BACKGROUND

Why is nepheline formation an important
consideration for nuclear waste glass reliability?

* Removes network forming atoms (Al, Si) from glass matrix

* Usually results in lowered chemical durability as measured
by leach test (Product consistency test, PCT)

What are the factors involved in nepheline formation?

Chemical
* The right ratio of atoms must be available
* Nominally, nepheline mineral is (Na,K)AISiO, but b
vacancies and other atoms such as Ca and Fe can be
incorporated

* Phase diagram shows normal composition range of
nepheline formation

Kinetic
» Slower cooled glass in canisters has the time to
nucleate crystals and grow them, removing Al and Si
from the network , reducing glass durability

How do we choose glasses that will not form
nepheline?

Nepheline discriminator Nepheline structure (Tait et al 2003) showing Si (dark tetrahedra), Al(light tetrahedra),

) L. . Na (yellow) and K (red). Other atoms can substitute in this structure
* Use phase diagram to ensure enough Si (in wt%, w) is
available relative to Al and Na such that nepheline does
not form at equilibrium

We.
ND = 50, <0.62

M}SiO2 + WA1203 + wNaZO

» Limitation: only considers Si, Al, and Na content; other
atoms (e.g. B and Ca) are known to affect nepheline
formation

Optlcal basicity
Proposed as a supplementary criterion
» Related to chemical bonding and behavior
» Acidic (Si, B, P), basic (Na, K, Ca), and intermediate (Al)
» Calculated based on relative amounts of oxide (in mol%,
X), number of oxygens (q), and tabulated relative basicity
coefficients ()

Zmiini

OB=-—=——->0.575 Na,0-Al,0,-SiO, phase diagram of Osborn and Maun 1960 in (Li et al 1997) showing nepheline
mdq; (Ne), carnegeite (Car) , albite (Ab) and other phase fields
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Current research approach

» Compile existing data for glasses with reported nepheline vol% crystallization and/or PCT response

» Calculate ND and OB for these and test utility of OB criterion

« Examine regions where data is sparse and make new glasses, testing nepheline crystallization and PCT
+ Compare ND vs. OB graphs to others based on Al-Na-Si ternary
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Procedure

* Made ~70 new glasses, many based on HLW-E- 80
ANa-05 (Matlack et al 2007) and EM09-Li20m-B
(McCloy et al 2010), most of which are in Quadrant
IV, the region of immediate interest.

+ Quantitative XRD on these glasses as well as some
SRNL (SB5NEPH, NE3, NP2 series) and VSL (HWI-
E-Al, HLW-E-AI series) (~125 total)

nepheline vol%

» Different data visualization tools (Excel, Sigmaplot,
OriginPro) used to investigate data (954 datapoints
in crystallization dataset)

Interim results

» OB criterion does predict behavior of glasses where
Ca0 and B,0; are added. The ND vs. OB quadrant
system does appear to parse the data in a
meaningful way.

zero-HT
+ 0<x<5%
A 5<x<20%

* HLW-E-AI-05 glasses precipitate nepheline while Lao
EMO09-Li20m-B glasses precipitate lithium T8, could be zero

* pyroxene, augite

aluminosilicates (i.e. eucryptite or spodumene).

» OB criterion does not consistently predict the
crystallization behavior of glasses in Quadrant IV
with the base compositions HLW-E-ANa-05 and
EMO09-Li20m-B families

Optical basicity

* Some other factor must also be involved, so
ternaries were also investigated to provide additional

insight
1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3
Nepheline discriminator
Base glass compositions
Weight % Mol % Vol% nepheline
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ALO, 27.47 2361 ALO, 17.75 16.039 0.75 4 10
B,0, 9.42 14.41 B,0, 8.92 14.3(
BaO 0.00 0.0: BaO 0.00 0.01| 18
8,0, 134 1.2 Bi,0, 019 019 20
Ca0 123 0.8 Ca0 145 0.99 25
Cdo 0.00 0.01 cdo 0.00 0.0 0.70 4 30
0, 0.60 0.7 Cr,0, 0.26 0.39 35

F 0.76 025 F 265 0.9 2>
Fe,0, 6.76 311 Fe,0, 279 1.3 © 40
K,0 016 0.7 K,0 011 0.54 8 0.65 + 45
Li,0 9.14 3.5¢ Li,0 20.16 8.3 o 50
MgO 0.13 0.24 MgO 0.22 0.41) a
Na,0 410 14.0f Na,0 4.36 15.7 o
NIO 045 011 NiO 040 01 B 0.60 -
P,0; 1.21 2.24) P,0; 056 1.09 O
PbO 0.47 0.1 PbO 0.14 0.0:
SO, 0.00 0.24 SO, 0.00 0.21]
sio, 36.20 33.89 sio, 39.80 39.04 0.55
TiO, 0.00 0.19 TiO, 0.00 0.17|
ZnO 0.00 0.2 ZnO 0.00 0.17|
210, 045 0.44] 0, 0.24 0.0
Total 99.98 100.1 Total 1000 100. 0.50 . ; : : . ; . : . ; . :
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SUMMARY
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Discussion

Large data sets used for analysis
« ~1000 data points in nepheline volume fraction study
* ~400 data points in PCT study

w0\ / ; A Quadrant system
0.00 025 0.50 075 100 * In Quadrant | there is a risk of crystallization and poor PCT
A203 (wt% normalized) « Optical basicity seems to explain effects of additions of
Variation of optical basicity with composition. Note CaO and B,0; seen in (Fox et al 2007). CaO substituted
regions of high basicity in high SiO, region due to high for Na,O on an equimolar basis reduces the susceptibility

basici ts other than Na,0 . R ; o
asicity components other than Nay to nepheline crystallization whereas CaO in addition to

Na,O raises the susceptibility. Higher OB leads to

Conclusions nepheline formation. B,O,, on the other hand, is very
acidic, so additions lead to less likelihood of nepheline
formation.

Composition effects on durability

» PCT(Q vs CCC) and relationship to crystallization
pioneered by (Kim et al 1995). Parsing the data by
quadrant shows again that glasses in Quadrant | are the
most problematic for nepheline crystallization and poor
durability.

« Additional glasses from this study (HLW-E-ANa-05
glasses and EM09-Li20m-B glasses) are currently being
tested to see if PCT is more predictable with crystallization
in Quadrant IV than in Quadrant |
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