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RESEARCH OBJECTIVE: The objective of the proposed effort isto use a new approach to
develop solution models of complex waste glass systems and spent fud that are predictive with regard
to composition, phase separation, and volatility. The effort will dso yidd thermodynamic vaues for
waste components that are fundamentaly required for corrosion models used to predict the
leaching/corrosion behavior for waste glass and spent fue material. This basic information and
understanding of chemica behavior can subsequently be used directly in computationa models of
leaching and trangport in geologic media, in designing and engineering waste forms and barrier systems,
and in prediction of chemica interactions.

RESEARCH PROGRESS AND IMPLICATIONS: Asof theend of the second year of this
project, which isacontinuation of a previous three-year EM SP. effort, the 14-dement ChemSage
datefile containing: Na K -Ca-Mg-Fe-Al-B-Si-O-H-S-C-N-Snh has been upgraded as new binary and
ternary assessments are completed. Thisfile has been converted into FactSage databases (one for
compounds, and one for each solution phase). The FactSage program is particularly useful for
caculaing and displaying isothermal ternary sections that can be compared with reported literature data.

The use of the modified associate species modd for the glass solution phase easly dlowsfor the
addition of new and/or revised data assessments. Thus, the building of the 14-element database has
largely conssted of adding the binary and ternary assessment results to the existing database without the
need for extensve revision of the entire database,

Severd systems were thoroughly assessed during the past year. The CaO-MgO system was



reassessed, and a solid solution phase and new associate species added to the database so that the data
accurately reproduce the accepted liquidus and solid solution values. The ternary NaO-Ca0O-S0,
system required extensve work since the phase diagram is quite sengtive to the relative sabilities of the
compound phases. A fine-tuned reassessment of the CaO-S O, binary system was required in order to
develop accurate ternary information. The new Ca0O-S O, information was then used in garting a
reassessment of the CaO-Al,O3-SO, sysem. The solidus diagram is now completed, and the liquidus
surface is being examined. Minor components of sulfate and water in a glass result from combustion
melting and fining of the met. Our database now includes associate species that will dlow for the
caculation of concentrations of these components in the glass as a function of temperature, glass
compoasition, and gas environment.

The data for the NgO-AlLO3-B,03-SO, sysem was evaduated again, particularly along the NaAlO,-
NaAlSO 4SO, pseudo-binary snce new experimentd data are available on the nephdine liquidus
temperature when B,O; is added to nepheline compositions. Differences between experimentd and
caculated results are dtill being examined. Precipitation of dbite from the glass melt rather than
nephdine would explain the differences, but dl posshbilities are being considered. Reassessments of
binary Al,Os-B,03, SO,-B,03, N&O-B,03; systems were performed, but so far have led to little
changes in the cdculated B,O; fluxing temperatures.

Spind forming phases have been the focus of pardld efforts. Sub-models of the NgO-AlLO3z-B,03-
S0, system together with Cr,O3, MnO, and NiO have been successfully developed. These have been
integrated into database for use in ChemSage and FACT Sage for the system NgO-Al,Os- Cr,03-
MnO-NiO-B,03-S0O,. Currently, amodd for the crystdline spind phase that includes Cr,O3, MnO,
and NiO together has yet to beincluded. An existing mode in the FACTSage system is being used
temporarily. Efforts on modding the NgO-Al,O3-B,03-SO, system with ZrO, have been successful
and that sub-mode is complete.

A set of liquidus temperature and heet capacity data for the five oxide component system: NgO-CaO-
Al,O3-B,03-S0, was experimentaly devel oped and tested. Test data on the solubility of Cr,O3 inthe
melt and liquidus temperature of glassesin the MnO, Cr,Os, NiO, Fe,O3 spind primary
phase fidd were systematically measured. This datawas used in the development of severd sub-
moddsinduding:
0 Blnay systems of NaO, A|203, 8203, SOz, CaO pl us pa‘tlal
binarieswith NiO, Cr,Os, Li,O, K0, MgO, FeO, and Fe;Os.
0 Ternary systems of NaO, BzOg, A|203, SOz, and CaO pl us partld
ternarieswith NiO, FeO, and Li,O
o  Plusagrowing multi-component system of
N 3QO-A|203' Cr,0Os5- NiO- 8203-302 and Aleg' B,O;-CaO-N 3QO-SOZ

PLANNED ACTIVITIES: Inthe coming period we will be engaged in further refining and expanding
the modd for high-level nuclear waste glass. CaO and ZrO, will be accuratdly integrated into the
modd. A new formdism for spind will be developed and included in the global mode. Important non
metaswill dso be induded, such as sulfur and phosphorus. In the find stages of the effort we will



include criticd radionuclides such as the actinides.

Experimentd activities will include critica experiments with regard to CaO activity measurements.
Spind formation will be assessed as this complex and not well-defined problem will need experimenta
data to check and refine the model. The modd s for the non-metals such as sulfur and phosphorus will
aso need to be validated with experimenta determinations of chemica activity.
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