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Abstract – Presented here is a potential option with experimental validation for the decontamination of 
LiCl-KCl eutectic salt electrolyte from a pyroelectrometallurgical process by employing already developed 
inorganic ion exchange materials.  Adsorbent materials considered include titano-silicates & molybdo- and 
tungstophosphates for Cs extraction, Si-doped antimony pyrochlores for Sr extraction and hexagonal 
tungsten bronzes for lanthanide (LN) and minor actinide (MA) polishing.  Encouraging results from recent 
investigations on the removal of target elements (Cs, Sr and LN) from aqueous solutions containing 
varying concentrations of alkali and alkali metal contaminants which would be akin to a solution formed 
from the dissolution of spent LiCl-KCl eutectic salt electrolyte are presented.  Further investigations have 
also shown that the saturated adsorbents can be treated at relatively low temperatures to afford potential 
waste forms for the adsorbed elements.  Efficient evaporation and drying of a solution of dissolved LiCl-
KCl eutectic salt electrolyte (50 L, 5 L.h-1) has been demonstrated using a Microwave-Heated Mechanical 
Fluidised Bed (MWMFB) apparatus.   

 
 

INTRODUCTION 
The pyroelectrometallurgical (PYRO) 

reprocessing of irradiated nuclear fuel represents 
a potentially valuable alternative to conventional 
hydrometallurgical methods owing to a number 
of significant advantages.[1]  Aside from 
representing a dry, and relatively compact 
reprocessing option with good proliferation 
resistance, PYRO offers the potential for on-line 
reprocessing without the need for lengthy 
cooling of the fuel and the potential to handle 
future Gen IV fuel types more easily.  However, 
these important advantages could be impacted if 
wastes arising from the process are not 
minimised.  Hence, it is widely accepted that in 
order to be able to successfully implement any 
PYRO process, recycling of the eutectic salt 
electrolyte will be absolutely essential.[2-4] 
 
Extant Decontamination Approaches 

Primarily, research on the decontamination 
and recycling of PYRO eutectic salt 
compositions has focused on the removal of 
radiogenic cesium, strontium, lanthanides and 
residual actinides.  However, the reality is that 
when recycling is being discussed the entire 
gamut of fission products and corrosion products 
must be considered.  In this study we will focus 
only on the elements mentioned above.  Two 
approaches to recycling of the eutectic salt 
feature prominently: precipitation and zeolite 
ion-exchange. 

Precipitation 
Addition of alkali orthophosphates to molten 

salt eutectics readily precipitates lanthanide 
phosphates.  This also offers a potential avenue 
to deal with residual MA.  Initial reports by 
Volkovich and co-workers [5] were that a large 
excess of alkali orthophosphate was required to 
effect sufficient decontamination.  However, it 
has since been shown that less than 2 equivalents 
(per mole of lanthanide) are sufficient to remove 
>95% of lanthanide.[6]  Furthermore, these 
researchers have shown that this general 
approach can be engineered so as to have little 
impact on the resultant eutectic salt composition 
(alkali:chloride ratio) which is important as 
compositional changes can have a major impact 
on the physical characteristics of the eutectic.  

Precipitation of lanthanide oxychlorides (La, 
Nd, Gd) and oxide (Ce) has been demonstrated 
by simple oxygen sparging of molten LiCl-KCl 
eutectic salt electrolyte.  This approach has been 
able to achieve >99% conversion for the 
lanthanides investigated, excluding La where a 
conversion factor of ~94% was measured.[7] 

Clearly, separation of fission products by 
precipitation in a molten salt context possesses 
the significant drawback of efficiently separating 
the fine precipitate.  Only in a few cases has the 
separation of the ‘cleaned’ eutectic salt from a 
precipitate been discussed in any length.  One 
approach by Korean researchers has been to 
exploit the volatility of the eutectic salt in 
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comparison to that of lanthanide oxychlorides 
and oxides.[8]  It has been successfully 
demonstrated that between 1000 - 1100 oC and at 
about 50 Torr, clean eutectic salt can be distilled 
from lanthanide oxychlorides and oxides 
produced by oxygen sparging.  
 
Zeolite Ion-exchange 

The term zeolite is routinely employed to 
describe the plethora of network alumino-
silicates with channel architectures (about 140 
structure types).  In the case of radionuclide 
removal from molten eutectic salts, the phase 
‘zeolite 4A’, [Na12(AlSiO4)12], is that which has 
been primarily studied.  Occlusion of the fission 
product elements in the cages of the zeolite 
framework is the principal mechanism of 
decontamination.  Although often touted as the 
most promising approach to removal of Cs from 
spent eutectic salt, zeolite exchange has also 
been demonstrated for Sr, Rb, Ba, Ca, LN and 
MA.[6,9-11]  A reasonable understanding of the 
thermodynamics and mechanisms of ion-
exchange in molten salts currently exists and the 
connection with proposed column separations 
has been made.  Unfortunately, evidence is 
continually presented which demonstrates the 
slow kinetics for exchange with zeolites in 
molten salt systems.  Furthermore, the 
potentially limited thermal stability of zeolites is 
also a problem due to contamination of the 
molten eutectic by Si and Al.[6] 
 
Aqueous Loop Decontamination Concept 

The relative dearth of demonstrated options 
for the purification and recycling of eutectic salt 
electrolyte provided the impetus for our group to 
explore an alternative approach to this problem.  
A schematic representation of our ‘hybrid 
aqueous loop’ concept is given in Figure 1.  

The essential aspects of the proposed 
concept involve the dissolution of the fission 
product-loaded spent eutectic salt in mildly 
acidic media (~0.1 M HCl) then removal of 
137Cs, 90Sr and radiolanthanides (plus residual 
MA) by selective, granular inorganic ion 
exchangers in a column chromatographic 
approach (‘Purification’).  Once the salt solution 
has been decontaminated to a predefined level 
(>95%), the raffinate would be evaporated and 
the resultant LiCl-KCl eutectic salt conditioned 
(re-chlorination).  Compositional rebalance 
would then occur before the eutectic was 
returned to the core of the process (‘Recycling’).  
Alternatively, decontamination of the eutectic 
salt solution could act as a simple pretreatment 

step before discharge as a low level liquid waste 
(if so required). 
 

 
Figure 1. Proposed ‘Hybrid Aqueous Loop’ 

 
Dissolution 

Dissolution of the spent eutectic salt in an 
acidic solution (0.1 M HCl) has been proposed 
principally to mitigate against precipitation of 
insoluble hydroxides and/or oxides e.g. LN and 
Sr.  The inorganic ion exchangers targeted for 
removal of Cs, Sr and LN each have 
demonstrated affinity for the appropriate element 
under these conditions and in the presence of 
alkali cations.  The final concentration of 
radiogenic Cs, Sr and LN is primarily dependent 
on the eutectic salt dissolution ratio (i.e. kg.L-1) 
and level of fission-product loading.  Firstly, for 
the purpose of our investigations thus far, we 
have adopted a LiCl-KCl eutectic composition of 
59:41 mole% which appears to be the most 
commonly studied.  The relative proportions of 
the alkali and target elements considered have 
been largely defined by the extant work of 
Periara[12] and Lecturq[4] viz. the concentration 
range of alkali and alkali earth cations employed 
covers a wide range of potential dissolution 
ratios and fission product loadings.   
 
Inorganic Ion Exchangers 

It is indisputable that inorganic ion exchange 
materials display selectivity over and above any 
traditional organic ion exchange resin.[13]  
Currently, our program has the target of 
removing between 95 - 99% of the 
aforementioned elements from a solution of the 
dissolved eutectic salt.  Extant investigations 
from the past two decades demonstrate that 
selective and stable ion exchange materials are 
already available[13-17] for potential use in this 
‘hybrid’ approach and therefore decontamination 
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of the eutectic salt by this methodology to the 
target level is considered entirely feasible.  

In this initial validation study, the following 
adsorbents have been chosen: the Cs-selective 
silico-titanate, [Na3Ti3NbSi2O14•xH2O] (Nb-
CST);[18] a Cs-selective tungstophosphate, 
[Na3W12O40•xH2O] (NWP); a Cs-selective 
molybdophosphate, [(NH4)3W12O40•xH2O] 
(AMP); a Sr-selective Si-doped antimonate, 
[NaHSb2O6(SiO4)~0.2•xH2O] (Si-Sb-PYRO);[19] 
and a LN/MA-selective hexagonal tungsten 
bronze, [Na0.08H0.22Mo0.1W0.9O3•xH2O] (Mo-W-
HTB).[20]  These materials are all known to be 
extremely effective and stable under the 
expected processing conditions as well as 
potentially offering a ready immobilization route 
as explained below.  Moreover, we have 
successfully granulated each of these powdered 
adsorbents so that they are readily deployable in 
the proposed column chromatographic approach. 
 
Adsorbent to Wastefrom – ‘Cradle-to-Grave’ 

Decontamination of the acidic eutectic salt 
solution will result in the generation of spent ion-
exchange columns.  It has been our assertion that 
this in turn mandates that strategies for managing 
these wastes also be devised (Figure 1 
‘Disposal’).  It has been shown previously that 
one option is to immobilise the adsorbed 
radioelements directly in the adsorbent phase via 
‘low temperature’ thermal processing.  This is 
commonly referred to as the ‘cradle-to-grave’ 
strategy. Of the adsorbents referred to above, 
both Mo-W-HTB and Nb-CST have been 
investigated for such an approach with the 
conversion to durable ceramic wasteforms 
certainly achievable.[18,21-26]  Moreover, our 
group has demonstrated that glass ceramic 
wasteforms can be prepared from Cs-exchanged 
Nb-CST and these are more durable than those 
prepared by simple thermal treatment.[27]  These 
background studies indicate that durable waste 
form materials with superior performance to 
glass-bonded sodalite are accessible by this 
approach.[28] 
 
Eutectic Salt Solution Evaporation and Drying 

Following removal of the radionuclides of 
concern, the acidic eutectic salt solution requires 
an evaporative step to remove the bulk of the 
water and a drying step to remove the remaining 
adsorbed water and water of crystallisation.  
Alkali metal chlorides (and eutectic mixtures 
thereof) are strongly hygroscopic and easily 
hydrolysed.  Therefore, removing the last traces 
of residual water requires extended hours of 

drying especially with conventional heating 
methods (i.e. convective, radiant heating etc.).  
There is a relative dearth of published literature 
specifically concerned with the drying of LiCl-
KCl eutectic salt mixtures.  The most 
investigated methods have involved vacuum 
drying and purging by inert gases at elevated 
temperature.[29]  Some basic properties of 
moisture in LiCl-KCl eutectic mixtures have 
been studied by Kinoshita et al.[30]  These 
workers have reported that moisture exists in a 
number of distinct states in the LiCl-KCl eutectic 
mixture and that small quantities of moisture 
persist even >500 oC, most likely as LiOH.  
Laitinen et al. have shown that vacuum drying 
alone was quite efficient for the elimination of 
moisture from LiCl-KCl eutectic mixtures.  
However, a combination of bubbling of dry HCl 
at reduced pressure through the eutectic melt, 
followed by evacuation of the HCl saturated melt 
provided the best results.[31]  
 
EXPERIMENTAL 
General 

Standard laboratory grade reagents (>98% 
purity) from Sigma Aldrich were employed for 
all ion exchange investigations.  Elemental 
analysis of materials was undertaken by Energy 
Dispersive Spectroscopy (EDS) which was 
coupled to a JEOL 6400m scanning electron 
microscope.  Thermogravimetric (TG) and 
differential thermal (DT) analyses were 
conducted simultaneously on a Setaram TAG24 
(France) with high purity air carrier gas.  Survey 
powder X-ray diffraction patterns were recorded 
on a Panalytical X’Pert Pro diffractometer in the 
range 5 – 80o 2θ using Cu Kα-radiation (1.542 Å) 
and a solid state detector utilizing real time 
multiple strip technology.  
 
Synthesis of Inorganic Ion-exchange Phases 

The molybdenum-doped hexagonal tungsten 
bronze (Mo-W-HTB),[32] silicon-doped 
antimony pyrochlore (Si-Sb-PYRO),[19] 
niobium-doped crystalline silicotitanate (Nb-
CST),[18] ammonium molybdophosphate 
(AMP)[33] and sodium tungstophosphate (NWP) 
[33] phases were all prepared according to 
literature methods or derivatives thereof.[34]  In 
order to remove the maximum amount of 
exchangable alkali and ammonium cations from 
the ion exchangers, each were contacted with 1 – 
6 M HCl; washed with deionised water; then 
dried at 75 oC overnight. 
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Ion-exchange Behaviour: Radiochemical 
Investigations 

The ion exchange behavior of the inorganic 
ion exchanger phases was investigated in 
triplicate using the batch contact method.  For 
carrier-free investigations, powdered sorbent (50 
± 1 mg) and a given alkali or alkali earth 
concentration solution (0.1 M HCl; 0.0001 – 0.5 
M; 4 mL) containing ≈ 17,000 Bq of either 137Cs 
(>99% purity; I3 Inc., Idaho Falls), 85Sr (>98% 
purity; Perkin Elmer, USA) or 155Eu (>98% 
purity; Perkin Elmer, USA) were contacted at 25 
oC for 30 minutes with agitation in a standard 
Kimble tube (5 mL).  The effect of inactive 
carrier was determined by addition of a 
concentrated solution (1 M) of the appropriate 
cation so as to achieve a final concentration of 
approximately 1 mM with respect to the carrier 
cation.  Triplicate samples of the initial activities 
and individual contact experiments were counted 
for 10 – 20 seconds on an automated Wallac 
1480 Wizard 3” gamma counter.  

Determination of the given radioisotope 
activities before and after contact with a given 
adsorbent allowed the calculation of a 
distribution coefficient (Kd) for the given 
radioisotope.[20]  All batch contact experiments 
were conducted using V/m ≅ 80 mL.g-1 in order 
to allow direct comparison of results. 
 
Leaching Investigations: Deionised Water 

Samples of the calcined Cs-, Sr- or Eu-
exchanged phases were ground and the 30 – 50 
µm size fraction of each isolated using a Gilson 
ultrasonic sieve apparatus.  An unwashed portion 
of each (ca. 100 mg) was introduced into a 
Teflon jar (Savillex) along with Millipore water 
(10 mL) to give a volume-to-mass ratio of 100 
mL.g-1.  All experiments were conducted in 
duplicate.  The containers were sealed and 
heated (90 ± 1 oC) for 1, 4 or 7 days.  After the 
appropriate time the supernatant from each leach 
test was removed, filtered (0.2 µm) and 
immediately acidified with ultra-pure HNO3 to 
minimise precipitation of any dissolved elements 
prior to analysis by Inductively Coupled Plasma 
Mass Spectrometry.  The fraction of element 
leached (f) for given time periods and normalised 
cation release rates (g.m-2.day-1) were determined 
as outlined previously.[22] 
 
Eutectic Salt Solution Evaporation and 
Drying 

The LiCl-KCl eutectic salt solution simulant 
was prepared by dissolving 6.5 kg of eutectic 

mixture (59:41 mole ratio) of lithium chloride 
and potassium chloride salts, respectively, in 
deionised water so as to achieve a concentration 
of about 130 g.L-1.  The salt solution was then 
acidified with concentrated HCl (10 M) to 
achieve a final concentration of 0.1 M HCl     
(pH ≈ 1).   
 
RESULTS 
Ion-exchange Investigations 

The adsorption of radio-elements by a given 
ion exchange phase from a solution of dissolved 
spent eutectic salt will be required to be 
exceptionally tolerant of high concentrations of 
alkali cations viz. high selectivity.  To explore 
this selectivity against alkali and alkali earth 
cations, the adsorption of 137Cs, 85Sr and 155Eu 
were studied in 0.1 M HCl under both carrier and 
carrier-free concentrations (i.e. ~2 ppm).  The 
adsorption data from these investigations are 
presented in Figures 2 - 6.  For each adsorbent 
there were some differences between the results 
of the carrier and carrier-free investigations but 
this is not uncommon and is generally a result of 
a change in selectivity with increasing exchange. 
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Figure 2. Competitive cation effects on Cs 
exchange by Nb-CST. 
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Figure 3. Competitive cation effects on Cs 

exchange by AMP. 
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The affinity of both Nb-CST and AMP for 
Cs was, as expected, exceptional across the 
entire concentration range of each alkali cation 
(Figures 2&3, respectively).  What was perhaps 
most surprising from these investigations was 
that the more inherently stable NWP repeatedly 
exhibited higher affinity for Cs than its 
molybdenum analogue (AMP) (Figure 4).  
Furthermore, the effect of increasing 
concentrations of K+ and Na+ on the exchange of 
Cs by the NWP phase was distinctly different to 
that of AMP.  Further studies are planned to 
explore these subtle differences. 
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Figure 4. Competitive cation effects on Cs 

exchange by NWP. 

The data for the Si-Sb-PYRO and Mo-W-
HTB phases showed that the presence of Li+ had 
a relatively minor impact on the measured 
distribution coefficients viz. there exists little to 
no selectivity for Li+ (Figures 5&6, respectively)  
In fact, increasing Li+ concentration actually 
resulted in higher distribution coefficients for Sr 
and Eu, respectively.  We suspect that the 
exchange of residual Na+ which is present in 
both these phases is aided at high concentrations 
of Li+, therefore enabling more efficient 
exchange of both Sr and Eu.  The adsorption data 
for the Mo-W-HTB phase showed that Ba2+ 
competes most strongly against the exchange of 
Eu.  Increasing levels of K+ also had a 
deleterious effect on Eu exchange although this 
was significantly less than that of Ba2+ but 
nonetheless could prove incompatible with our 
proposed feedstock.  Studies with feedstock 
containing the full complement of alkali and 
alkali earth cations should allow us to fully 
assess this issue.  

What remains encouraging at this point is 
that these results accord well with expectations 
of adsorbent performance based on a general 

understanding of the ion exchange properties of 
the suite of materials under consideration. 
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Figure 5. Competitive cation effects on Sr 
exchange by Si-Sb-PYRO. 
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Figure 6. Competitive cation effects on Eu 

exchange by Mo-W-HTB. 

Adsorbent to Wasteform – Thermal 
Conversion and Leaching Investigations 

Initial investigations on the conversion of 
saturated ion exchange phases to potential waste 
forms were directed towards simple heating of 
phases at 450, 600, 800 and 1000 oC in air.  In 
this report we will focus only on the results from 
the 450 and 600 oC experiments.  From the 
analysis of X-ray diffraction, SEM and 
thermogravimetric data for the Nb-CST, NWP, 
Si-Sb-PYRO and Mo-W-HTB adsorbent phases, 
simple dehydration at 450 oC resulted in only 
relatively minor alterations to crystallinity and 
the various compositions.  However, for the 
AMP phase, decomposition was clearly apparent 
with substantial quantities of MoO3 identified 
through the phase assemblage.  On heating at 
600 oC the tungstate-based phases (Mo-W-HTB 
and NWP) exhibited similar behaviour with 
formation of WO3-like phases as judged from 
XRD and SEM analyses.  

Initial measurements of the leach resistance 
of the five adsorbent phases heated to both 450 
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and 600 oC were conducted using a modified 
PCT-B test incorporating an increased liquid-to-
solid ratio of 100 mL.g-1 over 1, 4 and 7 day 
periods.  We have routinely employed an 
increased liquid-to-solid ratio than that of the 
ASTM PCT-B standard[35] in order to avoid 
saturation of the leachate, and hence, decreased 
leaching of elements, as well as to minimise the 
potential precipitation of less soluble leached 
elements, or solution species thereof.  We report 
here preliminary results with future studies 
scheduled to bench-mark performances against 
other more conventional waste form materials 
including glass-bonded sodalite, reference 
glasses and ceramics. 
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Figure 7. Fractional exchanged element releases 
(1 – 7 days) for ion exchanged phases heated to 

450 oC. 
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Figure 8. Fractional exchanged element releases 
(1 – 7 days) for ion exchanged phases heated to 

600 oC. 

Plots of the fractional release of cesium (Nb-
CST, AMP and NWP), strontium (Si-Sb-PYRO) 
and europium (Mo-W-HTB) from the respective 
exchanged adsorbent phases heated to 450 and 
600 oC are shown in Figures 7&8, respectively.  
With respect to the phase assemblages 
containing cesium, the Cs-exchanged Nb-CST 

phase heated to 450 oC displayed far superior 
durability then either the AMP or NWP-based 
materials.  However, on heating to 600 oC its 
performance was significantly diminished but 
still better. 

The comparatively poor durability of the 
AMP and NWP materials can in part be 
explained by an order of magnitude greater 
dissolution of Mo from the AMP phase 
assemblage than W from the NWP phase 
assemblage, and at least two orders of magnitude 
greater than the framework elements of the Nb-
CST phase assemblage (Figure 9).  At this stage, 
the low fractional releases of strontium from the 
Si-Sb-PYRO phase assemblages heated at 450 
and 600 oC appear promising.  Although the 
fractional releases of Eu from Mo-W-HTB based 
phase assemblages were amongst the highest 
observed for all the materials studied thus far, 
our previous studies have shown that significant 
structural and composition arrangement in the 
LN-exchanged phases do not occur until heating 
to >800 oC at which point the durability 
significantly increases.[22]  This behaviour 
could in fact be advantageous as it indicates that 
selective recovery of LNs and MAs may be 
possible.  Recovered MAs could then be 
recycled to an appropriate feed stock for 
transmutation or disposal. 
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Figure 9. Principal framework element releases 
(1 – 7 days) for ion exchanged phases heated to 

600 oC. 

Eutectic Salt Solution Evaporation and 
Drying 

The technology and process methodology 
for converting or incorporating aqueous 
salt/acidic solutions into dry powders has been 
under continual development at ANSTO over 
last decade.[36]  This research has been 
conducted as part of ANSTO’s waste 
management strategy for the treatment of acidic 
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Intermediate Level Liquid Waste (ILLW) 
resulting from 99Mo production at the Lucas 
Heights site.  Specifically this technology 
provides an efficient means of producing fission 
product loaded, porous ceramic microspheres 
suitable for Hot Isostatic Pressing, all within the 
confines of a conventional hot cell (2439(W) x 
1828(D) x 2655(H) mm).  An in-house designed 
and constructed mock-up plant has successfully 
operated at 30 kg batch sizes.[37] 

The process technology is based on drying a 
given salt/acidic solution in a Microwave-heated 
Mechanical Fluidised Bed (MWMFB) mixer-
drier (Figure 10).  It was our intention to employ 
the MWMFB mixer-drier setup for evaporation 
of the eutectic salt solution by continuously 
atomising the solution into a bed of LiCl-KCl 
powder.  Mechanical fluidisation of the partially 
wetted bed is achieved using a ploughshare type 
mixer with heating of the mechanically fluidised 
bed achieved by microwaves which are 
channeled directly into the fluidisation chamber.  
Our experience with other heating techniques has 
shown that microwave heating is the key to 
achieving fast and selective heating of the water 
content of the wet powder.  This approach 
facilitates high evaporation rates while avoiding 
the formation of excess free moisture in the bed 
and the formation of any wet cake, sludge or 
slurry phase in the bulk of the powder.  
 

 
Figure 10. MWMFB mixer-drier assembly. 

For the purposes of demonstrating this 
approach, several evaporation and drying runs 
were conducted with a 20 kg charge of dry, 
powdered LiCl-KCl eutectic mixture to the 
MWMFB mixer-drier.  Typically, 50 L of acidic 
eutectic salt solution (0.1 M HCl, 130 g.L-1) was 
then continuously sprayed into the mechanically 
fluidised bed at a flow rate of 5 L.h-1.  
Concurrently, the temperature of the bed was 
gradually increased from ambient to the final 

drying temperature of 150 °C.  Up to 6 kW 
microwave power was used in order to achieve 
this bed temperature at a pressure of 40 kPa 
vacuum.  The solidified salt gradually 
accumulated in the bed in the form of a dry, free-
flowing powder.  The moisture content of the 
recovered powder product was determined to be 
about 0.8 wt% by TGA/DTA.  We are confident 
that this moisture content is in fact an 
overestimate given sampling of the dried eutectic 
from the MWMFB mixer-drier occurred in air.  
Plans are currently being made to pneumatically 
transfer the dried eutectic salt from the MWMFB 
mixer-drier under an inert atmosphere.  The 
observed onset of melting at 353 oC for the 
evaporated eutectic salt was as expected for this 
composition.  Preliminary melting experiments 
conducted with 60 g batches have shown that the 
evaporated salt mixture yields a homogeneous, 
transparent melt.  We are currently working 
towards evaluating: 1) the purity of the resultant 
eutectic by electrochemical techniques; and 2) 
the level of conditioning (re-chlorination) 
required to contemplate return to the core of a 
PYRO process. 
 
SUMMARY 

We have presented here the preliminary 
experimental validation of an alternative waste 
management strategy (‘Hybrid Aqueous Loop’) 
to recycle spent LiCl-KCl eutectic salt 
electrolyte from pyroelectrometallurgical 
reprocessing of irradiated nuclear fuel.  The 
strategy principally involves dissolution of spent 
eutectic in acidic media; removal of radiogenic 
cesium, strontium and lanthanides using 
inorganic ion exchangers; then evaporation and 
reconditioning before returning to the core of the 
process.  The ion exchange results presented here 
accord with the expected behaviour of the chosen 
ion exchange phases.  We have also shown that 
the dissolved eutectic salt solution can be 
efficiently and conveniently evaporated and 
dried using a Microwave Heated Mechnically 
Fluidised Bed (MWMFB) mixer-drier setup on a 
20 kg scale, thereby, closing the processing loop. 

Future investigations are aimed at validating 
the behaviour of the inorganic ion exchangers in 
granulated form with a realistic inactive eutectic 
salt solution stimulant.  Furthermore, we aim to 
demonstrate the purity of the eutectic salt 
electrolyte by electrochemical techniques. 
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