface
interactions observed are a result of deposition of U° through the
reduction reaction

UCl; +3e"—=U% +3C1~ 3)

or through reduction of U** to U*" ions near the electrode surface
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Fig. 5. EC models of (a) the working electrode surface before PRP deposition of
uranium and (b) the working electrode surface during deposition of uranium at
—1.7 Vag/agal after every 20 PRP cycles.

through the reaction

U +e U @

Impedance data from every 20th cycle of PRP was fit to the EC model
shown in Fig. 5(b) using Simplex optimization. This model retains Ry
and DLC but now also includes the kinetic (R.¢) and diffusion effects (Zy
and D) from equations (3) and (4). The kinetics are dependent on the
reaction rate of the two reactions in equations (3) and (4) at the elec-
trode surface while diffusion is broken up into two separate parameters.
The Warburg diffusion (Z,,) describes the diffusion of charged species to
or from the electrode surface while the CPE-restricted diffusion
parameter (D) represents impedance contributions from the porosity of
the uranium surface deposit that inhibits the diffusion of charge species.
[55] The inclusion of D, in the model assumes that charge transfer at the
interface between the deposited uranium and tungsten working elec-
trode is diffusion-limited and dependent on the porosity of the interfa-
cial geometry. The phasance of this CPE represents the porosity of the
interfacial geometry such that a phasance close to 0 implies greater
porosity of the interface, while a phasance close to 1 implies a smooth
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interface. The results from Simplex fitting the EC model in Fig. 5(b) to
the impedance data in Fig. 4 for DLC, R, Zw, and D, are presented in
Fig. 6 with error bars calculated using the Maximum Likelihood Esti-
mation method.[56].

In Fig. 6(a), the DLC followed a logarithmic trend where the DLC
increased from near zero after the first 20 cycles of PRP up to approxi-
mately 0.90 mS/s*!, where al is the phasance of the DLC. This behavior
was expected as it was hypothesized that the DLC increases steadily over
time as more uranium is deposited onto the surface of the electrode,
increasing the effective electroactive surface area and, by extension, the
total surface of the double layer. The phasance does not follow the same
trend as the DLC, however. After decreasing from 1 after 200 cycles, the
phasance remains stable at around 0.80. This is likely related to the total
surface coverage of uranium as there are less and less exposed tungsten
sites for uranium to deposit onto.

R in Fig. 6(b) showed interesting behavior. Initially starting at
around 0.15 Q, the R increased to over 0.45 Q by 100 cycles. After the
peak, R declined over the remaining 500 cycles and never reached a
stable value by the end of the experiment. R, is inversely proportional to
the Butler-Volmer equation, which implied that increases to R results
in a decrease of the kinetic activity at the surface of the electrode.

In Fig. 5(d), Z, increased to 24.25 mS/s%° by 60 PRP cycles as more
and more U%* and U*" from the bulk LKE melt accumulated near the
electrode, reduced, and then deposited onto the surface. However, by 80
cycles Z, started to decrease over the next 100 cycles to around 3.58
mS/s%® where it remained approximately the same for the remaining
440 cycles. As uranium was depleted from the system, it was expected
that the number of uranium ions migrating towards the surface of the
electrode will decrease over time until reaching an equilibrium. At this
equilibrium it is difficult to increase the number of uranium ions
migrating towards the surface without cathodically increasing the
applied reverse-pulse potential.

Rt and Z, are indications of which mechanism was dominating the
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Fig. 6. Results from Simplex fitting measured impedance data for (a) the double layer capacitance, (b) charge transfer resistance, (c) diffusion capacitance, and (d)

Warburg diffusion.
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impedance response at the surface. Diffusion of charged species towards
the electrode controlled the impedance response at the electrode surface
for the first 200 cycles, confirming the migration of U ions from the bulk
towards the electrode. Following 200 cycles, both Z,, and R decreased,
showing a transition from diffusion control to kinetic control as the
concentration of U ions near the surface increases.

D, in Fig. 6(c) also showed interesting behavior. For the first 100 PRP
cycles, D, remained around 23.7 pS/s*12 with a phasance between 0.9
and 1. D, then increased linearly over the remaining 500 cycles while
the phasance decreased to around 0.8 by cycle 200 and then remained
constant for the remaining cycles. The phasance shows a change in the
interfacial morphology between the uranium deposit and electrode
surface, where the increased roughness contributed to, but did not
necessarily correlate with, an increase in the capacitance. The increasing
capacitance could be related to the increasing interfacial surface area
between the uranium deposit and electrode surface.

4.2. SEM-EDS analysis of the uranium surface deposits

Following uranium deposition using PRP onto the tungsten elec-
trode, samples were imaged using an FEI Apreo VolumeScope SEM.
Samples were prepared in the same glovebox as PRP deposition to
minimize the total exposure to oxygen and water during transfer from
the sealed glass container used to carry samples from the glovebox to the
SEM chamber. Upon transfer from the glass container to the SEM

118E-3 P 533 x

1T1TE-3Pa 4000 =« 0B0mA 345 pn

Ar; 17.6 mm
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chamber, the samples were exposed to air at 50% humidity for less than
two minutes. EDS point analysis was included with SEM imaging using
an EDAX Octane Elect EDS system to characterize the atomic composi-
tion of the uranium deposits.

During EDS analysis of many sites across different electrode samples
it became apparent that there was significant oxidation of all uranium
deposits. Slight oxidation of the samples was expected during transfer
from the glass container to the SEM chamber, but the extent of oxidation
was consistent across all deposit locations. Due to the very dark color of
the tungsten electrode after uranium deposition while still in the glo-
vebox, it is hypothesized that uranium is reacting with trace oxygen
from the nitrogen atmosphere and trace water or oxygen found in the
reagents. This may be occurring either before or during deposition of
uranium onto the electrode, with uranium depositing as UO,. Oxidation
of uranium deposits is discussed further in section 4.3.

Selected images of uranium deposits on the surface of the tungsten
electrode are presented in Fig. 7. Many uranium deposit sites of varying
shapes and sizes were found on the electrode surfaces although it was
not determined what the thicknesses of these deposits were. SEM im-
aging alone could not provide an adequate quantitative characterization
of the deposit topology, but simple observation of uranium deposits
across the electrode appeared to be smooth in the SEM images. In
addition, deposited uranium formed small rectangular structures vary-
ing between 0.5 pm - 1 pm in size before coalescing into denser struc-
tures. These results are similar to those presented in previously

118E-3Pa 2000 =

€

17.6 mm 0.80nA 69.1 pm

I; 176 mm 11663 Pa 8000 x

Fig. 7. SEM images taken of (a) a single uranium deposit found on the surface of the electrode after PRP. Areas of (a) were further analyzed in more detail, including
elemental analysis with EDS, to characterize the deposit. (b) shows accumulation of highly oxidized uranium agglomerations that are 2 — 5 pm in diameter. (c) and
(d) also show different oxidized uranium sites within (a) that were more commonly found across the electrode as well as in previously published work.
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published images.[26].

Despite the smooth surface of the uranium deposits, the distribution
of uranium across the electrode was not found to be consistent or uni-
form. Deposits that were within 100 pm of each other were not shaped
similarly or connected to each other, creating locations on the surface of
the electrode where the total uranium deposition was denser than in
other areas. This deposition behavior supports the decrease in the
phasance of D, where the irregularity of the uranium deposits, even
when the deposits are within less than 1 pm of each other, decreases the
purely capacitive behavior at the surface. Meanwhile, as these deposits
increase in size across the electrode, the capacitance would also increase
due to the larger total interfacial area.

4.3. Oxidation of uranium deposits

Fig. 7(b) shows different structures of uranium compared to struc-
tures more commonly found across the deposits in Fig. 7(c) and 7(d).
EDS analysis of both sites was performed to compare the oxygen atomic
percentage and this showed that the uranium deposits in Fig. 7(b)
contained more oxygen than the deposits in Fig. 7(c) and 7(d). This may
be an indication of UO, and UO,, 4 depositing with distinct structures or
different deposition mechanisms.[57] Results are provided in Fig. S3
and S4 in the supplementary information.

Additionally, an orange or rusty-colored colored substance was
frequently observed to be floating on the upper surface of the salt melt
after it had cooled and solidified. This substance was determined to be
an insoluble, solid UO; phase after it was scraped off of the surface of the
solidified melt and analyzed using a Panalytical X’Pert PRO diffrac-
tometer held in the Institute of Materials Research at Washington State
University. Results from PXRD are provided in Fig. S5 in the
supplementary.

Previous work has shown that minor contamination of LiCl-KCI-UCly
melts with oxide ions results in the formation of uranyl species.[58-59]
Reagents purchased from Sigma-Aldrich are rated on a trace metals basis
so further processing and drying of the reagents before use in experi-
ments may reduce the oxygen available for uranium oxidation. Addi-
tionally, the decision to use UCl4 may be further complicating deposition
reactions where U** could react with dissolved oxygen to form UOs. The
use of a sacrificial metal such as AlCl3 to consume oxygen contamination
in molten LiCl-KCl may also prevent oxidation of uranium species.[60]
AlCl3 was not used in these experiments to avoid the formation of Al
intermetallic compounds with Li, La, and U and due to Al’s anodic redox
potential compared to U.[61-62].

4.4. Depletion of uranium from the bulk LiCI-KCl-LaCls-UCly melt

The concentration of uranium in the bulk LiCl-KCl-LaCl3-UCly
following PRP deposition was measured using an Agilent 5100 ICP-OES
equipped with an SPS4 autosampler. Samples were prepared by dis-
solving the 13.11 g chunk of the bulk solidified melt in 500 mL of 2%
HNOg. After dissolution, five separate samples were made by pipetting
10 mL of the bulk sample solution into 15 mL vials. Calibration curves
for lanthanum and uranium were produced by diluting % lanthanum

and % uranium standards purchased from Sigma Aldrich with 2%
HNOj3 to obtain linear fits for interpolation or extrapolation of the
measured elemental intensity with concentration. Calibration curves are
provided in Fig. S6 in the supplementary information.

The concentration of uranium in the 13.11 g bulk melt sample before
PRP for comparison after PRP was calculated to be 41.24 mg/L. The
concentration of uranium in the bulk melt after PRP was measured to be
20.02 mg/L and the current efficiency of U deposition during both PRP
and EIS was calculated to be 40.16%. It was unexpected that so much
uranium still remained in the melt after deposition through PRP. How-
ever, these results may be biased toward uranium remaining in the bulk
melt due to the formation of the UO, found floating on top of the melt
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after heating.
5. Conclusions

Electrochemical impedance spectroscopy was applied intermittently
to measure the impedance of uranium deposition onto the surface of a
tungsten electrode between pulse reverse-pulse deposition cycles.
Impedance measurements over 600 PRP cycles were fitted using Simplex
optimization to equivalent circuit models to calculate the double layer
capacitance, charge transfer resistance, Warburg diffusion, and CPE-
restricted diffusion. Growth of uranium deposits on the electrode was
confirmed due to increases in the double layer capacitance from near
zero to 0.90 mS/s?!. Warburg impedance from the diffusion of charged
species towards the electrode was observed to peak at around 24.25 mS/
s*5 by the first 60 — 80 cycles of PRP. This was followed by a decrease in
the Warburg impedance to 3.58 mS/s*> as the kinetics from electro-
chemical reactions occurring at the electrode surface increased over the
remaining 520 cycles. This is represented as a decrease in the charge
transfer resistance from 0.45 Q to 0.25 Q. The interfacial morphology of
the uranium deposits also contributed to the impedance at the electrode
surface. Impedance from CPE-restricted diffusion was represented as a
constant phase element where the capacitance increased from 23.7 pS/
532 to 3 mS/s*? while the phasance decreased from 0.95 to 0.8. SEM
imaging of the deposits showed uniformity in the thickness of the de-
posits, although pores within the deposits themselves may be contrib-
uting to the decrease in the phasance for D..

Using EDS, Uranium was found to deposit as an oxidized species
rather than as a metal, with this species likely being UO; due to the dark
color of the electrode after PRP. An insoluble, orange solid phase was
also observed to form and float to the surface of the melt after heating
and was determined through PXRD to be a separate UO3 phase. The
amount of uranium depleted from the bulk melt was measured to be
52.5% using ICP-OES and the current efficiency of uranium deposition
during both PRP and EIS was calculated to be 40.16%.

The severe oxidation of uranium in high-purity molten LiCl-KCl
within a nitrogen atmosphere with less than 1 ppm oxygen was unex-
pected and may prove difficult to overcome in industrial applications if
the goal is to recover uranium metal. Further investigation to comple-
ment existing literature on the spontaneous formation of oxidized ura-
nium species and their distribution within molten LiCI-KCl is important
in order to understand the thermodynamics of these systems. Addi-
tionally, it may be worth exploring whether electrochemical reactions
during deposition of uranium onto an inert electrode accelerates the
formation of these oxidized species.
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