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Nuclear Fuel Reprocessing and Radiation Chemistry
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Our ( the Fundamental Radiation Chemistry Group) Goal

Provide quantitative mechanistic insight into radiation-
induced processes to facilitate prediction of:

1. Actinide and other key element redox distributions
2. Solvent system component lifetimes and chemistry

3. Optimum ligand and solvent system design
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Effect of Complexation on Ligand Radiolysis (FY20-21)

Baxter et al., ChemComm, 2021, in preparation.
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Metal ion complexation alters electron distribution and sterics, ultimately

influencing ligand radiolysis!




Effect of Additives - Octanol as a Phase Modifier (FY20-21)

- Octanol has been proposed as a phase 3 aneciiibey ®
modifier for TODGA based extraction - %
£ [1-octanol] 8
systems, e.g., ALSEP. ;
* 3 conflicting radiolysis studies on the ' o
effect of octanol on TODGA degradation. = = o P e
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Effect of Additives - AHA for Pu/Np Reduction (FY21)
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Effect of Additives - CDTA for Zr Retention (FY21)
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Radiation-Induced Actinide Redox Chemistry (FY21) - Pu
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Actinide radiolysis alters oxidation state
distributions and can yield exotic states
with high redox potentials.
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Summary

1. The Fundamental Radiation Chemistry Group aims to provide predictive
capabilities for process design.

2. Metal ion complexation alters electron distribution and sterics, ultimately
influencing ligand radiolysis.

3. Additives can play a significant role in altering the outcome of radiolytic
processes.

4. Actinide radiolysis alters oxidation state distributions and can yield exotic
states with high redox potentials.

5. Understanding fundamental mechanisms is critical for designing
Innovative processes.
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Future Challenges and Innovative Research Avenues

* Diluent Composition Effects on Ligand Rad/olysis (e.g., n-
dodecane, odorless kerosene, TPH, Isane-175/185) - ionization
potential, extraction efficiencies, variation sensitivity, etc.

» Organic Phase Radiation-Induced Neptunium Redox Chemistry?
* Radiation-Induced Technetium Extraction Behavior?
* Yoloxidation/Direct Dissolution Mediated Changes in Radiolysis?

» Jailored Ligand Degraadation - can ligands be designed so that
their inevitable degradation products facilitate recycle goals, e.g.,
Tc stripping?
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Deliverables (FY20-21) :

1. Toigawa et al., PCCP, 2021, 23, 1343-1351. Chemistry ..

Ami

DOI: https://doi.org/10.1039/DOCP0O5/720G.B. 0
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2. Horne et al., PCCP, 2020, 22, 24978-24985.
DOI: https://doi.org/10.1039/D0OCP04310A.

3. Horne et al., Rad. Phys. Chem., 2020, 170,
108636. DOI:
https://doi.org/10.1016/j.radphyschem.2019.
108636G.

4. Horne et al., Rad. Phys. Chem., 2020, 170,
108608. DOI:
https://doi.org/10.1016/j.radphyschem.2019.
108608.
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