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RESEARCH OBJECTIVE

Certain high level wastes (HLW) in the U.S. contain components such as phosphates, heavy metals, and
halides which make them poorly suited for disposal in borosilicate glasses. Iron phosphate glasses appear to be a
technically feasible alternative to borosilicate glasses for vitrifying these HLWs. The iron phosphate glasses mentioned
above and their nuclear wasteforms are relatively new, so little is known about their atomic struictxesjuiibria,
structure-property relationships, and crystallization products and characteristics. The objective of this research is to
gain such information for the binary iron-phosphate glasses as well as iron phosphate wasteforms so that a
comprehensive scientific assessment can be made of their usefulness in nuclear waste disposal.

RESEARCH PROGRESS AND IMPLICATIONS

This report summarizes the work undertaken and completed in the first 34 months of a three year (9/15/96 -
9/14/99) project (DOE Contract # DOE96ER45617). Approximately 350 samples, binary iron phosphate glasses, iron
phosphate glasses containing one or more common nuclear waste components sycN@® LU&,0,, CsO, SrO,
and MoQ, and those containing simulated wastes from the Hanford and Idaho Falls sites have been prepared. Product
Consistency Test and weight loss methods have been used to measure the chemical durability. Redox equilibria
between Fe(ll) and Fe(lll) was investigated using Mdssbauer spectroscopy. The atomic structure has been investigated
using a variety of techniques including Mossbauer, Raman, X-ray abso#®)@nd X-ray photoelectron (XPS)
spectroscopies and neutron/high energy X-ray scattering. Glass forming and crystallization characteristics have been
investigated using differential thermal analysis (DTA). In addition, informatémessary for glass manufacturing
such as suitable refractories and Joule heating parameters also have been obtained.

Productive research collaborations have been successfully established &itimfbed Synchrotron Radiation
Laboratory, Lawrence Berkeley National LaboratorArgonne National Laboratoryand theNaval Research
Laboratory.
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to increase as compared to the binary iron phosphate glasses. However, none of the waste components or simulated
wastes investigated cause the Fe(ll) fraction teed 0.4, the value above which the glass formiildyatf iron

phosphate melts is known to decrease. The addition gfé#Dlts in glasses having smaller Fe(ll) fractions. In the

case of glasses containing J&hd a reducing oxide such as,8ar Bi,O,, the oxidizing nature of UCappear to

dominate.

3. Atomic Structure

Mossbauer and X-ray absorption spectroscopy show that both species of iron ions are coordinated with 5-5.5
near neighbor oxygen ions. Iron-oxygen coordination does not depend appreciably on the type or the concentration of
the waste elements. X-ray photoelectron and Raman spectra of iron phosphate wasteforms suggest that the
phosphorous-oxygen network is dominated B@gP* dimer units. With increasing waste content, the concentration
of the dimer units increase slightly at the expense of the small number of remaining longer phosphate chains. These
structural features and results of neutron and high energy X-ray scattering studies suggest that the waste ions are
situated outside the second shell coordination environment of iron and phosphorus ions. Consequently, waste ions are
unable to seriously influence the chemistry of the -Fe-O-P- network. Therefore, as observed, the addition of waste
components does not cause major changes in properties such as the chemical durability of these iron phosphate
wasteforms.

4. Crystallization and Glass Forming Characteristics.

The glass forming and crystallization characteristics of these glasses change in different ways with different
waste components and simulated wastes. In general, the addition of alkali and alkaline earth oxides lead to sharper
crystallization peaks which indicate less resistance to crystallization when heat treated at the appropriate temperatures.
In contrast, the addition of UOncreases the crystallization temperature. However, none of the waste components
investigated reduce glass transition and crystallization temperatures below 500 & r66pectively. It must be
noted that the measured glass forming and crystallization parameters are well within DOE specifications.

PLANNED ACTIVITIES

Comprehensive analysis of the large amount of data that was collected over the last 34 months will be the
main focus of the project during remaining few months (a non-funded extensioreddiiberl999 has been
requested). In addition, we intend to research and develop melting techniques and laboratory scale melting apparatus
that are best suited for processing iron phosphate wasteforms.
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1 Compositions (wt%): C-112 - 30f#,45.2B0,, 10.7UQ, 5.6Ca0, 3.3NiO, 2.5N@, 1.5AL0;, 1.0SiQ, and
0.4Pb0O, T-111 - 30F®,,45.5B0;, 10.4Bi0O;, 4.0SiQ, 3.6Mn0O; 2.0N30, 1.8Lg0,;, 1.2U02, 1.2CaO, and
0.4AL0,;, B-110- 30FL,, 46.3R0., 9Bi,0,, 8.2SiQ, 5Na0, 0.9AL,0;, and 0.5CaO0.

2 Composition (wt%) of CVS-IS is 53.3Si10.5B0;, 11.3Ng0, 3.7Li,0, 2.4AL0;, 7.0Fg0,, 3.9ZrQ, 1.3 NdO,,
and 6.6 others.
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2. Web Access
More information on this research is availablé@tp://www.umr.edu/~gkmars/emsp.html
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