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In addition to the Pu�residue wastes, the UK civil separated PuO2 stockpile contains 
some material unsuitable for fuel fabrication and requires an immobilisation route [4]. In 
comparison to the complexity of Pu�residues, this material is relatively pure and has a 
fine particle size. It is envisaged that a consolidation route suitable for treating the 
Pu�residues inventory could also be applied to the fraction of PuO2 stockpile material 
considered to be waste, or potentially, the whole stockpile in the future [5]. 
 
HIP has many benefits for processing these wastes including its wide operating window 
and process flexibility for handling different materials and waste feeds [6]. HIP is 
theoretically a batch process and processes waste hermetically sealed inside stainless 
steel canisters. Thus, no off�gases are produced during consolidation and minimal 
secondary wastes are produced throughout the plant line. This improves the safeguards 
and Pu accountancy ability in comparison to vitrification technologies that result in Pu 
contaminated secondary wastes, such as residues inside the melter. 
 
Zirconolite glass�ceramics are considered potential wasteform matrices for processing 
these Pu�wastes. Zirconolite readily accommodates Pu into its structure and the glass 
phase accommodates waste impurities. In this regard, a zirconolite glass�ceramic with 
high glass content (~ 70 wt%)  was previously demonstrated for the Pu�residue wastes 
[7]. More recent formulation work by Thornber �
� 	�� led to the current glass�ceramic 
formulation with its higher zirconolite content (70 wt%) being selected for Pu validation 
studies [8,9]. The present study looks at two samples, one HIP and one cold�press and 
sinter, to validate the waste incorporation behaviour with PuO2 in this optimised 
glass�ceramic system. The sintered sample was first characterised to verify the reactivity 
of the PuO2 waste before consolidating the larger scale HIP sample. 
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Both the sintered sample and the HIP sample were analysed by scanning electron 
microscopy (SEM) and X�ray diffraction (XRD) to study the microstructures and phase 
assemblages of the glass�ceramic products. XRD was conducted on a Bruker D8 
diffractometer with Cu Kα radiation (1.5418 Å), for 20 h between 10° ≤ 2θ ≤ 80° with a 
0.02° step size. The SEM analysis was performed on a Jeol 6300 microscope with a 
15 kV accelerating voltage. Energy dispersive X�ray analysis (EDX) was performed 
using a Tracor Northern TN5502 EDX detector to gain information on the Pu 
partitioning between the crystalline and amorphous phases. ����
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Figure 1: BSE micrograph and XRD pattern of the sintered glass�ceramic sample. Zirconolite was the major crystalline 

phase, with minor phase NiTiO3, which was present due to the oxidising atmosphere during sintering. �� – 

zirconolite�2M, �� – zirconolite�3T and � – NiTiO3 (PDF cards: 04�007�6895, 00�054�1132, 01�076�0336, respectively), 

� – glass phase. The large diffusive scattering in the XRD patterns was a result of the domed containment used during 

characterisation to avoid contamination of the X�ray diffractometer. 

 
Whilst the sintered sample demonstrated evident porosity, the results confirmed excellent 
reactivity of the PuO2 and successful waste incorporation into the glass�ceramic system. 
The HIPed sample of the same composition and same target stoichiometry provided 
further evidence for the successful disposition of Pu in these glass�ceramic wasteforms. 
 
Figure 2 shows the HIP canister before and after consolidation, which achieved a volume 
reduction of ca. 62%. �� ������	�
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the reducing conditions during processing and confirmed this phase was a by�product of 
the oxidising atmosphere in the sintered sample.  
 

 

Figure 3: BSE micrograph and XRD pattern of the Pu HIP sample. Zirconolite was the only crystalline phase identified, 

distributed in the glass matrix. �� – zirconolite�2M (PDF card: 04�007�6895),
� – glass phase. Zirconolite�3T was also 

identified in the XRD pattern but was not observed by SEM (PDF card: 00�054�1132). The large diffusive scattering in 

the XRD patterns was a result of the domed containment used during characterisation to avoid contamination of the 

X�ray diffractometer. 
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zirconolite phase. This is very promising for further development of these wasteforms 
and the HIP technology, for processing the Pu�based wastes�streams into long�term 
wasteforms in the UK. We are currently investigating the effect of redox variations on 
the Pu valence state using diffuse reflectance spectroscopy.   

�������	���


Through the use of cold�press and sintered and hot isostatically pressed samples, a 
validation study for zirconolite glass�ceramic wasteforms for Pu disposition in the UK 
was performed. Results confirmed excellent PuO2 incorporation into the zirconolite 
ceramic whilst maintaining a uniform microstructure and phase assemblage. The dry 
oxide processing route gave results that were comparatively in agreement with those 
from sol�gel processing routes, which was promising for further development of the HIP 
technology for treating Pu�based waste�streams in the UK.  
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