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Basic principles of the High Resolution X-ray Absorption

Near Edge Structure (HR-XANES) technique ﬂ(IT
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Basic principles of the High Resolution X-ray Absorption

Near Edge Structure (HR-XANES) technique
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Energy resolution of Detector > 100 eV

spectral broadening
(detector, beamline,
core-hole lifetime
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Basic principles of the High Resolution X-ray Absorption

Near Edge Structure (HR-XANES) technique ﬂ(IT
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Basic principles of the High Resolution X-ray Absorption

Near Edge Structure (HR-XANES) technique
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Basic principles of the Resonant Inelastic X-ray

Scattering (RIXS) technique ﬂ(IT
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The high resolution X-ray emission spectrometer

at the ACT stations at the KIT Light Source

Zimina, A. et al. Review of Scientific Instruments 88, 113113 (2017)
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Schacherl, B. et al. J. Synchrotron Radiat. 2022, 29 (1), 80-88.
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The high resolution X-ray emission spectrometer
at the ACT stations at the KIT Light Source ﬂ(IT
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The high resolution X-ray emission spectrometer
at the ACT stations at the KIT Light Source ﬂ(IT

Karlsruhe Institute of Technology
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9 August 31, 2024 Tonya Vitova Institute for Nuclear Waste Disposal



Motivation: The mechanism of Fe induced bond stability of uranyl(V)
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Oxidation state investigations applying U M, edge HR-XANES
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The mechanism of Fe induced bond stability of uranyl(V)
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The mechanism of Fe induced bond stability of uranyl(V)
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The mechanism of Fe induced bond stability of uranyl(V) \!(IT
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U M, HR-XANES of actinyls:

Tool for detection changes of U-Oax bond covalency ﬂ(IT
U6+ U022+ 024- Karlsruhe Institute of Technology
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U M, edge valence band resonant inelastic X-ray scattering
(VB-RIXS): Tool for detection of U-ligands bond covalency ﬂ(IT
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The mechanism of Fe induced bond stability of uranyl(V)
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The mechanism of Fe induced bond stability of uranyl(V)

U-Oax
bond covalency
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results

18 August 31, 2024

U M, edge HR-XANES

140
120
100 4
80 -
60 -
40 4
20 -

J1uvy ANS

140

120 +

[any

o

o
1

nsity (arb. units)
Iy [2] [0}

o o o

| I N

0 ——

140 4
120 ]
100 -
80 -
60 -
40 -
20 4

0

Relative energy (eV)

Tonya Vitova

U6+

AT

Karlsruhe Institute of Technology

U0, 0,*

6d - 1,::.‘:-_-::.'.2,.}."

UOoc

T. Vitova, L. Maron, M. Mazzanti et al., Chem. Sci. 13 (2022) 11038

Institute for Nuclear Waste Disposal



The mechanism of Fe induced bond stability of uranyl(V)
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Stabilisation of U(V)-yl by Fe(ll) ﬂ(IT
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Understanding radionuclide - mineral surface redox reactions

Outer-sphere sorption An**(H,0), =» An*'(H,0),

Inner-sphere surface An**(H,0), =» [An**(H,0),,(0-S5) ]
complexation

An,(O/OH),> =» An (O/OH) >

Actinide colloid attachment

Ty Lo

ST

Surface precipitation An** + x OH" =» [An**(OH),]

Surface induced redox An**(H,0), =» [An*1(OH),,]
reaction I

Coprecipitation/ An**+ mineral =» [An**/mineral]
Solid solution formation solid solution

L

H. Geckeis et al. Chem Rev 113, (2013) 1016-62
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Too high An concentrations often needed for XAS/XANES
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1ppm Np detection limit at the Np M.-edge HR-XANES
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Motivation: Understanding aging and corrosion of
spent nuclear fuel (SNF)

Spent Nuclear Fuel (SNF)
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Motivation: Understanding aging and corrosion of
spent nuclear fuel (SNF) ﬂ(IT

Karlsruhe Institute of Technology
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Particles from the center to the rim of the SNF pellet

S1: central particle

S2: midway particle

S3: periphery

S4: cladding, inner surface
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Particles from the center to the rim of the SNF pellet

S1: central particle ﬂ(IT

Karlsruhe Institute of Technology

S2: midway particle
S3: periphery
S4: cladding, inner surface

18091381-Bulgheroni
0009601

A. Bulgheroni et al., JRC Internal Report 2018, PUBSY No. JRC114106
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Changes of redox state of U from the center to the rim of the SNF pellet
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Morphology of SNF

AT

Karlsruhe Institute of Technology

Core region of a SNF pellet Rim region of a SNF pellet

D. H. Wegen, S. Bremier and D. Pellottiero, SEM Study on High Burn-up Fuel -JRC104732, 2016.
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Morphology of SNF
Possible charge compensation mechanism: ﬂ(IT
surface oxidation U(IV) = U(V)
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Changes of redox state of Am from the centre to the rim of the pellet

Possible charge compensation mechanism: ﬂ(IT
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How stable are nanosized AnO, compounds against oxidation?

Charge compensation mechanism:

U(V)mpU(1V)
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How stable are nanosized AnO, compounds against oxidation?

Charge compensation mechanism:
U(V)mpU(IV) and Am(I1V)mpAm(lIl)

Normalized Intensity [a.u.]

J.F. Vigier, O. Walter, T.Vitova, K. Popa et al. CrystEngComm, 2022, 24,6338
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