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Abstract - A series of six bench-scale liquid cadmium cathode (LCC) tests was performed to 
obtain basic separation data with focus on the behavior of rare earth elements. The electrolyte 
used for the tests was a mixed salt from the Mk-IV and Mk-V electrorefiners, in which spent metal 
fuels from Experimental Breeder Reactor-II (EBR-II) had been processed. Rare earth (RE) 
chlorides, such as NdCl3, CeCl3, LaCl3, PrCl3, SmCl3, and YCl3, were spiked into the salt prior to 
the first test to create an extreme case for investigating rare earth contamination of the actinides 
collected by a LCC. For the first two LCC tests, an alloy with the nominal composition of 41U-
30Pu-5Am-3Np-20Zr-1RE was loaded into the anode baskets as the feed material. The anode feed 
material for Runs 3 to 6 was spent EBR-II ternary fuel (U-19Pu-10Zr). The Pu/U ratio in the salt 
varied from 0.8 to 1.3. Chemical and radiochemical analytical results confirmed that U and 
transuranics can be collected in the LCCs as a group under the given run conditions. The RE 
contamination level in the LCC product was up to 6.7 wt% of the total metal collected. The data 
analysis for partitioning of actinides and REs in the salt and Cd phases are reported in the paper.

I. INTRODUCTION

Electrorefining in molten LiCl-KCl eutectic-based salt 
is one of the key separation steps in the pyrochemical 
treatment of spent nuclear fuels. The actinides are separated 
from the bulk of fission products by electrochemical 
transport in the molten salt electrolyte. Pure U is deposited 
onto a solid cathode during routine electrorefining 
operations, while group actinides (U, Pu, Np, and Am) are 
deposited into a liquid cadmium cathode (LCC). The LCC 
technology takes advantage of low chemical activities of 
transuranic (TRU) elements in the liquid Cd phase to 
accomplish this separation [1–5]. However, rare earth (RE) 
fission products have thermodynamic properties that are 
similar to those of TRU elements in the molten salt/liquid 
Cd system and, as a result, are subject to similar 
interactions with the Cd phase [6–12]. The factors that 
influence the RE contamination of the actinide product 
need to be understood and predicted in order to evaluate the 
overall pyrochemical separations efficiency. To date, the 
basic experimental data needed to support such predictions 
have been lacking. 

In the present work, a series of six bench-scale LCC 
tests was run in a LiCl-KCl eutectic electrolyte containing 
dissolved U, Pu, Am, and Np chlorides. The Pu/U ratio in
the salt ranged from 0.8 to 1.3. In addition, RE chlorides 
such as NdCl3, CeCl3, LaCl3, PrCl3, SmCl3, and YCl3 were 
spiked into the salt up to 5 wt% to create an extreme case to 
evaluate the RE contamination of the actinides collected by 

the LCC technology and to obtain the basic separation data 
needed, with focus on the partitioning of REs in the system.
The experimental conditions, observations, and results are 
reported in this paper. 

II. EQUIPMENT AND MATERIALS

II. A. Apparatus

The bench-scale LCC experiments described in this 
article were conducted in the Hot Fuel Dissolution 
Apparatus (HFDA), which is located in the Hot Fuel 
Examination Facility (HFEF) argon-shielded hot cell at 
INL. The HFDA furnace assembly was located within a 
containment vessel that was constantly purged with higher
purity argon than the hot cell environment. The 
electrochemical cell consisted of a stainless-steel crucible 
fitted with a high-density alumina liner (99.8% Al2O3). The 
inside diameter of the liner was approximately 9.2 cm, and 
the crucible held approximately 500 ml of molten salt.

A Ag/AgCl reference electrode was used to monitor 
the electrode potentials during the LCC experiments. The 
reference electrode consisted of a closed-ended mullite tube 
containing eutectic LiCl-KCl electrolyte with 1.00 wt% 
AgCl (Aldrich Inc.) and a 1-mm-diameter silver wire 
(99.9% Ag, Aldrich Inc.). All of the electrode voltages 
reported in this article were measured relative to the 
reference electrode unless otherwise specified. 
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A Solartron-1287 potentiostat controlled by CorrWare 
for Windows software (Scribner Associates) was used for 
the electrochemical measurements. The external power 
supply for electrochemical transports was a KEPCO 
Bipolar Operational Power Supply/Amplifier. Data were 
monitored and recorded with a Hewlett Packard Model 
349070A Data Acquisition System/Switch Unit.

II. B. Materials

II.B.1. Electrolyte

The six LCC tests were conducted with a single charge 
of electrolyte in the HFDA crucible. The electrolyte was a 
composite consisted of 758 grams of salt condensate 
retrieved from a cathode processor (CP). The CP’s primary 
function is to separate the adhering salt from the uranium 
dendrites produced by Mk-IV and Mk-V electrorefiners 
(ER) through a high-temperature vacuum-distillation 
process that discharges the salt as a composite condensate 
and the dendrites as a consolidated metal ingot [13]. The 
758 grams of the condensate contained sodium, actinides, 
and fission products from processing spent driver and 
blanket fuels from EBR-II. Rare earth chlorides such as 
NdCl3, CeCl3, LaCl3, PrCl3, SmCl3, and YCl3 were 
purposely added to the electrolyte prior to the LCC tests. 
The ratio of the REs added was close to their fission yields 
in spent light water reactor fuel [14]. The purpose of the RE 
chloride addition was to create the worst-case scenario for 
LCC operations during which the recovered actinide 
product is contaminated by the REs present in the 
electrolyte. A salt sample was taken prior to the first LCC 
test. The significant constituents of the salt sample are 
shown in Table I.

TABLE I
Initial Composition for Electrolyte Used for LCC tests 

(values in ppm)

Actinide Noble 
Metal Rare Earth Active Metal

Total U 13100 Ru <70 Ce 9790 Al <110
U235 4681 Ta <150 Eu 193 Ba 5660

Total Pu 12900 Tc <20 La 5200 Be <5
Am241 < 10 Zr 99 Nd 21500 Cs 1908
Np237 110 Cd 33 Pr 5200 Sr 2560

Sm 6310 Na 14900
Y 2470 Li 58900

K 201400

II.B. 2. Liquid Cadmium Cathode

The high-density Al2O3 crucible for each LCC cathode 
assembly was loaded with 40 g of high-purity Cd (99.98%, 

Aldrich Inc.). The inside diameter of the crucible was 1.59 
cm. A stainless steel wire of 0.12 cm in diameter was 
located in the center of the Cd pool to carry the current. The 
current-carrying wire was covered by a high-density Al2O3
sleeve in order to electrically insulate the wire from the salt 
phase. Four evenly distributed holes in the crucible wall 
allowed the electrolyte to contact the Cd. The vertical 
distance between the top surface of the Cd pool and the 
center line of the holes was approximately 0.8 cm. 

II.B. 3. Anode Basket and Feed Material

A photograph of an anode basket used for the LCC 
tests is shown in Fig. 1. The stainless steel mesh baskets 
were fabricated from a 3-ply layer of perforated sheet metal 
(outer surface), 325-mesh stainless steel wire cloth (middle 
layer), and 18-mesh stainless steel wire cloth (inner 
surface). The three layers were diffusion bonded together 
by a commercial supplier (Purolator). The baskets were 
formed into closed-end box of 0.75-cm by 0.8-cm 
rectangular by 2.5-cm tall. 

Two types of materials were loaded into the anode
baskets for the LCC experiments. For the first two tests, the 
anode feed was a special alloy with the nominal 
composition of 41U-30Pu-5Am-3Np-20Zr-1RE. A photo of 
an alloy piece is given in Fig. 2. A single piece of the 
special alloy (~ 4 g) was loaded into each of the first two 
baskets. The purpose for using this alloy was to increase the 
minor actinide concentrations, i.e., Am and Np, in the 
electrolyte. Consequently, the partitioning of Am and Np in 
salt and LCCs could be evaluated. 

Fig. 1. Anode basket side view.
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Fig. 2. Special 41U-30Pu-5Am-3Np-20Zr-1RE alloy.

For LCC Runs 3 to 6, the anode feed material was 
ternary fuel irradiated in EBR-II. Specifically, a single 
spent ternary fuel pin was used, which had HT9 cladding 
and was subjected to 4.12 atom % burn-up in EBR-II. The 
cladding I.D. and O.D. were 0.655 and 0.737 cm, 
respectively. The fuel pin was chopped into segments that 
were 0.635 cm long. One segment was loaded into each 
anode basket for LCC Runs 3, 4, and 5, while 3 segments 
were loaded into the anode basket for LCC Run 6. The 
nominal weight of heavy metal in each segment was 2.5 
grams. A segment was sent to INL’s Analytical Laboratory 
for chemical and radio-chemical analysis to determine its 
composition. The analytical results of the fuel segment are 
given in Table II.

TABLE II
Composition of Spent Ternary Fuel (values in ppm)

Actinide Noble Metal Rare Earth Active Metal
Total U 568137 Ru 2348 Ce 2030 Al <390

Total Pu, 212555 Te 751 Eu <21 Ba 1053
Am241 2273 Ta < 191 La 1188 Be <5
Np237 161 Tc 838 Nd 3905 Cs137 374

Fe 42511 Pr 918 Na 2475
Cr 5880 Sm 1065 Sr 164
Mn 282 Y 286
Mo 3345
Ni 338
Cd 87
Zr 87644

III. EXPERIMENTS AND RESULTS

III. A. Cyclic Voltammetry

The operating temperature for the electrolyte used in 
the LCC tests was 500ºC. Prior to the LCC tests, cycle 
voltammetry (CV) was performed with a 1-mm-diameter 
Ta wire as the working electrode. The counter electrode 
was a spiral-wound stainless steel wire (1-mm-diameter) 
with high surface area. Figure 3 shows the CV results, scan 
rate of  25 mV/sec. The CV scan started at the open circuit 
potential, moved in the negative direction, and approached 
a vertex potential before moving in the positive direction. 

The vertex potential was incrementally decreased (more 
negative) to identify the redox potentials of actinides and 
REs in the electrolyte. 
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Fig. 3. Cyclic voltammetry on a Ta electrode in LCC test 
electrolyte.

The CV plots in Fig. 3 reveal well defined cathodic and 
anodic peaks of U3+/U and Pu3+/Pu. The oxidation and 
reduction potentials of U3+/U and Pu3+/Pu agreed with the 
literature [15 - 16]. The potential difference between the 
U3+/U and Pu3+/Pu pairs was approximately 0.31V. The 
reduction current increased further (becoming more 
negative in value) when the vertex potential approached -
1.85V. An oxidation current peak was observed when the 
vertex potential reached -1.95V. The oxidation peak was 
attributed to the RE ions being reduced at the Ta electrode 
surface and re-oxidized during the positive moving scan. 
The reduction current peak for REs could not be established 
due to the high concentration of RE ions in the electrolyte; 
thus the mass transfer limitation could not be reached. No 
effort was made to distinguish the reduction potentials of 
each type of RE ions on the Ta electrode because the 
electromotive forces of the RE elements are similar in the 
molten LiCl-KCl electrolyte.

CV analysis was also performed with a LCC prior to 
electrochemical transport. The scanning rate was 
25mV/sec and the CV plot is shown in Fig. 4. The only 
oxidation current peak occurred at -1.25V. No reduction 
current peak was observed even when the negative-moving 
scan reached -1.90V. This CV result with a clean LCC 
illustrates how, unlike the results observed with a Ta 
electrode, actinides and REs in the electrolyte are reduced 
simultaneously at the salt/LCC interface.
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Fig. 4. Cyclic voltammetry on a LCC in the test electrolyte.

III. B. LCC Runs

The LCC tests were run in controlled current mode.
Each run was terminated when approximately 0.75 A-h was 
accumulated. The exception was Run 6, for which 
approximately 1.1 A-h was accumulated. The 
electrochemical transport conditions and experiment 
objectives are summarized in Table III. 

Previous LCC experiments demonstrated that REs were co-
collected, together with actinides, in a LCC [6, 9]. The 
reason for the RE contamination was believed that when an 
external voltage was applied to the LCC, and, as a result, 
the salt/Cd interface was perturbed from its equilibrium 
status. The REs exhibited similar electrochemical affinities 
to those of actinides at the salt/Cd interface under the 
influence of the applied voltage. Thus, for the present 
study, five out of the six LCC assemblies were held in the 
electrolyte for at least 12 hours after the power supply was 
de-energized. The intention was to investigate whether the 
RE contaminations of the actinides could be mitigated by 
giving enough time to allow the system to reach 
equilibrium.

As mentioned earlier, a special 41U-30Pu-5Am-3Np-
20Zr-1RE alloy was used as the anode feed material for the 
first two LCC runs to increase the Am-241 and Np-237 
concentrations in the electrolyte and thereby evaluate their 
behaviors in the subsequent LCC runs. These two runs were 
operated under nearly identical conditions. The power 
supply was de-energized when the designated A-h was 
reached. To compare the impact of equilibrium status on 
RE contamination of LCC product, the LCC Run 1 crucible 
was left in the electrolyte for 12 hours before being 
removed from the HFDA. The LCC Run 2 crucible was 
removed immediately from the electrolyte once the power 
supply was de-energized. 

TABLE III
LCC Experiment Conditions and Primary Objective.

Parameter
Test Number

1 2 3 4 5 6

Feed Segments *Alloy *Alloy 1 1 1 3

Current (mA) 80 80 40 120 80 80

Total A-h 0.755 0.750 0.746 0.753 0.71 1.094

Primary 
objective

Electrochemica
lly charge 
minor actinides 
into the salt

Electrochemica
lly charge 
minor actinides 
into the salt

Test separation 
behavior using 
low current

Test separation 
behavior using 
high current

Test separation 
behavior using 
intermediate 
current

Test separation 
behavior with a 
high solid 
fraction in 
LCC

Note

The LCC was 
left in the salt 
overnight after  
the power 
supply was de-
energized

The LCC was 
removed from 
the salt once 
the power 
supply was de-
energized

The LCC was 
left in the salt 
overnight after 
the power 
supply was de-
energized

The LCC was 
left in the salt 
overnight after  
the power 
supply was de-
energized

The run was 
interrupted by 
facility 
limitations and 
resumed  later

The LCC was 
left in the salt 
overnight after  
the power 
supply was de-
energized

*Special alloy consisting of  41U-30Pu-5Am-3Np-20Zr-1RE
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LCC Runs 3, 4, and 5 were carried out at low (40mA), 
high (120mA), and intermediate (80mA) currents, 
respectively, using otherwise similar conditions to study 
the impact of LCC current density on the RE 
contaminations. However, Run 5 had to be terminated due 
to an unexpected experiment interruption. Although the run 
was resumed later, some data were missing. The objective 
for the last LCC run was to obtain a higher solid fraction in 
the Cd with the intermediate current density. Figure 5 
shows the current and LCC voltage traces recorded during 
the electrochemical transports of Runs 3, 4, and 6. The 
horizontal axis in the figure indicates the cumulative A-h 
charge.
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Fig. 5. Current and LCC voltage traces for LCC tests 3, 4, 
and 6.

TABLE IV
Actinides and REs in Adhering Salt

(Values in ppm)
  

Test No. 1 2 3 4 5 6

Total U 18154 12383 11195 15246 12068 11552
Total Pu 14591 15056 14926 14319 15007 15194
Am241 260 424 405 367 420 401
Np237 203 277 260 224 255 216

Ce 9840 10624 10244 9992 10255 10095
La 5429 5910 5780 5460 5753 5516
Nd 19285 20685 19755 18955 19884 19357
Pr 4751 5066 4975 4749 5002 4860
Sm 5259 5769 5634 5357 5628 5412
Y 2505 2758 2656 2575 2683 2581

Upon termination of each LCC experiment, a filtered 
liquid phase sample was taken from the LCC Cd pool 
before it was removed from the HFDA. The purpose of this 
sample was to assess actinide and RE concentrations in the 

liquid Cd phase. Afterward, the Al2O3 crucible (containing 
Cd, collected actinides and REs, and some residual salt on 
top of the Cd) was removed, weighed, and transferred to 
the analytical laboratory for analysis. The Al2O3 crucible 
was broken at the salt access holes in order to fit the bulk 
sample into the available sample containers for the inter-
facility transfer system. After being transferred to the 
analytical laboratory, the salts adhering to the Al2O3
crucibles were removed by a water wash step. The water 
wash solutions and metal ingots were subject to separate 
chemical and radiochemical analysis. The actinide and RE 
concentrations in the adhering salt are used to represent the 
bulk salt in this paper. Table IV shows the actinide and RE 
concentrations in the adhering salt.   

The actinide and RE concentrations in metal ingots are 
summarized in Table V. The anode basket with residuals 
was removed from the HFDA, weighed, and sent to the 
analytical laboratory as a single entity for analysis. A 
photograph of the Run 3 LCC assembly after it was 
removed from the salt is shown in Fig. 6. A photograph of 
the Al2O3 crucible after it was broken for transport is 
shown in Fig. 7.

Fig. 6. LCC Run 3 crucible removed from the HFDA.

Fig. 7. Cross-sectional view of the LCC after being broken.
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TABLE V
Actinide and Rare Earth Concentrations in Bulk LCCs  

(values in ppm)
Test No. 1 2 3 4 5 6

Total U 23081 23897 23514 25473 20355 24228
Total Pu 8078 11890 13552 12183 11903 13718
Am241 123 296 328 298 287 334
Np237 121 252 303 258 245 277

Ce 535 688 579 504 464 658
Eu < 15 < 15 < 15 < 15 < 15 < 15
La 117 113 94 78 75 100
Nd 972 1306 1031 908 863 1195
Pr 255 347 255 233 208 321
Sm < 140 < 110 < 110 < 125 < 105 < 110
Y 35 10 11 14 10 6

All six filtered liquid Cd samples were contaminated 
with some salt. Unfortunately, the filtered Cd sample taken 
after Run 4 contained too little Cd for analysis. The 
analytical results for the adhering salt samples presented in 
Table IV were used to subtract the salt constituents. The 
compiled actinide and RE concentrations in the filtered Cd
samples are given in Table VI.

TABLE VI
Actinide and Rare Earth Concentrations in Filtered

Liquid Cd Samples (values in ppm)
Test No. 1 2 3 4* 5 6

Total U 21725 19259 18041 21734 22329
Total Pu 10204 12184 12179 14407 14727
Am241 150 335 296 334 350
Np237 160 301 290 301 294

Ce 501 586 491 441 673
Eu <10 <10 <15 <10 6
La 85 80 88 79 134
Nd 1016 1201 978 857 1361
Pr 266 224 229 215 332
Sm **ND ND ND ND ND

*The sample contained insufficient Cd
**Below detection limit

IV. DISCUSSIONS

IV. A. LCC Product Composition and Current Efficiency

The analytical results obtained from the LCC products 
in the Al2O3 crucibles (Table V) and liquid phase samples 
(Table VI) were combined. The actinide and RE 
concentrations in each LCC product are obtained by two 
weighted average of samples and shown in Table VII. The 
current efficiencies (CE) given in Table VII were 
calculated based on the charge equivalent of actinides and 

REs collected in each LCC divided by the total Faraday’s 
charge accumulated during the run.

TABLE VII
Actinides and REs Collected by LCCs (values in ppm 

unless otherwise specified)
Test No. 1 2 3 4 5 6

Total U 22893 23704 23280 25473 20466 24180

Total Pu 8374 11902 13493 12183 12106 13743

Am241 127 298 326 298 291 334

Np237 127 259 303 258 250 277

Ce 530 684 575 504 462 659

Eu <15 <15 <15 <15 <15 <15

La 112 110 94 78 75 100

Nd 978 1301 1029 908 862 1199

Pr 257 335 254 233 209 321

Sm <140 <110 <110 <125 <105 <110

Y 30 8 11 14 9 6

*Total RE 1907 2438 1962 1737 1618 2285

*RE/(Ac+RE), % 6.05 6.74 5.25 4.54 4.89 5.93

*CE, % 61.18 71.61 72.20 76.53 64.81 54.20

*Excluding Eu and Sm 

Table VII shows that the CEs of the six LCC runs 
ranged from 54 to 77%. These current efficiencies were
low in comparison with the LCC CEs reported in the 
literature, which, from bench to engineering scales, were 
all greater than 80% [4, 6, 17, and 18]. Since the co-
deposition of actinides and multiple REs into a LCC has 
not been investigated previously, the observations and 
results from the present research showed that the 
mechanisms involved with the co-deposition were
complicated. One possible explanation to the low current 
efficiencies is that multi-valence RE ions or complex 
RE/actinide ions might form in the molten salt. Perhaps 
the redox or disproportionation reactions of the multi-
valence or complex ions consumed current and resulted in 
low CEs for the LCCs. More research needs to be 
performed to understand the complexity of the RE 
behaviors in the molten salt/LCC system.

Previous works have experimentally confirmed that 
when U and Pu were simultaneously recovered in a LCC, 
the total concentration of U and Pu in a saturated cadmium 
phase was around 4.0 wt%, even though the U/Pu ratio in 
the Cd phase was dependent on the U/Pu ratio in the salt 
[4, 17, and 21]. For the present study, each LCC assembly 
was loaded with 40 grams of Cd. The Faradic charges 
accumulated during each LCC test ranged from 0.71 to 
1.09 A-h (Table III), which was equivalent to more than 
2.1 grams of U and Pu. The LCCs were expected to have a 
saturated liquid phase and solid precipitation when the 
designated Faradic charges were accumulated. The purpose 
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of taking the liquid Cd samples was to investigate the 
actinide and RE solubilities in liquid Cd. However, the 
total quantities of actinides and REs collected by the LCCs 
ranged from 1.32 to 1.7 grams. It is difficult to assess if the 
LCCs were saturated with the actinides and REs. The U 
concentration in the LCC products (ranging from 2.02 to
2.42 wt%) were all close to the U solubility, which is 2.35 
wt% at 500ºC in the U-Cd alloy system [22].

IV. B. Impact of Pu/U Ratio on LCC Performance

The Pu/U ratio in the electrolyte during the present 
LCC tests ranged from 0.8 to 1.33. It has been reported that 
the Pu/U ratio in the materials collected by a LCC is 
dependent on the Pu/U in the electrolyte [4, 6]. It is likely 
that the present study has operated the LCCs at the lowest 
Pu/U ratio in the electrolyte ever attempted. Figure 8 is a 
plot composed of the data obtained from the present study 
and the data from a previous study [6]. The horizontal axis 
in the figure is the weight percentage ratio of Pu/U in the 
electrolyte and the vertical axis is that in the LCCs. Figure 
8 shows that U and Pu can be simultaneously recovered in
a LCC even when the ratio of Pu/U is around 1. However, 
the Pu/U ratio in the LCC products was proportionally 
lower. 
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and RE elements in the molten salt/liquid Cd system, the 
SE is the ratio of their distribution coefficients, such as 
SEPu-U=DPu//DU, where the DPu and DU are measured at 
either equilibrium or non-equilibrium conditions. The 
relationship of SE with SF is linear and can be expressed 
as SEPu-U=DPu/DU and DPu=SFPu-UDU+b. When DPu and 
DU are measured under equilibrium conditions, SE is equal 
to the SF.

The separation efficiency of an element M2 against 
element M1, SFM2-M1, for a LCC operation is defined:
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           where

SEM2-M1 = separation efficiency of M2 against M1
DM1 = distribution coefficient of M1
DM2 = distribution coefficient of M2

b = a deviation factor that is dependent on 
the salt composition, Cd phase 
composition/saturation, LCC operating 
conditions, and others.

SFM2-M1 = separation factor of M2 against M1. The 
separation factor is equal to the ratio of 
distribution coefficients of M2 and M1 in 
dilute binary systems at equilibrium. The 
separation factor can also be calculated 
from thermodynamic properties of the 
system.

Equations (1) and (2) indicate that the SE of M2
relative to M1 through a LCC operation can be evaluated 
by the ratio of their distribution coefficients in the salt and 
Cd phases; also, the SE of M2 relative to M1 is equal to the 
SF at equilibrium plus a deviation factor, b. The physical 
and chemical significance of the b has been discussed in 
Ref. [9]. In the present study, the SEs of actinides and REs 
are based on Equations (1) and (2).

Figure 9 shows the SE plots of Pu relative to U in 
liquid Cd phase and in the bulk-LCC product. The SF of 
Pu relative to U in the molten salt/Cd system at 500ºC was
reported to be 1.88 ± 0.09 [23]. Although the data in Fig. 9 
are scattered, the slopes of the fitted lines, which are 1.89 
and 1.79, are within the uncertainties of the SF measured in 
binary systems under equilibrium conditions. The absolute 
value of b is smaller for the liquid Cd phase than that for 
the bulk LCC product.
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Fig. 9. Separation efficiency plot of Pu relative to U of the 
LCC tests.

Figure 10 shows the SE of Am241 and Np237 relative 
to Pu for the six LCC runs. Although the salt composition 
was complex, the behaviors of the minor actinides, such as 
Am241 and Np237, were as anticipated. The slopes of the 
fitted lines in Fig. 10 are within the uncertainties of the SFs
measured in binary systems under equilibrium conditions, 
which are (3.08±0.78)/(1.88±0.09) for SFAm241-Pu and 
(2.12±0.42)/(1.88±0.09) for SFNp237-Pu [23]. The 
experimental results presented in Figs. 9 and 10 reveal an
important conclusion that the presence of multiple REs at a 
total concentration up to 5.4 wt% in the salt had an 
insignificant impact on the SEs among the actinides, such 
as Pu relative to U, and Am241 and Np237 relative to Pu.
The negative values of the deviation factor b imply that the 
SEAm241-Pu and SENp237-Pu under the experimental conditions 
were smaller than the corresponding SFs, which is an 
advantage for recovering actinides as a group.
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Fig. 10. Separation efficiency plots of Am241 and Np237
relative to Pu of the LCC tests

Distribution coefficients of REs obtained from the six 
LCC runs were different from the previous study [6]. The 
quantities of major RE fission products (i.e., Ce, Nd, La, 
and Pr) collected in the Cd phase during the LCC runs 
were high. Figure 11 plots the ratios of distribution 
coefficients for the major REs relative to those of Pu. It can 
be observed in Fig. 11 that the SEs of Pu relative to REs 
were very low under the present LCC run conditions. The 
RE fission products were collected with Pu in the LCCs at 
their concentration ratios in the salt. The experimental 
results and observations were significantly different from 
the SFs of the Pu relative to REs measured under 
equilibrium and binary systems [23].
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Fig. 11. Separation efficiency plots of REs relative to Pu of 
the LCC tests

V. SUMMARY

A series of six bench-scale LCC tests was performed 
in a LiCl-KCl-based electrolyte. The electrolyte contained 
U, Pu, Am241, Np237, and up to 5.4 wt% REs as RE 
chlorides. The purpose of the LCC tests was to create a 
worst-case scenario (i.e., low actinide concentrations, low 
Pu/U in the salt, and high RE concentrations) to evaluate 
RE contamination of the actinides recovered by a LCC.
The major findings and observations were as follows. U 
and Pu were simultaneously recovered by a LCC when the 
Pu/U ratio in the salt was within the range of 0.8 to 1.3. 
However, the Pu/U ratio in the LCC products was 
proportionally lower. The presence of multiple REs at a 
total concentration as great as 5.4 wt% in the salt had an 
insignificant impact on the separation efficiencies for the 
actinides, such as Pu relative to U, and Am241 and Np237 
relative to Pu. The partitioning behaviors of REs in the 
molten salt/ LCC system were very different from those
under equilibrium and binary systems. The major RE 
fission products (Ce, Nd, La, and Pr) were co-collected 
with Pu into the LCCs as a function of their concentration 
ratios in the salt, except Sm. The separation efficiencies of 
the major REs relative to Pu were very low. In contrast
with the other REs in the system, no Sm was detected in 
the LCC product even through the Sm concentration in the 
salt was comparable with those of La and Pr. The current 
efficiencies for the six LCC runs ranged from 54 to 77%, 
which was low in comparison to the LCC current 
efficiencies reported in the literature.
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