
Spark Plasma Sintering of Cs-exchanged 

Adsorbents: characterisation and durability 

assessment for Fukushima NPP clean-up1 

Almost 600,000 litres of contaminated water is collected daily (or > an Olympic 

swimming pool per week) at the Fukushima clean-up site: ion-exchange materials 

with similar functional principles to household water filters are used to remove 

radionuclides such as 137Cs. One of these adsorbent materials is an aluminosilicate 

zeolite mineral, chabazite. Approximately 10,000 m3 of concentrated effluent and 

sludge are currently stored at the site awaiting storage/disposal. 

Spark Plasma Sintering (SPS) 

 Novel use of Joule heating 

effect from high applied Direct 

Current 

 DC coupled with uniaxial 

compression 

 Rapid heating rates and reactive 

applied pressure facilitates mass - 

transport and grain growth 

 Near theoretical densities give 

potential for high volume 

reduction 

Experimental Methodology & Results 

Material was prepared from a natural source containing 70% chabazite -  

exchanged in a 0.1 M CsNO3 solution for 24 hours (to 2 wt.% Cs content - by XRF). 

Literature studies and a cold-press and sinter pellet trial, revealed optimal 

processing conditions: complete removal of free water above 300°C and full 

collapse of the zeolite structure above 900°C. 

SPS samples were prepared with 3 g of pre-calcined simulant exchanged material 

using a HP-D 25 SPS system (FCT Systeme GmBH): 

 Base conditions set as 1000°C at 15MPa compression held for 10 minutes.  

 Two further samples were prepared alternating an increase of temperature to 

1100°C and a pressure increase to 50 MPa respectively. 

A combination of Cu Kα (Ni-filtered) pXRD and 

SEM/EDX was used to identify the phase 

assemblages and morphologies of precipitates. 

Chabazite had fully collapsed leaving K-

feldspar as a majority phase, with minor 

contributions of anorthite (N), quartz and 

pyroxenes. The main Cs bearing phase was 

identified as a small globular (5-10 µm) Cs-

feldspar (Cs-K), where cationic substitution 

between K and Cs had taken place.  

With the superior density of 2.73 g/cm3 and 

highest waste loading in a feldspar phase, 13.7 ± 4.2 wt.% Cs, material sintered at 

1000°C for 10 min at 50 MPa was selected for 

chemical durability study under the ASTM PCT

-B methodology. Samples of dissolution liquor 

were analysed at intervals up to 28 days. A 

congruency of dissolution rates was observed 

for Al, Ca, Cs and K. While heterogeneous 

alteration was noted by SEM/EDX, Si presence 

in multiple phases limits identification of leach 

phases. Further VSI study is recommended. 
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and Thermal Processing of Damaged Fuel  

Thermal Processing of Degraded SNF Into 

Phosphate Glass– Ceramic Hybrid Hosts 

Through a review of relevant literature, specifications 

and a collaborative liaison with an NNL spent fuel 

management team**, a classification of degraded 

spent fuel and fuel residues was made. 

Materials falling under this remit may have: damaged 

fuel pins (intentional PIE, cutting waste or otherwise); 

formation of corrosion products (inadequate/failed 

storage conditions); or with novel fuel design (non-

standard cladding alloy/fuel dopants). 

3 major degraded SNF sources: 

This broad variety of abnormal properties inhibits processing of waste using 

ordinary vitrification or encapsulation routes. With literature indicating 

prospects for reduced volatalisation, improved solubility of actinides and high 

durability - a largely unexplored potential host may be the phosphate glass-

ceramic hybrid system2.  

Experimental Methodology & Results 
The low melt temperatures of some 

trialled phosphate glass compositions 

alone, may hinder reaction of bulk waste 

components, which encapsulated would 

act as a nucleation site for uncontrolled 

crystallisation (detrimental to chemical 

durability).  To counteract this, an aim to 

control formation of crystalline phases 

will be targeted through simultaneous treatment of a phosphate glass frit 

precursor, ceramic precursors and size reduced/homogenised waste. 

CeO2 was used as a fluorite analogue to UO2 

for initial glass trials. Na-Al-Si-Fe-Phosphate 

system up to 15 wt.%: CeO2 highly viscous 

melt with excellent homogeneity no 

crystallisation (pXRD). Na-Fe-P system up to 

15 wt% CeO2, low viscosity melt, surface 

oxidation/slag layer upon annealing. 

Undigested ceria above 10 wt.% and Al 

crystallites from corrosion of alumina 

crucible (SEM/spatial EDX). 

A frit precursor may be produced using the 

Na-Al-Si-Fe-P system, subject to durability 

assessment. Experimental study into 

synthesised mineral phases through wet/

dry routes will be explored. These systems 

include: single valence actinide-monazite, 

thorium uranium phosphate diphosphate 

and    synthetic apatite3. 
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