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Introduction

Long term storage of Mo-rich liquid nuclear waste leads to formation of insoluble precipitates (main component: Cs;PMo,,0,,) [1]. Immobilization by
vitrification of this Mo-rich compound is a challenge due to phase separation during the vitrification process [2]. Mo-content limits waste loading of the glass

and thereby causes large guantities of waste. VPC* borosi
loading. The products have been investigated by several s

iIcate glass was used to vitrify simulate of a MoO, rich nuclear waste residue with varying MoO,
nectroscopic and microscopic technigues. The obtained results will help to predict the possible

formation of soluble species, which might be mobilized in case of water intrusion into a nuclear waste repository, thereby supporting long time risk
assessment. *(VPC = Vitrification Project China)
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Mo K-edge HR-XANEST

Linear Combination Least Squares
(LCLS) fits:

d Quantitative speciation of Mo-

phases in heterogeneous samples
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BaMoO,

Thigh energy resolution XANES (HR-XANES)

Absorption [a.u.]

2.4

2.0 S

-
2]
1

-
(%)
|

0.0

ol N

o E Y

1 L 1 L
e — ———

12 wt% MoO,

8 wt% MoO L

N82M004

Na-SiBMo glass 6 wt% MOO;

-
[<}]
|

5 wt% MoO5

4 Wit% MoO

-
N
1

2 wit% Mt:cO3

Absorption [a.u.]

= 0,
Ca-SiBMo glass Twmis Mooa

e
o

©
'
|

0.0

T ; T y T ' T y
20000 20020 20040 20060 20080 20100 20000 20025 20050 20075 20100

weight of reference spectra [%/100]

Energy [eV] Energie [eV]

-
o

| | | | | |

Ca-SiBMo
= L Ba-SiBMo
¥ Na-SiBMo -
Gl ¢ CaMoO,

v BaMoO A

™

o
oo
|

=
o
!

©
'
l

ot
N
|

S
(=)
l

o
N
» 4l
D
o0
—
o
—
N

®(MoO,) [Wt%]

Na K-edge XANES

Absorption [a.u.]

a b

Glass spectraresemble
the Na-SiBMo spectrum

12 wt% MoO,

8 wt% MoO,

6 Wt% MoO,

Absorption [a.u.]

2 wt% MoO,

iIndependent of the MoQO,
concentration:

] No formation of
sodalith Na2M004

Na,B,O,

_JK/\_‘/\—A 3 Confirms Mo K-edge
—  HR-XANES results

Ca L;-edge XANES

— 0.5 wt% MoO,
—— 12 wt% MoO,
—— CaMoO,

Absorption [a.u.]

12 wt% MoO,

4034 4036 4038 4040
Energy [eV]

8 wt% MoO,

5 wt% |'\!'|OO3

Absorption [a.u.]

4 wt% MOOS

0.5 wt% MoO,

L] I L} I L]
4020 4040 4060 4080 4100 4120 4140
Energy [eV]

Weak spectral trend towards
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1 Double pre-edge (a, b) In
12 wt% MoO, indicates
formation of CaMoO,
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Post-edge feature shifts to
higher energies:

d Increasing contribution of
crystalline BaMoO, towards
high MoO; concentrations
(LCLS fit analyses)
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* Waste loadings above 5.3 wt% MoO, lead to formation of spherical crystalline phases of water-insoluble CaMoO, and BaMoO,. For low MoO, concentrations (0.5 wt%), Mo

prefers Na* as charge balancing cation.
 Cs;PMo,,0,, Keggin structure is decomposed by vitrification at 700 — 1300 °C, nevertheless the waste products are suitable for final disposal in a deep geological repository.
« Advanced synchrotron based HR-XANES technique allows quantitative speciation of amorphous and crystalline MoO;, rich glass phases.
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