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Used Nuclear Fuel

* Investigate the effect of radiolytically produced H,0, on the reactivity of UO, specimens with variable properties
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Project Goals

* Investigate matrix defect structures, their lateral distribution across the fuel
surface, and how they influence corrosion

* |Investigate possible correlations between defect structures, grain morphology,
and reactivity

* Determine the variations in reactivity of fuel specimens manufactured over many
years
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Electrical Resistance Measurements of UO,
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Resistance Measurements

Resistivity of Fuel Specimens from
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* The large range of resistivities within individual pellets could be due to incomplete reductive sintering
* Samples with low resistivities (~ 6 kQ.cm), and others with extremely high resistivities (~ 5000 kQ.cm)
* In general, resistivity measurements indicate a low degree of non-stoichiometry for all fuel specimens
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Investigation of Lattice Defects

* Raman identifies material phases to identify lattice defects by probing vibrational states

* Raman peak assignments:
1. 445 cm?! == T, , fundamental U — O stretch === undisturbed UO, matrix
2. 575 cM ! mmmmp first order L — O phonon

3. 630 CML mmmeb A, €XCESS 02 0N memmmmmmee lattice distortions due to

increased O content
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Determining Lattice Variations in Matrix Structure

B2 LN oy ~
* Fuel specimen from 1990 : AN ﬁ',?'ﬂ%fgcal | Overlay
* Low resistivity (~ 11 kQ.cm, € R , e 8
thickness of 1.94 mm) O
* Generally defect-free, with only a
few defective locations
e Clear segregation between defect

structure and undisturbed matrix
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Grain Morphology

UO,,, pellets with nominal degrees of non-stoichiometry (from UO, . to UO, ;) show variations indicating
composition and morphology may be related

/"N, Average surface stoichiometry of UO, , : Average surface stoichiometry of UO, ,

> vy s — S U0 Mt

1. Smooth flat grain, 2. Shallow stepped pattern, slightly hyper- 3. Highly non-stoichiometric
approximately UO, stoichiometric composition of UO, ,. spiral-like grain with UO, 5,
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Grain Morphology

Fuel specimen (1990)
with a low resistivity
(~ 11 kQ.cm)

Uniform grain structure
observed

SSW 5kV  x2500 SE

Fuel specimen (1977)
with a larger resistivity
(~ 155 kQ.cm)
Spiral-like surface
features observed
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The Effect of [H,0,]
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Cathodic reduction
of the oxidant
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The Effect of [H,0,]
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| Oxidation of UO, |—> UO, = U022+ + 2e -

Generally very little H,0,
decomposition in solution

At low [H,0,] <1 mM there is a
higher consumption on the UO,
surface, while at [H,0,] >5 mM
there is less H,0, consumption

This may reflect a higher extent of
surface oxidation leading to a less
catalytic surface

Fraction of H,O, consumed on UO,

surface higher than observed on
SIMFUELs
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The Effect of [H,0,]
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Conclusion

» Resistivity measurements indicate a low degree of non-stoichiometry for all fuel
specimens

 Raman mapping suggests the presence of localized regions of non-stoichiometry,
with differences between individual grains

* Grain morphologies suggest non-stoichiometric defect structures may be present
in some older specimens, suggesting incomplete reductive sintering

* Initial electrochemical experiments show significant H,0, decomposition at low
H,O, concentrations, with sustained UO, oxidation at high H,0, concentrations

* H,0, consumption is higher on natural UO, specimens than observed on
SIMFUELs

* Using SEM, localized damage observed along surface fractures and sites of micro-
indentation
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Ongoing Work

e Perform ICP-MS to determine [U] in solution post immersion
* Distinguish between H,0, anodic dissolution vs anodic oxidation of UO, at fuel surface

* Repeat same experiment for samples displaying:
1. Significantly higher resistivity measurement
2. Grain morphologies suggesting a high degree of non-stoichiometry

* Perform potentiostatic experiments in 1 mM, 5 mM and 20 mM H, 0, followed by
XPS to observe surface oxidation at varying potentials

* Investigate H, effect on H,0, decomposition on undoped UO, samples
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