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Context : research for nuclear
glasses with high waste loading

Nuclear glass
Alkalis (Cs, Rb) ;
Alkaline-earths (Sr, Ba) ;
Rare-earths
Transition metals (Mo, Zr, Tc)
Chalcogens (Se, Te)
Halogens (I, Br)
Noble metals (Ru, Rh, Pd)
Others (Ag, Cd, Sn, Sb...)

Main families of FP in UO, spent fuel initially enriched with 3.5% 2°U

Calcine
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Aims of the study and method

Model glass A (mol%) :
SiO, - Al,O, - B,O, - Na,O - CaO - ZrO, - Nd,O,
61.8 3.0 9.0 14.4 6.3 1.9 3.6




Aims of the study and method

Model glass A (mol%) :
SiO, - AIO - BO Na,O - CaO Zr'O
61.8

Use of glass series and spectroscopic tools (NMR, Raman, Vis
absorption, EXAFS)

- Simple reference glasses .
.Ca0/ Na O ratio and alkali type Focus on the Nd

- Nd O, content from 0 to 30 wt% (7.5 mol%)

environment and
crystallization




Nd*" environment in the model glass

Composition (mol%)

Na-silicate 74.38 SiO, - 21.29 Na,O - 4.33 Nd,O,
Na-rich borate 64 B,O, - 35 Na,O — 1 Nd,O,
Na-poor borate 79 B,O, - 20 Na,O - 1 Nd,O,

Nd aluminosilicate 75 SiO, - 15 ALL,O, - 10 Nd,O,

Nd metaborate 75 B,0O, - 25 Nd,O,

BO's and
NBO's
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Na-rich borate 64 B,O, - 35 Na,O — 1 Nd,O,

Na-poor borate 79 B,O, - 20 Na,O - 1 Nd,O, ) '
O's and
Nd aluminosilicate 75 SiO, - 15 ALL,O, - 10 Nd,O, NBO'
S

Nd metaborate 75 B,0O, - 25 Nd,O,

NG Study by optical absorption spectroscopy at low temperature
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Nd*" environment in the model glass

~._ Nd-aluminosilicate

. Nd-metaborate

\..
\./"/_H\ b3
S ——

Na-poor B

: ik Y Na-rich B
\/ \-./’_"‘\
Rl e,
Glass A

&)
g,
=
e
[
=
©
=
=
3}
o
=

Na-silicate

R (Angstroms)
Nd L -edge EXAFS at 77 K




Nd*" environment in the model glass
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« Mean dNd-O between 2.44 A and 2.50 A
R (Angstréms) depending on Ca**/Na" ratio or alkali type
» Consistency between dNd-O bond

Nd L3-edge EXAFS at 77 K distance and nephelauxetic effect




FT (k3 chi(k)) amplitude

Nd*" environment in the model glass
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Nd*" environment in the model glass
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Majérus et al., INCS 2008
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Nd*" environment in the model glass
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Normalized intensity (a.u.)

Effect of Nd 203 content on the

aluminoborosilicate network

depolymerized
SiO, units

Si-O-3Si \  depolymerized
Nd-O BO, units
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Raman spectra (A__ =488 nm) on glass A series with 0 to 30 wt% Nd_O,




Effect of Nd 203 content on the

aluminoborosilicate network
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Effect of Nd 203 content on the

aluminoborosilicate network
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La O, incorporation has little effect on AlO, units, that are
charge compensated by Na™ ions



Effect of Nd 2()3 content on the
aluminoborosilicate network
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Summary of Nd O, incorporation into
the model glass

@
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Consistent with the
formation of the Nd(O),

coordination sphere




Summary of Nd O, incorporation into

the model glass

| l Error bar

+50°C increase of Tg!

o 1 2 3 4 5 6 7 8
Nd, O, (mol%)

Consistent with the
() si Oo On Oca (O na formation of the Nd(O)7

coordination sphere



Summary of Nd O, incorporation into
the model glass

Nd203 + 4 NazO
— 2 (Nd** + 3NBO + 4 NBO) + 8 Na*

! 1




Availability of charge compensating
cations as a function of Nd O, content
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Nd, O, (mol%)



Availability of charge compensating

cations as a function of Nd 2O3 content
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Crystallization study
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Crystallization study
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Crystallization study

Crystallization of a
Nd-silicate apatite
beyond 4 mol% - 16
wt% Nd O,




Summary and composition changes

Disordering of the
Nd-O distance
distribution

No evidence for
Nd-Nd 2¢°
neighbours
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Nd L -edge EXAFS at 77 K




Summary and composition changes

Disordering of the
Nd-O distance
distribution

No evidence for
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What happens when CaO and
Na O are lacking

> In ALO, enriched glass ?

> In B,O, enriched glass ?
O. Majérus et al., JNCS. 357 (2011) 2744-2751
Nd L -edge EXAFS at 77 K




Nd** in peraluminous glasses
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Nd** in peraluminous glasses

®
3
S
-~
=
0
®
E
p—
—
=,
=
o
Lt
=

r (Angstroms)




Nd** in peraluminous glasses
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Nd** solubilization in the glass

I ; il Slow cooling from
r (Angstroms) the melt at
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Model glass A (mol%) :
SiO, - AlL,O, - B,O, - Na,O - CaO - ZrO, - Nd,O,
61.8 3.0 9.0 14.4 6.3 1.9 3.6

- A well-defined 6-8 O coordination sphere is inferred from the Nd**
spectroscopic data (optical spectroscopy and EXAFS)
- Compensation of the excess negative charge of the Nd(O), complex is

provided by Na* and Ca*" ions. Good agreement of the mean Nd-O distance
and the BV-BL calculations considering the Nd(O), model

- Nd O, incorporate within the depolymerized areas and create NBO's

mostly as Q? units
* There is an obvious relationship between the composition threshold where
modifier oxides are « lacking » to form the Nd(O)_ complex and the

crystallization of Nd-silicate apatite
« Nd°* ions can play different structural roles in the aluminoborosilicate

system with very different compositions to that of glass A (peraluminous,
LaBS glasses, etc)
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