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Abstract

In the pyroprocessing of spent nuclear fuels, LiCI-KCl waste salt containing radioactive rare earth chlorides are
generated. The radioactive rare earth oxides are recovered by co-oxidative precipitation of rare earth elements.
The powder phase of rare eath oxide waste must be immobilized to produce a monolithic wasteform suitable for
storage and ultimate disposal. The immobilization of these waste developed in this study involves a solid state
sintering of the waste with host borosilicate glass and zinc titanate based ceramic matrix(ZIT). And the rare-earth
monazite which synthesised by reaction of ammonium di-hydrogen phosphate with the rare earth oxides waste,
were immobilzed with the borosilicate glass. It is shown that the developed ZIT ceramic wasteform is highly
resistant the leaching process, high density and thermal conductivity.
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Table 1. Composition of R7T7 glass frit.

Component R7T7 Glass Frit
SiO, 56.7
B0, 12,4
ALO, 26
MgO 2.1
CaQ 4,1
Nap,(O 17,5
TIO, 4,6
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Table 2. Composition of RE-oxide wasteform (wt%)

Glass Monazite Glass ZIT cerarmic
Wasteform Wasteform Wasteform
7n,TiO; 48
CaHPO, 14
S0, 8
B,O; 10
RE-Oxide{mixture)* 20 20 20
R7T7 glass 80 80
*Simulated composition of RE oxides;
Nd,0; 59w1%, CeO, 23 W%, La,03 12wm1% 1] Y0, 6wi%
“*RE-monazite 28.2w1%, **R717 glass 71.8w1%
* o CagNde(Si0): 02
k ak *
LAY * —]
AR *"M .IM..W.J.A; was
0 10 20 30 40 50 60 70
2 theta

Fig. 1. XRD pattern of vitrified product prepared by R7T7 glass
frit and 20 wt% of Nd,0O3.
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Fig. 2. SEM images and EDS results of fracture surface of the
vitrified product prepared by R7T7 glass frit and 20 wt% of
Nd,Os.
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Fig. 3. XRD patterns of reaction product of Nd,O3 with ammonium
di-hydrogen phosphate according to different temperature for 1
hr reaction.
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Fig. 4. XRD patterns of reaction product of CeO, with ammonium
di-hydrogen phosphate according to different temperature for 1
hr reaction,

Ce*0, + NHM,PO,
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Fig. 5. High temperature solid-state synthesis mechanism of Ce3+
PO, from a Cet+0, + NH,H,PO, starting mixture.
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Fig. 8. SEM and back scattering images of ZIT ceramic wasteform.
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Fig. 9. Photographs wasteform; (a) RE-oxide glass, (b) RE-monazite
glass and (c) ZIT ceramic wasteform
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Fig. 10. Physical properties of wasteform.

Fig. 11. Leach rate of wasteform elemments according to PCT-A
leach test.

Table 3. Leachate ion concentration of PCT-A leach test of RE-oxide wasteforms

=N unit: pg/m
Ca B P i Al Ti In Ce Nd Y La Na
Ouie-| 29 | 226 406 | 19 | 017 | 03 | osz | 031 | 001 | vo7 | 98.3s
Monazite
lorazte| 4 195 | 22 | s21 | 296 | o1 | o2t | 021 | 085 | o0as | o1 | ssm:
Monazite -
~Ceramic 112 173 0.99 <0.05 <0605 0.07 0,605 | <0006 | <0005 | <0.005
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