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Abstract: 

Investigations of the crystallization of aluminosilicate phases within Hanford nuclear waste 
glasses typically involve subjecting samples to the canister centerline cooling (CCC) 
schedule. This cooling schedule is representative of the slowest cooling thermal profile which 
these glasses will experience after the glass is poured into the high level waste (HLW) 
container. However, few investigations have observed how the crystallization behavior 
changes by varying the heat treatment schedule. In the present study, three Hanford HLW 
glasses are subjected to CCC and isothermal heat treatments (IHT) to better understand the 
evolution of phases and the chemical partitioning due to temperature schedule. Samples were 
characterized using electron probe microanalysis, X-ray diffraction, micro X-ray 
fluorescence, and micro X-ray absorption spectroscopy. From IHT, eucryptite and apatite 
phases were observed which were not observed during CCC. Spatially-resolved 
measurements demonstrated that the oxidation state of the iron was similar among glass and 
crystal, and we suggest a mechanism to describe the compositional fluctuations near the 
crystal-glass interface which influence crystallization. 
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IHT, one HLW glass composition, denoted as ‘A4’, was 

called “degree of undercooling”

. Samples subjected to a “lower” degree of undercooling 

crystals. Samples subjected to a “higher” degree of underc

Sample preparation 

“A4”, “NP 2”, and “NP 3”
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frit in 1×1×1” Pt

X-ray diffraction – Rietveld Refinement 

XRD was performed with a PANalytical X’Pert PRO MPD X
K  X

100° 2 , 0.05° step, and 20 s dwell. 
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Electron probe microanalysis 
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Synchrotron micro X-ray fluorescence and micro X-ray absorption 

Effect of heat treatment on phase evolution of A4 HLW glass 

CCC schedule is treated as the “worst case” scenario for crystallization; however, in the 

diagram and the weak diffraction peak centered near 27° 2
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Investigation of microscale chemical partitioning through electron microprobe 
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called “lever rule”

It is predicted that this boundary or ‘buffer’ region acts to 
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compositional partitioning at the interface of crystal and “residual glass”

“residual” 
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