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Objective

Develop practical mode fc
stabilities of components in complex
and spent nuclear fuel.

% Work with large number. of compenents Relevance to EMSP
< Easy to understand and use

< Reliable

< Extrapolatable and interpolatable Gl x)

& Work will provide a thermochemical model
for waste glass and spent nuclear fuel
Model allows prediction of liquidus
temperatures and precipitation of undesirable
crystalline phases
Results provide activities for reaction paths
for leaching/transport models and codes
such as ESP
Predicted activities allow anticipation of
effects such as corrosion and potential
for release

) Expected understanding will add confidence

Example of Potential Improvement to to the prediction of stability over long

. o 3 time periods
PredlCted LeaChlng Rates In Waste Information can be used in designing and

Glass Yields 5 Orders of Magnitude engineering waste forms and barriers

Difference in Chemical Activity for SrO Ihejwormay provideibasiclinsightsiinto
solid solution behavior, bonding in glasses,
and crystal chemistry of fluorite

Hydrated structure oxides
Bulk Glass Gel Layer

Liquid Leachant

The concentration of the leached waste ion is
dependent on the activity of [SrO],es

Concentration SrO in glass Activity of [SrO] | Concentration In
glass Leachant
Ideal Solu_t|o 6.8 mol% 0.068 0.068
Assumptio
Associate 0 -
6.8 mOI /0 .

*Aluminosilicate glass (Spear and Pantano, 1997)

Associate Species Model Is Being Used to
Represent HLW Glass and Spent Fuel

% The glass thermochemistry is moedeled as a solution of' constituent compounds
- e.g., Soda-alumina glass moedeled as ideal solution of
- Na,O + AINaOy + Al;O05
= even though there are at least twoe more phases in the system
% Great simplification over previous methodolegies
< Treat glass thermochemically as a supercooled liguid
- No extra parameters that multiply as systems become complex
- Parameters inherent in species selected for inclusion
- Allows further simplification by eliminating species that are not “important”

I i




The First Step Is to-Build Up the
Model From Constituent Species_

Models for subsystems must be generated

The models must be chécked against established phase equilibria
For glass, this means using the “solution-modetforthe liquid
phase in calculations and determining-iftheligaidas-(melting
points) in the' system reflect reality:

The Chemsage software allows-tis-to-gaickly-assess-the

phase equilibria and determine-the=geodness™oftheit

Liquid associate species with well-known thermodynamic

Example of Ideal Mixing of
Liquid Associate Species

NaOg Al g NaAD o
AG((l) = AGS(l) + RT Inx,
AG((lor) = Z{x AG((l}) }

AG((li) = Z{xAG (l) + RT x;Inx

Supercooled Liquid Solution
Approach Is Used for HLW Glass

properties are derived by “melting” crystalline phases

NaAlO,, = NaAlO,,

BG®sion =
AH%fsion = Trusion ™ BS°fusion
AH(1) = BH((S) + BHfyqi0n

0 at Trusion

aS%(1) = 4S%(S) + 8S°sion

{Hastie and Bonnell - NIST - slag in combustion systems}

Precipitation of Nepheline

(NaAlSiO,) in Specific Waste
Glass Formulations Is an Issue
+ Addressing the issue of nepheline precipitation is a good example
of the utility of the model
% Precipitation of nepheline weakens glass network and adversely
affects glass durability (H. Li, et al., 1997)
Experiment indicates significant effects of other glass formers and
modifiers
Nepheline precipitation therefore limits loading of wastes that are
rich in Na,O and Al,O,

Comparison of Computed and
Published Nepheline-Albite-Silica
Phase Diagrams Demonstrates
Model Accuracy

Published (No. 10013

Model Currently Includes Almost All
Base Glass Constituents

_ Database For Na,0-Al,0,-B,0,-SiO,
Needed for Modeling
Nepheline Precipitation

Glass -~ Solution Phase
,a,o",, AliB; 50 AlLO;
“ALO, AlS,0, A1,0; (gamma)
B,0, BO;

AlgSi, 051/ S0, (cris)
NaB,05/3 S0, (trid)
NaBO,:/1 S0, (quar)
Na;B,0,:/3 Na,0
N&,B,0,5:/5 Na;BO,

Na,O

Crystalline Phases

Na;B,0;
NaBO,
Na;B.0;
NaB,0,
Na;B,O
NaB,O,
NaBOjs
Na,SIO;

Na,SIO;
Na;Si,05
NaAIO,
NaAl; O
NaAl,,O;,
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Computed Nepheline-Glass
Stability Region Brackets
Experimental Results

Expil. results of
nepheline precip. expts.
(Li, etal, 1997)

o No nepheline precip.
Nepheline precip.

Computed Boundaries
NoB,O,
—— 30W%B,0,

Equilibrium Nepheline Formation
mperature Over The Nepheline=Albite
Composition Region

=4
High Silica/Boria Content

Suppresses the Computed
Amount of Nepheline

Nephline

Similar Effect of Boria on
_Nepheline Content Also Seen
At Lower Silica Content

Initial Experimental Results of the Phase
Equilibria of the Na-U-B-O System

MassFracion Al
No Boria and 30_wf‘7/o Boria

A Known phases

Experimental Determination
of a Partial UO3-B,05 Diagram

waeo
s

xpaan-an

N gme o Experimentally Observed

Phases At These Compositions

Bhases anditransitions determined by XRrand DIA

NaAlo,

Na,S0, (215)
Na,Si0, (2/3)
Na,Si,0; (12)
NaAISIO, (2/3)
NaAlsi;bE )

Computed Liquidus for Nepheline-Albite
Composition Region

03 04 05 08

s Fraction Albite Composition

30 wt.% Boria assuming all phases can form

Conclusions

+» The associate species approach for complex systems is
simple, relatively accurate, and highly usable for describing
« Liquidus surfaces
« Conditions for crystalline phase formation
+ Chemical activities of glass constituents
+» We have developed a base model for waste glass systems
that agrees reasonably with published phase diagrams
+» As an example of use of the model, the computed
composition range for precipitation nepheline shows
a wide area for formation of the phase in agreement
with experiment
< Initial experiments in the Na-U-B-O system have provided
guidance with regard to phase stability

Future Work

+» Complete the base glass model by including
remaining components

<+ Introduce fission product, transuranic, and other
trace components to the model

+» Support TFA and other EM researchers in solving
problems such as melter spinel precipitation

<+ Provide coherent model to TFA and other EM
researchers for their use

+» Apply associate species model to spent fuel to
obtain chemical activities of actinides, fission
products, and other components

<+ Investigate issues such as the stoichiometry of
melt species in the associate model and their
relationship to cluster formation in oxide liquids




