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Nuclear Energy
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Nuclear Fuel

f-cm diameter fod clement from the High Temperature Reactor (HTR) o
Lehmann E H, et al., Nucl. Instrum. Methods Phys. Res. A (2003)

TRISO UO, nuclear fuel particles




Nuclear Fuel

Fuel rod after loss-of-coolant incident simulation
Jenssen H K, et al.,, 2014 Prog. Nucl. Energy 72

subjected to Gaussian shaped reactivity-initiated ™%
accident type transient at 19 GW transient research

Reactor TREAT at INL

Schulthess J et al 2020 J. Nucl. Mater. 541
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Nuclear Fuels
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Fission Burn up nuclear fuel
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Nuclear Fuels

Vogel S C et al 2022 Progress report on mockup irradiation capsule fuel measurements at
LANSCE Technical Report LA-UR-22-30854 Los Alamos National Laboratory (LANL)
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Application: coolant flow in reactor ca
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Nuclear Fuel claddings

Zircaloy cladding only: ZrH, blisters

PSI
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Grosse M 2015 Neutron News 26

Colldeweih AW, et al, 2022 J. Nucl. Mater. 561
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Methodical advances for tackling societal
challenges/energy
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Pushing technological limitations in NI PSI

2000 - 2024 Challenging resolution
~ 100 pmjeEET
gl

R \&A

Neutron Microscope Det:
157Gd scintillator

v\l
\\\\\\\\\

\
N

)
= p

P. Trtik et al., J . Z /’ AN \&\\\ Z TN \
Phys 2016 %/////{{/{(/,///mn\\\\\\.\&\\\\\\\\\\\\\ et 1999 2004 2009 2014 2019 2024

2 mm 2 mm year
13.5 um pixel size 1.3 um pixel size




Oy N En & oA 1S c M CL 67 F ot rons tn NE

Fuel cask Interim storage . : :
; b“h&,—k -or L ‘ I» = .IL——
F i ’.. i h— = i i B a—:";-;-
Fuel assembly i i e g e —— |

—

4177 mm

2000
in;elface
#1296

|
|
|
|
J
|

—

n

(=1

(=]
T

~200wppm bulk content

4.095 mm |
‘B radial profile

000f v
[liner’ o hydride depleting hydride presenting

454 81 21 wppm 111 wppm
sl | pp! PP

Phys 2016

H concentration (wppm)

0 100 200 300 400 500 600
Cladding wall thickness (jim)




Zircaloy-4 (Zr-4), liner for improved corrosion

resistance,

How we plug things: Nuclear
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Additive Manufacturing (AM) for Nuclear
applications

PSI



AM  PSI
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AM: Operando
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AM in Nuclear: Eaxmple Fus ~

breeding blanket, diverter, plasma facing componen

- additive manufacturing

100 steel ROlIs (strain)
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Batteries PSI
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Bi-modal n/x tomography

discharged

N/X bimodal tomography

Neutrons

A. Kaestner et al., Physics Procedia
https://w%%.ﬁ%%%%ét/events/DIRZOlS/Paper/58 Kaestner.pdf

(2015)

P. Boillat, C. Gruenzweig, D. Mannes et al. PSI 2016


https://www.ndt.net/events/DIR2015/Paper/58_Kaestner.pdf
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Bi-modal n/x tomography
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Operando spatially resolved electrode lithiation

- Contrast enhancement by use of 6Li and deuterated electrolyte

- 1image SOC gradients across electrodes (resolut
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How we plug things: Batteries

Concurrent neutron imaging and diffraction
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How we plug things: Batteries

Concurrent neutron imaging and diffractid¥perando charge/discharg
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How we plug things: Batteries
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How we plug things: Batteries
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Battery electrolyte

} PSI



Electrode expansion, electrolyte distribution, gas
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Battery electrolyte
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Batteries
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Inelasic scattering contrast - electrolyte degradation
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Batteries
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Concentration [M]

Batteries

Inelasic scattering contrast — REDOX flow batteries
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Electroplating Li-metal batteries

include no negative electrode at all in the initial state, the negative electrode being formed by
plating on the copper current collector during charge cycle = improved energy density
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after 1% plating after stripping after 2" plating
Visualization of lithium plating morphology on copper with different electrolytes

S. Trabesinger, P. Boillat et al
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