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Abstract – Parametric studies were performed on a lithium-based electrolytic reduction process 
at bench-scale to investigate the behavior of oxygen ions in the reduction of uranium oxide for 
various electrochemical cell configurations.  Specifically, a series of eight electrolytic reduction 
runs was performed in a common salt bath of LiCl – 1 wt% Li2O.  The variable parameters 
included fuel basket containment material (i.e., stainless steel wire mesh and sintered stainless 
steel) and applied electrical charge (i.e., 75 – 150% of the theoretical charge for complete 
reduction of uranium oxide in a basket to uranium metal).  Samples of the molten salt electrolyte 
were taken at regular intervals throughout each run and analyzed to produce a time plot of Li2O
concentrations in the bulk salt over the course of the runs.  Following each run, the fuel basket 
was sectioned and the fuel was removed.  Samples of the fuel were analyzed for the extent of 
uranium oxide reduction to metal and for the concentration of salt constituents, i.e., LiCl and 
Li2O.  Extents of uranium oxide reduction ranged from 43 – 70 % in stainless steel wire mesh 
baskets and 8 – 33 % in sintered stainless steel baskets.  The concentrations of Li2O in the salt 
phase of the fuel product from the stainless steel wire mesh baskets ranged from 6.2 – 9.2 wt%, 
while those for the sintered stainless steel baskets ranged from 26 – 46 wt%.  Another series of 
tests was performed to investigate the dissolution of Li2O in LiCl at 650 °C across various 
cathode containment materials (i.e., stainless steel wire mesh, sintered stainless steel and porous 
magnesia) and configurations (i.e., stationary and rotating cylindrical baskets).  Dissolution of 
identical loadings of Li2O particulate reached equilibrium within one hour for stationary stainless 
steel wire mesh baskets, while the same took several hours for sintered stainless steel and porous 
magnesia baskets.  Rotation of an annular cylindrical basket of stainless steel wire mesh 
accelerated the Li2O dissolution rate by more than a factor of six.

I. INTRODUCTION 
 
Development of a lithium-based electrolytic reduction 

process to convert nuclear oxide fuel to metal is being 
pursued by various research organizations to facilitate 
subsequent pyroprocessing of the metalized fuel product.1-4 

In such pursuits, uranium oxide particles are contained 
within a permeable basket and immersed in a molten pool 
of LiCl-Li2O at 650 °C.  A controlled current is passed 
between the fuel particles in contact with an electrical 
conductor (as the cathode) and a suitable anode to reduce 
the uranium oxide to metal at the cathode and to oxidize 
oxygen ions to gas at the anode.  Conversion of uranium 
oxide to metal in the prescribed system may occur by 
either direct electrolytic reduction of the oxide to metal or 
by the formation of lithium metal from lithium ions in the 
salt and consequent chemical reduction of uranium oxide 

to uranium metal.  In either case, oxygen ions are liberated 
from the uranium, and their transport from the cathode to 
the bulk salt for oxidation at the anode is necessary to 
effectively remove oxygen from the system and thereby 
promote this operation as a viable head-end treatment step 
to subsequent pyroprocessing of the reduced uranium. 

 
The cathode fuel basket containment material imposes 

a barrier through which liberated oxygen ions must pass.  
In a previous study, the effect of fuel containment 
materials on the reduction of spent nuclear oxide fuel was 
investigated.  Given comparable operating conditions, the 
extent of reduction for uranium oxide particles was notably 
higher when contained by stainless steel wire mesh, as 
opposed to sintered stainless steel or porous magnesia.5 In 
another study, a series of bench-scale electrolytic reduction 
runs was performed with U3O8 particulate contained by 
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porous magnesia.  The results revealed extents of uranium 
reduction as a function of applied electrical charge.  The 
results also identified a significant resistance to oxygen ion 
diffusion through a porous magnesia fuel basket.6 To 
expand upon these previous studies, a parametric study 
was performed to investigate the extent of uranium oxide 
reduction as a function of applied charge with UO2 
particulate contained in stainless steel wire mesh and 
sintered stainless steel baskets.  A follow-on study was 
performed to compare dissolution rates of Li2O particulate 
contained within stainless steel wire mesh, sintered 
stainless steel, and porous magnesia baskets when 
immersed in LiCl at 650 °C.  The behavior of oxygen ions 
in these studies is based on measured Li2O concentrations 
in salt or salt-occluded fuel samples and the understanding 
that Li2O completely dissociates into lithium and oxygen 
ions in LiCl at 650 °C.7 

 
II. EXPERIMENTAL SETUP 

 
II.A. Principal Equipment 

 
The series of electrolytic reduction and lithium oxide 

dissolution tests were performed in a Molten Salt Furnace-
III (MSF-III), which is installed in an argon atmosphere 
glovebox at Idaho National Laboratory.  A cut-away view 
of the electrochemical cell within MSF-III is shown in Fig. 
1.  For the electrolytic reduction tests, the cell contained a 
fuel basket cathode assembly (center port), a platinum wire 
coil anode assembly (front-left port), a thermocouple well 
(back-left port), a Ni/NiO reference electrode (back-right 
port), and a front-right port that was used interchangeably 
for stirring (as needed), chemical additions, and salt 
sampling.  The center, front-left and front-right ports were 
all capable of rotation up to 200 rpm. 
 

Stainless steel wire mesh fuel baskets were fabricated 
from a three layer laminate of perforated stainless steel 
sheet metal, 325 stainless steel wire mesh and 18 stainless 
steel wire mesh (Purlator).  The laminate was rolled into a 
1.9-cm diameter cylinder with the perforated sheet metal 
on the outside and the 18 wire mesh on the inside, forming 
a 5.7-cm tall basket wall with the same material on the 
bottom of the cylinder.  The basket wall was fitted to an 
armature that was electrically isolated from a center 
stainless steel rod.  The center rod was suspended off the 
bottom of the basket and was in contact with the fuel bed 
inside the basket when loaded.  The center rod carried the 
current for the electrolytic reduction runs and was sleeved 
with a 0.6-cm diameter magnesia tube that extended just 
below the top of the fuel bed and above the salt level 
during reduction operations.  Sintered stainless steel 
baskets were constructed similarly by replacing the mesh 
laminate basket wall with a 5.1-cm tall sintered stainless 
steel cup (1.9-cm OD by 1.6-cm ID, 10 �m nominal 

porosity, Mott Corp.).  A porous magnesia basket was 
fabricated similarly by replacing the mesh laminate basket 
wall with a 5.1-cm tall porous magnesia cup (2.1-cm OD 
by 1.5-cm ID, 8 �m nominal porosity).6 Stainless steel wire 
mesh annular baskets were fabricated by forming two 
cylinders – 1.9-cm and 0.6-cm diameters – from the same 
three layer laminate material.  The two cylinders were then 
fitted concentrically to a solid stainless steel bottom disc 
and an upper armature.  The prescribed baskets are shown 
in Fig. 2.  Each of the basket top pieces was threaded for 
connection to a common cathode assembly, which 
suspended the respective baskets within the molten salt 
pool as shown in Fig. 1.   

 

 
Fig. 1.  Cut-away view of electrolytic reduction cell. 

 

 
Fig. 2.  Array of fuel baskets used for electrolytic reduction 
of uranium oxide and dissolution of lithium oxide, 
including (from left to right) a stainless steel wire mesh, a 
sintered stainless steel, a porous magnesia and two 
stainless steel wire mesh annular baskets.  

A potentiostat (Solartron model 1285) was used for 
cyclic voltammetry of the electrolytic reduction system, 
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and a power supply (KEPCO Bipolar Operational Power 
Supply / Amplifier) was used for the timed electrolytic 
reduction operations. 

 
An auto-titrator (Schott Instruments, Titronic ®) was 

used for analysis of lithium oxide in the salt samples.  
Upon dissolution of a salt sample in water, any lithium 
oxide in the sample dissolves to generate lithium 
hydroxide, which is quantified by titration with acid.  The 
titrator was located in a hood adjacent to the glovebox that 
housed MSF-III.   

 
II.B. Prepared Materials 

The fuel feedstock for the electrolytic reduction tests 
was unirradiated depleted uranium oxide (UO2) in the form 
of pressed and sintered pellets.  The pellets were crushed 
and sieved into particle size ranges of 0.045 – 0.6 mm and 
0.6 – 1.2 mm.  The Li2O feedstock for the dissolution 
study was -6 mm particles (99.6%, Aldrich) that were 
crushed and sieved to a particle size range of 0.045 – 0.6 
mm, producing a common particle size distribution for 
each of the dissolution runs. 

II.C. Approach 

A series of eight electrolytic reduction runs in a 
common salt bath of LiCl – 1 wt% Li2O was performed 
with UO2 particulate in stainless steel wire mesh and 
sintered stainless steel baskets at varying applied charges 
as outlined in Table I.  The fuel loadings were lower for the 
sintered stainless steel baskets, due to a smaller internal 
volume than that of the stainless steel wire mesh baskets.  
The theoretical charge for each basket was based on 0.397 
A-hr / g UO2. 

Table I 
Outline of Electrolytic Reduction Tests 

 
Run Basket 

Type 
Fuel 
Mass 
(g) 

Particle Size 
(mm) 

% of 
Theoretical 

Charge 
Applied 

1 49.96 75 
2 49.95 100 
3 49.99 125 
4 

stainless 
steel 
wire 
mesh 49.96 

0.6 – 1.2 (50%), 
.045 – 0.6 (50%) 

150 
5 39.97 75 
6 39.98 100 
7 39.97 125 
8 

sintered 
stainless 

steel 
39.99 

0.045 – 0.6 mm 

150 
 

The electrolyte for the series of reduction runs was 
prepared by loading 600 g of anhydrous LiCl (99.99%, 
AAPL) in a magnesia crucible inside of a steel container 

and heating it in MSF-III to 650 °C to produce a 400 ml 
molten salt pool.  Cyclic voltammetry was performed on 
the molten salt with stainless steel and platinum wire 
working electrodes prior to adding lithium oxide to the salt 
and after incremental additions of lithium oxide (i.e., 0.5 
and 1 wt% Li2O in LiCl).  A salt sample was taken and 
analyzed prior to immersing the first fuel basket and 
platinum anode in the molten salt pool.  Cyclic 
voltammetry was performed on the immersed fuel basket, 
after which the anode and cathode leads were connected to 
a constant current power supply.   
 

Current was initiated on the cell for run 1 at 1 A for 6 
minutes, then stepped to 2 A for 12 minutes, then stepped 
and held at 3 A for the balance of the applied charge.   Salt 
samples were taken for Li2O analysis at 2-hr intervals from 
the time that current was initiated.  At the end of the 
predetermined charge (75% of theoretical charge for run 
1), the current was stopped, the fuel basket and platinum 
anode were removed, and a post-test salt sample was taken 
and analyzed.  Given the results of the salt sample analysis 
and the measured salt level, LiCl and Li2O were added to 
the molten salt pool to restore the electrolyte to the same 
level and 1 wt% Li2O concentration prior to introducing 
the next basket.  The procedure was then repeated for each 
of the next seven baskets in succession with the same 
platinum anode and molten salt pool.   

 
After the series of electrolytic reduction runs, each 

fuel basket was sectioned and the product was dislodged 
from the basket.  The product was placed in a mortar and 
agglomerated particles were crushed to reduce the particle 
size to near that of the original largest particles (i.e., 1.2 
mm).  A random grab sample of the crushed and mixed 
particles was taken and subjected to chemical analysis.  
Each fuel sample was washed with water to remove 
occluded salt.  The wash water was then analyzed for Li2O 
concentration by titration, total Li concentration by 
Inductively Coupled Plasma – Atomic Emission 
Spectroscopy (ICP-AES), and chloride concentration by 
ion specific electrode.  A separate fuel sample from each 
run was placed in ethyl acetate to which elemental bromine 
was slowly introduced.  The elemental bromine dissolved 
the metal phase of the fuel sample, while oxides remained 
in the solid phase.  The dissolved metal fraction was 
mechanically separated from the solid oxide fraction by 
multiple centrifuging and washing.  The uranium 
concentration in each of the separated metal and oxide 
fractions was analyzed by Inductively Coupled Plasma – 
Mass Spectroscopy (ICP-MS).   

After the series of eight electrolytic reduction runs, a 
series of five Li2O dissolution runs was performed in 
MSF-III, as outlined in Table II.  Five grams of the 
prepared Li2O particulate (0.045 – 0.6 mm) was loaded 
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into each of the five baskets.  Each basket was then filled 
to the brim with varying amounts of stainless steel shot 
(+40 / -20 mesh), depending on internal volume.  The 
purpose of the steel shot was to preclude the Li2O 
particulate from surfacing upon immersion of each basket 
in the molten salt.  In each test, 700 g of anhydrous LiCl 
(99%, Alfa Aesar) was loaded into a magnesia crucible 
inside of a steel container and heated in MSF-III to 650 °C.  
A preliminary salt sample was taken, after which the 
prescribed fuel basket was immersed in the molten salt 
pool.  Salt samples were taken at regular intervals and 
analyzed with an auto-titrator.  The procedure was repeated 
with a new salt loading for each basket run. 

 
Table II 

Outline of Lithium Oxide Dissolution Tests 
 

Run Basket Type Basket Configuration 
1 stainless steel wire mesh stationary 
2 sintered stainless steel stationary 
3 porous magnesia stationary 

4 stainless steel wire mesh – 
annular stationary 

5 stainless steel wire mesh – 
annular rotating – 200 rpm 

III. RESULTS 
 

III.A. Electrolytic Reduction 

Cyclic voltammetry was performed on the molten salt 
electrolyte prior to any lithium oxide addition, after adding 
0.5 and 1 wt% Li2O to the salt, and after the series of eight 
electrolytic reduction runs (0.65 wt% Li2O).  Plots of the 
cyclic voltammetry runs are shown in Fig. 3.   
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Fig. 3.  Plots of cyclic voltammetry on stainless steel and 
platinum wires at varying lithium oxide concentrations in 
lithium chloride at 650 °C.     

 
Cyclic voltammetry was also performed on the first 

fuel basket (run 1) after it was contacted with LiCl – 1 

wt% Li2O at 650 °C.  A series of cyclic voltammetry plots 
with varying vertex potentials on the first fuel basket as the 
working electrode and a platinum coil as the counter 
electrode are shown in Fig. 4 along with the cyclic 
voltammetry plot of a stainless steel wire at 1 wt% Li2O 
from Fig. 3.   
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Fig. 4.  Plots of cyclic voltammetry on stainless steel wire 
and UO2 loaded fuel basket at the start of run 1 in LiCl – 1 
wt% Li2O at 650 °C.     
 

The eight electrolytic reduction runs were performed 
in succession in the same molten salt electrolyte.  Salt 
samples were taken by lowering a stainless steel threaded 
rod to the bottom of the molten pool and quickly removing 
it.  The adhering salt was measured for salt height (as 
shown in Fig. 5), removed by scraping and titrated for 
lithium oxide concentration. 
 

 
Fig. 5. Sample of salt from molten salt pool using a 
threaded rod. 

   
Response plots for runs 1 – 4 are shown in Fig. 6, and 

those for runs 5 – 8 are shown in Fig. 7.  The response 
plots show the cell, platinum and basket potentials versus a 
Ni/NiO reference electrode over time, along with the 
lithium oxide concentrations in the bulk salt at the 
prescribed sampling intervals. 
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Fig. 6. Combined response plots for runs 1 – 4. 
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Fig. 7. Combined response plots for runs 5 – 8. 
 

Each of the post-test fuel baskets was sectioned to 
dislodge the product.  Sectioned fuel baskets for runs 4 and 
8 are shown in Fig. 8.   
 

    
Fig. 8.  Sectioned fuel baskets for runs 4 (left) and 8 
(right). 

 
Results of the post-test fuel samples are shown in 

Table III.  No bubbling was observed when the post-test 
fuel samples were contacted with water, suggesting that 
little, if any, lithium metal was in the product. 

 
 

 

 
Table III 

Results of Post-Test Fuel Sample Analysis 
 

Ru
n 

U metal 
/ U total 

(%) 

Li2O  
(wt% in 
sample) 

Total Li 
(wt% in 
sample) 

Chloride 
(wt% in 
sample) 

1 43 0.851 1.66 6.99 
2 70 0.878 1.83 9.05 
3 68 0.884 2.22 11.1 
4 67 0.912 1.67 8.10 
5 15 3.69 2.49 6.13 
6 11 4.15 2.30 4.16 
7 8 3.72 2.80 8.72 
8 33 3.18 2.54 6.24 

 
III.B. Lithium Oxide Dissolution 

The results of the series of lithium oxide dissolution 
tests are shown in Table IV.  Each of runs 2 and 3 operated 
overnight and salt sampling continued the next day, while 
runs 1, 4 and 5 were each completed in a single day.  Since 
the first run revealed essentially complete dissolution of 
Li2O after the first salt sample (1 hr), sampling frequency 
was increased for runs 4 and 5.   

 
Table IV 

Results of Salt Sample Analysis for Li2O Dissolution Tests 

Li2O Concentration in Bulk Salt (wt%) Time Run 1 Run 2 Run 3 Run 4 Run 5 
0 0.005 0.010 0.010 0.006 0.010 

5 min     0.274 
10 min    0.160 0.434 
20 min    0.270 0.437 
30 min    0.357 0.438 
40 min    0.405 0.443 
50 min    0.432 0.434 

1 hr 0.527 0.128 0.137 0.453 0.431 
2 hr 0.519 0.230 0.185 0.455 0.455 
3 hr 0.495 0.294 0.266 0.460 0.411 
4 hr 0.522 0.353 0.313 0.466 0.452 
5 hr 0.483 0.400 0.350 0.471  
6 hr  0.414 0.374   
7 hr   0.400   
8 hr   0.404   

21 hr  0.462 0.441   
23 hr  0.443 0.450   
25 hr  0.456 0.453   
27 hr  0.465 0.451   
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IV. DISCUSSION 
 

IV.A. Electrolytic Reduction 
 

Cyclic voltammetry on stainless steel, platinum and 
UO2 in LiCl – Li2O at 650 °C produced responses that 
were consistent with previous operations for the prescribed 
system.4,5  The cyclic voltammetry runs identified the 
potentials relative to a Ni/NiO electrode for (1) lithium 
reduction on stainless steel of less than -1.78 V, (2) 
oxidation of oxygen ions on platinum of greater than 0.7 V, 
and (3) platinum dissolution of greater than 1.2 V in the 
absence of lithium oxide and greater than 1.4 V with 
lithium oxide in excess of 0.5 wt%.  Cyclic voltammetry of 
the fuel basket identified a two-step conversion of uranium 
oxide to metal below -1.45 V and -1.7 V, respectively.   

 
The response plots for the eight electrolytic reduction 

runs (shown in Figs. 6 and 7) were remarkably similar.  A 
goal for the first run was to identify a steady current that 
would produce a cell voltage of approximately 3 V with a 
basket potential at or below lithium formation potential 
and a platinum anode potential above the oxygen ion 
oxidation potential and below platinum dissolution 
potential.  Such was achieved with a controlled current of 
3 A, which was applied consistently throughout all eight 
runs, yielding sustained cell voltages between 2.9 and 3.1 
V and desired anode and basket potentials.   

 
The lithium oxide concentrations in the bulk salt 

showed similar trends within each basket type.  With a  
starting lithium oxide concentration near 1 wt% for each 
run, the concentration for runs 1 – 4 quickly dropped on 
average to 0.86 wt% within the first 2 hours and then 
gradually lowered to a final average concentration of 0.80 
wt%.  For runs 5 – 8 the lithium oxide concentrations over 
time were more widely distributed.  The final lithium oxide 
concentration for each of these latter runs ranged from 
0.64 to 0.78 wt% with an average of 0.68 wt%. 

 
A stark contrast in lithium oxide concentrations 

between the two basket types was observed in the post-test 
fuel product.  The average lithium oxide concentrations in 
the post-reduction fuel for runs 1 – 4 was 0.88 wt%, while 
that for runs 5 – 8 was 3.7 wt%.  The higher Li2O 
concentrations in the post-test fuel and the lower Li2O 
concentrations in the bulk salt for runs 5 – 8 indicate a 
higher resistance to oxygen ion diffusion across the 
sintered metal basket wall compared to that across a wire 
mesh basket wall. 

 
Assuming all of the chloride that was measured in the 

fuel samples was present as lithium chloride, the fraction 
of Li2O in the salt phase of the fuel product could be 
estimated, as shown in Table V.  The results in Table V 

accentuate the stark contrast in lithium oxide 
concentrations in the salt phase of the post-test fuel 
samples that existed between the two basket types.  For 
runs 1 – 4, the lithium oxide concentrations in the salt 
phase ranged from 6.23 to 9.24 wt%, which is comparable 
to a lithium oxide saturation concentration in lithium 
chloride at 650 °C of 8.7 wt%.1 However, for runs 5 – 8 
the lithium oxide concentrations in the salt phase ranged 
from 26 to 46 wt%, which indicates that a substantial 
fraction of solid lithium oxide existed in the post-test fuel. 

 
Table V 

Concentration of Salt Constituents in Post-Test Fuel 
Product from Series of Electrolytic Reduction Runs 

 
Run Li2O 

(wt% in 
sample) 

Calculated LiCl 
(wt% in 
sample) 

Li2O / 
(Li2O + LiCl) 

1 0.851 8.36 0.0924 
2 0.878 10.8 0.0752 
3 0.884 13.3 0.0623 
4 0.912 9.69 0.0860 
5 3.69 7.33 0.335 
6 4.15 4.97 0.455 
7 3.72 10.4 0.263 
8 3.18 7.46 0.299 

 
The extents of uranium reduction were substantially 

lower for the sintered metal baskets (8 – 33 %) than those 
for the wire mesh baskets (43 – 70 %).  Given the 
contrasting differences in extent of uranium reduction and 
lithium oxide diffusion between the two basket types, the 
higher buildup of lithium oxide in the post-test fuel 
product of runs 5 – 8 may have contributed to their lower 
extents of uranium reduction.  This observation could be 
due to oxygen ions impeding the transportation of lithium 
metal to unreacted uranium oxide.  Another contributing 
factor that could restrict uranium oxide reduction is the 
ability of lithium ions to reduce to lithium metal at the 
cathode and diffuse through a basket and bulk salt (given a 
limited solubility of lithium metal in the salt) and oxidize 
at the anode, thereby lowering the cell efficiency for oxide 
fuel reduction.  This scenario may have manifested itself 
particularly in runs 3 and 4 where additional applied 
charge did not produce any additional uranium oxide 
reduction. 

 
IV.B.  Lithium Oxide Dissolution 

The rate of lithium oxide dissolution in the series of 
tests can be defined by the following equation, 

 

� �CC
d
DA

dt
dm

b ��
�
�

�
	

�  (1) 
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where:  m = mass of lithium oxide in bulk salt 

  t = time 
 A = surface area of basket wall 

D = diffusion coefficient for Li2O across wall                                                                                                                               
 d = thickness of basket wall 
 Cb = lithium oxide concentration in basket 
 C = lithium oxide concentration in bulk salt. 

 
Given m = V*C and assuming that Cb is constant and 

that C = 0 at t = 0, Eq. (1) may be solved for C as a 
function of time, yielding the following buildup equation, 

 
t

d
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V
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b
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C �
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��1  (2) 

 
where : V = volume of bulk salt. 
 
By assigning a rate term, R = (A/V)*(D/d), Eq. (2) 

may be simplified and rearranged to yield the following 
equation. 
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Assuming complete dissolution of the loaded lithium 

oxide, the buildup data points for runs 2 – 5 may be 
inserted into Eq. (3) and plotted as shown in Fig. 9.  Run 1 
is excluded from the plot, because dissolution of its lithium 
oxide was essentially complete by the time the first sample 
was taken. 
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Fig. 9.  Plot of lithium oxide concentration buildup in 
dissolution runs 2 – 5. 

 
The slope of the fitted lines for each of runs 2 – 5 is 

the dissolution rate term, R, for the respective basket 

material and operating mode combination.  Accordingly, 
the rate of lithium oxide dissolution in the stainless steel 
wire mesh annular basket (run 4, R = 8.6E-4) was 
approximately nine times higher than that for the sintered 
stainless steel basket (run 2, R = 1.0E-4) and about eleven 
times higher than that for the porous magnesia (run 3, R = 
8.1 E-5).  Rotation of the same stainless steel wire mesh 
annular basket at 200 rpm (run 5, R = 6.9E-3) resulted in a 
lithium oxide dissolution rate that was nearly eight times 
higher than that for the same basket held stationary.  
However, the data fit was not as statistically significant for 
dissolution run 5, because it was limited to only two 
buildup sample points.  Nevertheless, run 5 demonstrated 
complete dissolution of lithium oxide within 10 minutes, 
while the same for run 4 took 60 minutes – a difference of 
a factor of six. 

 
The derived dissolution rate terms, R, from Fig. 9 can 

be used in Eq. (2) to generate lithium oxide concentration 
buildup curves over time for runs 2 – 5.  These curves are 
plotted with the actual sample results for each of the 
dissolution runs in Figure 10.   

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

0 5 10 15 20 25 30
time (hr)

C
 / 

C
b

SST mesh cylinder (run 1)
sintered SST (run 2)
sintered SST, calculated (run 2)
MgO (run 3)
MgO, calculated (run 3)
SST mesh annular-static (run 4)
SST mesh annular-static, calculated (run 4)
SST mesh annular-rotating (run 5)
SST mesh annular-rotating, calculated (run 5)

 
Fig. 10.  Plot of calculated versus actual buildup of lithium 
oxide in bulk salt for dissolution runs. 
 

V. CONCLUSIONS 
 

The response of anode and cathode potentials to a 
constant current in the series of eight electrolytic reduction 
runs with a common salt bath of LiCl – 1 wt% Li2O at 650 
°C was remarkably consistent.  However, the fate of 
oxygen in terms of lithium oxide distribution and extent of 
uranium oxide reduction differed significantly in these 
runs.  The lithium oxide concentrations in the bulk salt 
lowered over the course of each run.  However, the runs 
with sintered stainless steel baskets yielded lower final 
lithium oxide concentrations in the bulk salt (0.68 wt% on 
average) than those with stainless steel wire mesh baskets 
(0.80 wt% on average).  Conversely, the lithium oxide 
concentrations were higher in the occluded salt from fuel 
in the sintered stainless steel baskets (26 – 46 wt%) than 
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those from fuel in the stainless steel wire mesh baskets (6.2 
– 9.2 wt%).  The steeper lithium oxide concentration 
gradient across the sintered stainless steel baskets 
accentuated the higher resistance this material had to 
oxygen ion diffusion relative to that of a wire mesh basket.   

 
The extent of uranium oxide reduction to metal 

showed some correlation to applied electrical charge in 
runs 1 and 2, as the extent increased from 43 to 70 percent 
for 75 and 100% of theoretical charge, respectively.  
However, that correlation ceased in runs 3 and 4, and no 
significant correlation was apparent in runs 5 – 8.  
Nevertheless, as a group the extents of uranium oxide 
reduction to metal were substantially higher for the 
stainless steel wire mesh baskets (43 – 70 %) than those 
for the sintered metal baskets (8 – 33 %).  
 

The lithium oxide dissolution runs substantiated and 
expanded upon what was learned from the reduction runs.  
Specifically, the dissolution runs showed that the resistance 
to oxygen ion diffusion through a sintered metal basket 
was approximately nine times higher than that through a 
wire mesh basket.  In comparison, the resistance to oxygen 
ion diffusion through a porous magnesia basket was nearly 
eleven times that through the same wire mesh basket.  
Rotation of the same wire mesh basket produced a lithium 
oxide dissolution rate that was at least a factor of six 
higher than that for the same wire mesh basket held 
stationary.  

ACKNOWLEDGMENTS 
 
The authors acknowledge the skilled performance of 

analytical laboratory personnel at Idaho National 
Laboratory who contributed to this study.  This work was 
supported by the U.S. Department of Energy, Office of 
Nuclear Energy, under DOE Idaho Operations Office 
contract DE-AC07-05ID14517. 

NOMENCLATURE 
 
m = mass of lithium oxide in bulk salt 
t = time 
A = surface area of basket 
D = diffusion coefficient 
d = thickness of basket 
Cb = lithium oxide concentration in basket 
C = lithium oxide concentration in bulk salt 
V = volume of bulk salt 
R = (A/V)*(D/d) 
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