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LEGAL DISCLAIMER
This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their
employees, nor any of their contractors, subcontractors or their
employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or any third party's use or the results of such use
of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or
subcontractors. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced from the best available copy.
Available in paper copy.
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Crystallization in a Multicomponent Glass
under General Conditions

Various circumstances influence
crystallization in glassmaking,. for example

-Crystals nucleate and grow before the glass
forming melt occurs
-Crystals grow or dissolve in flowing melt and
during changing temperature
-Crystals move under the influence of gravity
-Crystals agglomerate and interact with gas bubbles
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Crystallization in HLW Glass

-High-level wastes (HLW) are mixtures of a large
number of components in unusual proportions
-Melter processing ofHLW and the slow cooling of
HLW glass in canisters provides an opportunity for a
variety of crystalline forms to precipitate
-Settling of crystals in a HLW glass melter may
produce undesirable sludge at the melter bottom
-Crystallization of the glass product may increase,
but also ruin chemical durability
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Crystalline Phases that Form in
Nuclear Waste Glass during

Melting
o Sodium Nitrate
o Spinel

~Quartz

o Sodalite
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f-tHematite and spinel
MS-7, 950°C, 5 h

• +--
Zircon, hematite and

spinel

RU-Al-6, 940°C, 24 h
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Phase Equilibria
Liquidus Temperature (TL )
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Spinel TL versus Ionic Potential (Pi)
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Spinel TL VS. Pi

Ti coefficients for Ni, Mn, and Cr

tion' tcov' 8 ion' 8 cov coefficients for ionic and
remaining components

Xi mole fraction of the i-th electropositive element

Coefficients for ionic and remaining components can be
estimated also for components for which no data exist
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Equilibrium Concentration vs.
Temperature
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Crystal Growth
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Crystal Growth and Dissolution
Hixson-Crowell Equation Ida ="._1r_~(n~ _a3 )
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Diffusion-Controlled Dissolution of Falling Particle

Concentration-boundary-layer thickness around a dissolving
or growing spherical particle (Levich)
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Temperature and Velocity Fields in a Melter
for Nuclear Waste Glass

Duratek HLW model, Case 2A: Feed, 2el
Front View [YZ)
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Duratek HLW model, Case 5A: Feed, 2el, bubl
Front View (YZ)
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Impact of Crystals on Melters
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Heat treated at 1303°
(15.3 mass% )

Spinel Sludge
+-Heat treated at 1035°C

(25.8 mass% )

.....-~--- - \.1Heat treated at 1250°C
(16.4 mass% )

Heat treated at 1400°C
(28.6 mass% )
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Zr-Containing Phases
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Avrami Equation in Differential Form
(n-l)/n

•

C = nkA(C
O
-C) -In Co -C

C -Co i

n is Avrami exponent

The differential form is necessary to obtain the
evolution of crystallinity during changing
temperature.
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Crystallization at dT/dt = const.
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Crystallization in Canister
Process stages
1) Stream of melt from melter spout to canister
2) Melt flows from the point of impact towards canister wall
3) Melt rests on the top surface of glass in canister
4) Top melt is covered by the subsequent layer
5) Glass cools down
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Effect of Minerals on Chemical
Durability of HLW Glass

Only a few minerals (nepheline) reach a high enough fraction in
glass to affect chemical durability.
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Conclusions
• Crystal growth and dissolution typically proceed

in a convective medium at changing temperature
• To represent crystallization or dissolution

- the kinetics must be expressed in the form of rate
equations, such as

'~~=f(C,1)

- The temperature dependence of kinetic coefficients and
equilibrium concentrations must be accounted for

• Non-equilibrium phenomena commonly occur:
- metastable crystallization
- periodic distribution of crystals
- dendritic crystal growth

3:( I
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