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Problem Addressed

The acceptance criteriafor high-level waste (HLW) glass allow a substantially higher waste
loading than current melters can handle. The particular processing constraint that limits waste
loading is the requirement that the liquidus temperature of HLW glass should be lower than
1050°C to avoid melter failure due to an excessive settling of spinel.® However, thisad hoc
requirement, which is not based on a rigorous assessment of the safe rate of solid material
(mainly spinel) deposition in the melter, is costly. Each 1 mass% decrease in waste loading at
Hanford will cost DOE approximately $600,000,000. Fortunately, waste loading could
potentially be increased by severa percent even with the currently used melters without
producing an unacceptabl e risk to melter performance. The acceptable fraction of spinel in
molten glass depends on several factors, such as the size and number density of spinel crystals,
the temperature and velocity fields in the melter, and the spinel sludge rheology.

Research Objective

Our objective is to determine the fraction and size of spinel crystalsin molten HLW glass
that are compatible with low-risk melter operation. To this end, we are investigating spinel
behavior in HLW glass and obtaining data to be used in a mathematical model for spinel settling
inaHLW glass melter. We will modify the current glass-furnace model to incorporate spinel-
concentration distribution and to predict the rate of spinel settling. Also, we will determine the
nucleation agents that control the number density and size of spinel crystalsin HLW glass.
Research Progress

We have studied the following aspects of spinel behavior in HLW glass:

» gpinel formation during the initial melting stages

* therates of dissolution and crystallization of spinel as afunction of temperature

* the equilibrium concentration of spinel as afunction of temperature, oxygen partia pressure,
and glass composition

 the composition of spinel as afunction of temperature

* the effect of temperature history and minor components on the number density and the size
of spinel crystals

* therate and mode of spindl settling

(a) Spinel are compounds having the general structure M"M"'O,.
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 therheological properties of spinel sludge in molten glass
 the physical characteristics of the spinel-glass system.
Additionally, we have devel oped

» amathematical model describing the electric, temperature, and velocity fieldsin an HLW
melter

* amathematical model of spinel settling in alimited volume of melt
» aphysical model to verify the results of the mathematical models.

These results have been reported in the form of publicationsin conference proceedings and
peer-reviewed journals (see the list below). Some magjor achievements are described below.

Thefirst spinel crystals form during the initial melting stages, precipitating from the nitrate
melt within the bed of reacting melter feed. Spinel formation peaks when the nitrate decom-
position is nearly complete and the glass-forming melt is established. These crystals, which do
not contain Cr, dissolve in the glass-forming melt during the final stages of conversion. Cr-
containing spinel forms when the temperature of molten glass drops below the liquidus
temperature.

Asthe melter model shows, the temperature history of the melt in the HLW glass melter is
rather wild. A spinel crystal may undergo severa cycles of partia dissolution and growth before
reaching its final destination, either in the glass canister or at the melter bottom.

The number density of spinel crystals depends on the presence of minor components, such as
RUO,, Ag,0, or TiO,, and may vary from 1 to 10* crystals per mm?®. Asaresult, spinel crystal
sizemay vary from 1 to 100 um. The size of spindl crystalsisthe key factor determining the
settling rate.

Laboratory studies of spinel formation must simulate melter conditions (in solid glass that
has been powdered before heat treatment, spinel crystallization is affected by |low-temperature
nucleation and surface crystallization).

The rates of crystal growth and dissolution depend on melt temperature and on the crystal
number density, which in turn is determined by the presence of heterogeneous nuclei provided
by some minor waste components. Above liquidus temperature, when crystals move within the
melt by buoyancy, the rate of dissolution of spinel crystalsis constant at constant temperature.
The size of growing crystals can be approximated by an exponential function of time with the
rate coefficient that is an Arrhenius function of temperature.
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The concentration of spinel in the melt depends on melt temperature, composition, and
oxygen fugacity. These functions were expressed in the form of constitutive equations to be
used in mathematical models of HLW glass melters and in models for glass formulation, waste
retrieval, blending, and pretreatment.

Planned Activities
» Study the effects of nucleation agents on crystal size and settling rate.

» Develop atheoretical model for dissolution/growth of spinel crystals under nonisothermal
conditions.

» Study the dissolution/growth of spinel crystalsin periodically increasing and decreasing
temperature.

» Compute spind distribution within the melter and calcul ate the rate of growth of the spinel
sludge bottom layer using the following step-by-step approach:

- Step 1. Spind crystals enter the melt from the cold cap. Crystals do not change during
the process.

— Step 2: Spind isat equilibrium with molten glass.

- Step 3: Mét redox isafunction of temperature. Oxygen bubbles evolve as the
temperature of glassincreases. Bubbles affect melt density, influencing the
temperature and velocity fields.

- Step4: Spind crystals dissolve and grow out of equilibrium in response to temperature
and redox.

— Step 5: Bubble motion and spinel settling produce cellular convection in a melt; spinel
may agglomerate.

— Step 6: Simulate melter conditions for West Valley and Savannah River melters.
Compare sludge-thickness cal culation with measured val ues.
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