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Types of target materials
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UC, pellets

Materials
(since 2000)

15 mm

200 mm

J.P. Ramos (2020). Nuclear Instruments and Methods
in Physics Research, Section B. 463(May), 1-10.




Target disposal

ISOLDE hot cell

18 target/year 20+ years Target dismantling starting 2022
(>60% UC,) 300+ targets




UC, target materials: Not suitable for long-term storage

Uranium carbide (UC,) pellets

GLOBALLY HARMONIZED
SYSTEM OF CLASSIFICATION
AND LABELLING OF
CHEMICALS (GHS)

T —

Definition:

A pyrophoric solid is a solid which, even in
small quantities, is liable to ignite within five
minutes after coming into contact with air.




Target disposal - UC,,

ISOLDE hot cell

18 target/year 20+ years
(>60% UC,) 300+ targets

UC, pellets U,O4 powder




Microstructure vs Isotope release
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Pyrophoricity of UC, target materials
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Micro- and nano-structured UC, materials development
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Oxidation kinetics studies

Material characterization Thermal analysis Kinetics analysis Model prediction

Nucleation & nuclei growth
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Characteristics of micro- and nano-structured UC,

Materials / High Density Nano Micro Nanofibrous Nano
Characteristics ucC ucC, UC, ucC, ucC,
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SEM/TEM

100nm |||

Key characteristics Dense UC pellet Nano-powder Porous UC, + C Porous Nanofibers nghly porous pellet
High carbide phase composite pellet Large excess of C Bimodal Size distribution
purity >98% UC, High surface area

Phase ucC 76.9 0.9 3.6 0 Expect. similar to
composition ucC, 10.8 86.5 86.7 34.6 Micro-UC,
[% wt] uo, 12.3 0 0 14.8

C 0 12.6 9.8 50.6
Grain size 6+ 3 um 27 £ 8 nm 20-50 pm 4-10 nm (UC,) TEM 160 nm and 2 pm UO,
Density [g/cm3] 12.7 - 3.5+0.8 - 1.4
C/UC, 1<x<2) 0 3.14 2.36 22.7 2.88
SSA [m?/g] 2.2 - 0.9 - 221
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TGA-DTA
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TGA-DTA-MS
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TGA-DTA-MS: UC, oxidation pathway
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Microstructure vs Oxidation be g
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Microstructure vs onset oxidation temperatures and kinetics

SEM/TEM

Particle size

UC/UC, oxidation T [°C]
C* oxidation T [°C]

Ciee Oxidation T [°C]
Reaction model

Activation energy E,
[kJ/mol]

Frequency factor, In A

4-10 nm (UC,) ~160 nm and 2 pHm
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Diffusion (D3) 2"d-order (F2) Diffusion (VC) Diffusion (D3) Diffusion (D3)
123.6 £ 4.0 88.1+11.9 128.6 + 1.7 109.4 + 28.3 789+7.1
16.6 £ 0.8 20.8+£3.2 19.1+0.4 19.0+£6.0 12.4+1.9
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Summary of results
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Micro- grain size

Mechanism:
Diffusion limited
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Nano- grain size

Mechanism: Surface limited (< 30 nm)
‘ Lower onset oxidation temperature
<> Lower activation energy
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Application to UC, waste disposal

Next steps:

= Scale-up studies from mg to 100g
Process exhaust

= Repeat studies on irradiated material Hot Cell ?
= Definition of safe operation conditions | Monitoring |
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