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Nuclear Waste: A Dread
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*T. Kaiba, Fig. 2, Advantages and dis-advantages of nuclear fuel reprocessing (2015)



Nuclear Waste: A Dread
/
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How can environment
be saved from

hazardous effects of
radioactive wastes.?



Waste Management
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Potential Waste Forms

| Glasses |
» Borosilicate glasses-- (Na-,Ln-, Pb-, Ca-)
» Alkali-Tin-Silicate glasses

- Resistant
| Glass ceramics | o
> Phosphate glasses— (Fe-, Al-) _ ‘damage
| Ceramics | N .
> Oxides- Semens - why oading
“*Zirconia (Zr0O,) ceramics
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“»Perovskite (CaTiO,)
“*Pyrochlore (A,B,0-)
“*Zirconolite (CaZrTi,0,)

Absence of phase
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High
thermal and
mechanical
stability
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< Spinel (MgAl,O,) At/
> Silicates-

% Zircon (ZrSiO,)
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Preferable Ceramic Materials

Materials Aqgueous Chemical Waste Loading Radiation Volume Swelling

Durability Flexibility Tolerance




Zirconolite

Ca2+

dZirconolite Is one of the titanate
based ceramic phase for the
Immobilization of actinides and
lanthanides.

dldeal chemical formula is
CaZrTi,0..

Ti Layer »
-

1t has a monoclinic layered type
structure with space group C,,..




Zirconolite

Ca2+

Rare-Earth Elements (REES),
Th, U, Mn and Sr

Waste

Incorporation

Ti Layer

Mg, Fe (I1), Fe (111), Nb, Pu,
Al Cr, Mn, Zn, Ta, W
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Radiation Simulation
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Swift Heavy lon Induced Effects

Thermal Spike Model
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Research Activities

Solid State Reaction

CaCO; + Nd, O, + ZrO, + 2 TiO, + ALL,LO; =

»Homogenization and pelletization
»Sintering: 1200 °C/4 hrs
and 1400 °C/16 hrs
»Heating rate: 3 °C/min
»Cooling rate: 2 °C/min




Characterization K Lamellar
YRD ; Structu re
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»Monoclinic structure with space group C,,
a=12.4526(5) A, b = 7.2694(3) A,
¢ =11.3844(4) A and p =100.605(3)°
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*M. Gupta et. al. Nucl. Instr. Meth. B 379 (2016) 119



High vacuum chamber

CCD Camera

Kapton window for reflected x-ray
Sample cooling (20K) unit

XRD goniometer

Dial gauge used for controlled
gas atmosphere XRD

*Kulriya et. al., Rev. Sci. Instrument 78 (2007) 113901

Irradiation Induced XRD Effects
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Research Activities

Irradiation Induced XRD Effects

Amorphous Fraction Calculation
Lattice Expansion
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Research Activities

Irradiation Induced Raman Effects
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Summary

* |rradiation with 120 MeV Au* ions in fluence range of 1x101-14
jons/cm? at room temperature

« XRD and Raman investigations:
* Loss of crystallinity
« Amorphization in the form of ion tracks
* Bonds distortion to TiO;

« Stability and durability of zirconolite in high (electronic) energy
regime too
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