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Used Nuclear Fuel Separations

Used Nuclear Fuel (UNF)
• Contains High-Level Waste (HLW)

» Problematic Minor Actinides (MA)
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Radiation Fields
• Alpha, Beta, & Gamma

» Extractant degradation

UNF Separation Challenges

MA are difficult to separate from Ln(III)
• Chemical behavior

» Oxidation state
» Size
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 Ideal extractant properties for UNF separation
• Robust (against radiation fields)
• Metal extracting properties
• High acidity conditions

Alpha Beta and Gamma Radiation. Vaia.



DGAs – Promising Extractants

 DGA
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 DGA (f)
• Cons:

» Understudied (irradiations, metal
loading)

» Metal loading effectiveness is
dependent on:

• [HA]
• [DGA]
• [M3+]

• Pros:
» Partitioning of An(III)
• High distribution ratio

» Highly stable
• Irradiations

» Low [DGA] needed
» Can be used in both polar and non-

polar solvents (applications)

Ansari et al. Chem Rev 2012, 112 (3), 1751–1772.



Previous DGA Irradiation Studies

Kimberlin et al. Holmbeck et al.
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Kimberlin et al. Phys. Chem. Chem. Phys. 2022, 24 (16), 9213–9228.



Metal ion complexation will
accelerate the degradation rate
of a DGA
• Metal
• DGA structure
• Solvent

Hypothesis
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Goals
• Various DGA analysis in UNF

conditions
» Degradation
» Radicals
» Metal loading

 Impacts
• f-block exploration
• Future NFC implementation

HNO3



DGAs of Interest
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DGA Metal Loading

Chemical behavior  An(III) and Ln(III) in UNF
• Oxidation state
• Size
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Metals of choice:
• Neodymium (Nd)
• Europium (Eu)
• Gadolinium (Gd)
• Ytterbium (Yb)

+3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3 +3

+3 +4 +5 +6 +5 +4 +3 +3 +3 +3 +3 +3 +3 +2 +3
Periodic Table with Radioactive Elements Highlighted. Environmental Protection Agency.



Gamma Irradiation Experiments
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DGA Irradiator Sample Prep
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Horne et al. Phys. Chem. Chem. Phys. 2020, 22 (43), 24978–24985.

Organic

• 50 mM DGA
• n-dodecane

Pre. Eq.

• Organic solvent system
• 3 M HNO3
• 3x contact w/ 1:1 org. to aq.

Biphasic

• 1 equiv. pre-equilibrated solvent system
• 1 equiv. 3 M HNO3

Pre. Eq.
w/ Ln(III)

• Pre-equilibrated solvent system
• 20 mM Ln(III) in 3 M HNO3
• 1 contact w/ 1:1 org. to aq.

Biphasic
w/ Ln(III)

• 1 equiv. Pre-equilibrated w/ Ln(III) solvent
system

• 1 equiv. 3 M HNO3
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Post Irradiation Analysis

M. Bronstetter, November 16th, 2023, NFC3, Slide 11

Zarzana et al. Solvent Extr. Ion Exch. 2015, 33 (5), 431–447.

Dioctylamine

T2EHDGA

TODGA



Impact of Metal Ion Complexation on TODGA
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Horne et al. Phys. Chem. Chem. Phys. 2020, 22 (43), 24978–24985.



Impact of Metal Ion Complexation on TODGA
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TODGA Solvent Matrix Studies
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Solvents:
• Hexane
• Octane
• Decane
• Dodecane



Impact of Solvent Variation on TODGA
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Horne et al. Phys. Chem. Chem. Phys. 2020, 22 (43), 24978–24985.



Impact of Solvent Variation on TODGA
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Search for Species Data by IE Value. National Institute of Standards and Technology (NIST).



Conclusion
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HNO3
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Thank you!

M. Bronstetter, November 16th, 2023, NFC3, Slide 19

HNO3
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Types of Radiation

Gamma / X-ray (neutral)
• Photon
• Varying energies
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Beta (-,+)
• Electron / positron
• High energy

Alpha (+)
• Helium nucleus
• High energy

Neutron
• Varying energies

Types of Ionizing Radiation. Mirion Technologies.



SNF Component Characteristics
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Shannon-Prewitt Effective Ionic Radius Table. KnowledgeDoor.



 TRPO (b) and DIDPA (c)
• Pros:

» Lower acidity An partitioning
• Cons:

» Low acidity use

 CMPO (a)
• Pros:

» Bifunctionality
» High [HNO3]

• Cons:
» Multiple contacts needed

Previous Ligand Studies
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Ansari et al. Chem Rev 2012, 112 (3), 1751–1772.



Previous Ligand Studies
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 DMDBTDMA (d) and DMDOHEMA (e)
• Pros:

» Back extraction
» Incinerable

• Cons:
» D value for An(III) are low… high [ligand]

Ansari et al. Chem Rev 2012, 112 (3), 1751–1772.



Previous DGA Studies
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DGAs
• Basic studies:

» Aqueous complexation
» Theoretical calculations
» Spectroscopic studies
» Synthesis and characterization of solid

complexes
• Actinide partitioning w/ DGAs
• Alternative separation technique

extractants
• Extraction chromatography studies

 TODGA solvent extraction studies:
• Acid and aggregation
• Diluent on Am extraction
• Metal ion extraction
• Phase modifiers
• Stability

Ansari et al. Chem Rev 2012, 112 (3), 1751–1772.



Irradiator Setup
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Fricke Dosimetry
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Contains:
• Ferrous ammonium sulfate
• Sodium Chloride
• Sulfuric acid

deAlmeida et al. PLoS One 2014, 9 (12), e115155.

Zakaria, A. M.; Lertnaisat, P.; Islam, M. M.; Meesungnoen, J.; Katsumura, Y.; Jay-Gerin, J.-P. Yield of the Fricke Dosimeter
Irradiated with the Recoil α and Li Ions of the 10B(n,α)7Li Nuclear Reaction: Effects of Multiple Ionization and Temperature.

Can J Chem 2021, 99 (4), 425–435.



MS TODGA Degradation Analysis
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Zarzana et al. Solvent Extr. Ion Exch. 2015, 33 (5), 431–447.


