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Research Objective

The objective of this project isto develop afundamental understanding of radiation effectsin
glasses and ceramics, aswell asthe influence of solid- state radiation effects on agueous dissolution
kinetics. This study will provide the underpinning science to develop improved glass and ceramic
waste forms for the immohbilization and dispostion of high-leve tank waste, excess plutonium,
plutonium residues and scrap, other actinides, and other nuclear waste streams. Furthermore, this
study will develop predictive models for the performance of nuclear waste forms and stabilized
nuclear materids. The research focuses on the effects of dpha and beta decay on defect production,
defect interactions, diffusion, solid-gtate phase transformations, and dissolution kinetics. Plutonium
incorporation, ion-beam irradiation, and eectron-beam irradiation are used to Smulate the effects of
alpha decay and beta decay on relevant glasses and ceramics in experimenta studies. Computer
smulaion methods are used to provide an atomic-level interpretation of experimenta dataand
continuum-level modding.

Research Progress and Implications

This report summarizes progress after 3 months of a 3-year project. Whilethisisarenewd
project, there has been algpse of 18 months without funding. Since continuity of the research
was disrupted, there has been no ongoing carryover research as normaly would have been
expected. Thus, most of the accomplishments in this short time to date have been in the recovery
of radioactive samples from the previous project, reassembly of the research team, experimental
design, and preparation of alarge number of ceramic and glass samplesfor irradiation testing
this year and next.

The co-invedtigator at the University of Michigan has yet to recaive funding; however, aresearch
plan has been developed, and samples are being prepared for shipment to the University of
Michigan as soon as they receive funding to begin their research task.

Planned Activities
Alpha-Decay Effects in Glasses and Ceramics

It is critica to determine the loca changes in structure of the boron in the three Pu-doped glasses
that have been studied previoudly under this project, as this may be important to understanding
the changes in dissolution kinetics. These measurements will be carried out using the Advanced
Light Source. The presence of any molecular oxygen that may have been produced in these
glasses because of radiation-induced decompostion will be probed usng Raman and infrared
photol uminescence.

Since some dissolution measurements were performed on the Pu-doped glassesimmediately
after preparation in 1982, the same dissolution measurements will be performed on these glasses
inther current radiation-damaged state for comparison. In addition, we will perform a
comprehensive set of dissolution kinetics experiments with the 2*°Pu-doped glass (lightly



damaged) and the 23®Pu-doped glass (highly damaged) using the single- pass flow-through
(SPFT) test method to measure the forward reaction rate of these glasses as a function of
temperature and pH.

An annedling study of the amorphous 2*®Pu-zircon will be carried out at 600, 700, and 800°C,
and we will perform XAS measurements, as before, to understand the early stages of annedling.
Thisrecovery processis criticaly important to developing and vaidating long-term predictive
models. In addition, we will use Raman spectroscopy to measure the decrease in width of the
antisymmetric sretching vibrationd band of the SO tetrahedrain the Pu-zircons asafunction
of annealing temperature.

Electron and lon Irradiation Studies

The University of Michigan will lead studies on using dectron beams and light-ion (H*, He")
beams to study the effects of ionization (from beta and apha decay) on the structure and stability
of glasses. Heavy-ion irrediation will aso be used to smulate the radiation effects induced by
apha-recail particles. During the ion-beam irradiation, anin Stutransmission eectron
microscopy study will be performed using the IVEM - Tandem fecility a Argonne Nationd
Laboratory.

lon-irradiation experiments conducted at Pacific Northwest Nationa Laboratory will employ a
range of ionsin continued studies of irradiation effectsin ceramics that may be relevant to the
Nuclear Materids Focus Area and for special waste sireams (e.g., Csimmobilization). Phases of
interest include gpatite, zircon, slicotitanate, rare-earth titanates, and rare-earth zirconates.
Irradiations will be performed on high-dendity sintered samples. We will perform smdl-angle
X-ray diffraction and dissolution measurements on bulk samples,
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