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Motivation
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The Nepheline problem

Canister centerline cooling Large crystals in some cases
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Previous work on nepheline formation
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Overview

 Crystallography — nepheline & related minerals
e Composition from complex waste glasses
» Effect of different cooling conditions

» Glass composition effects
= Al/B
= Al/Fe
- Na/Ca
= Na/Li

S 15 el
L Davis Hill Dungannoiisss
Bancnoft.Ontario



Crystallography: (A,AE)(AlB,Fe)SiO,

Nepheline (NE)

@ NaAISiO, Eucryptite (EU)
5 ® e LIAISIO,
o offh - o HEXP6,22

@ e

Malinkoite (MA)
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Hex P6,

Na, Fe: no mineral
Li, Fe: no mineral
Ca, Al: Anorthite
Ca, B: Danburite

NEPHELINE: (Na,Ca,Mg,n),-:°"(K,Na,Ca,n), ,s"*(Al,Fe)SiO,



in complex HLW glasses
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Effect of heat treatments

Time-Temperature-Transformation

A4 glass (high Li)
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Effect of Al/Fe: NaAl,_,Fe,SiO,
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TAl Quadrupolar coupling

Effect of Al/B: NaAl,,B,SiO, glass structure
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Effect of Al/B: Nepheline crystallization

Low B in NaAl,_B,SiO,

) Some compositions with Si~B~Al
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Effect of Na/Ca: Nepheline crystallization

Na-23 in Na,,Ca,AlSiO,;
Large amounts of Neph +Ca, Na-O bond lengthen;
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Effect of Na/Li: Nepheline crystallization
Na,.Li AlSiO,
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Implications

*Glasses & crystallized glasses should be studied
‘NMR, Raman, EPMA, XRD, magnetic methods, Mdssbauer

*Cooling conditions strongly influence amounts of
nepheline, in some cases phases and/or compositions

*Fe, Ca, and likely Li go into nepheline; B does NOT go in
*High Fe and B generally suppress nepheline
Li and Ca have more complex effects

Future
*Quantify amount of Ca that can go into nepheline
*Further defined the change in B with crystallization
*Explore any role of Ti and of combined effects

*Role of alkali/AE coordination on crystallization tendency
‘Recommend composition adjustments to avoid crystallization

*In-situ synchrotron crystallization experiments "
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