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Industrial NDT



Applied Materials Group, LNS
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Nuclear Energy



Nuclear Fuel
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TRISO UO2 nuclear fuel particles

3mm

Lehmann E H, et al., Nucl. Instrum. Methods Phys. Res. A (2003)



Nuclear Fuel
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Fuel rod after loss-of-coolant incident simulation

subjected to Gaussian shaped reactivity-initiated 

accident type transient at 19 GW transient research

Reactor TREAT at INL

Jenssen H K, et al.,  2014 Prog. Nucl. Energy 72

Schulthess J et al 2020 J. Nucl. Mater. 541



Nuclear Fuels
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Nuclear Fuels
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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 core

J.L. Kickhofel NIMA 2011



Nuclear Fuel claddings
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Seite 25Seite 2510. März 2013PSI,

LWR fuel pellets

10. März 2013PSI, Seite 25

UO2: natural uranium

UO2: enriched uranium

Zircaloy cladding only: ZrH2 blisters
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Nuclear Fuel claddings and hydrogen cracking

Grosse M 2015 Neutron News 26 Colldeweih A W, et al, 2022 J. Nucl. Mater. 561



Methodical advances for tackling societal 

challenges/energy
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Pushing technological limitations in NI

P. Trtik et al., J . 

Phys 2016
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How we plug things: Nuclear safety
Pushing technological limitations in NI

P. Trtik et al., J . 

Phys 2016

Neutron Microscope Detector
157Gd scintillator



How we plug things: Nuclear safety

Quench. 100 C/h              30 C/h               

10 C/h           0.3 C/h

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

resistance,
-Sn, +Fe, +Cr

W. Gong et al., J Nucl Mat 2019

O. Yetic et al., J Nucl Mat 2025



Additive Manufacturing (AM) for Nuclear 

applications
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Operando neutron-SLM machine

S. Sumarli et al., ADDMA 

(2025) 

AM
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M. Markowska et al.,J. Power Sources 340 (2017)



AM in Nuclear: Eaxmple Fusion 
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breeding blanket, diverter, plasma facing components 

 additive manufacturing
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Batteries



charged

discharged

Bi-modal n/x tomography

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

https://www.ndt.net/events/DIR2015/Paper/58_Kaestner.pdf

(2015)

N/X bimodal tomography

A. Kaestner et al., Physics Procedia 

88 (2017) 

https://www.ndt.net/events/DIR2015/Paper/58_Kaestner.pdf


Ziesche, R.F et al.,Nat Commun 11, 777 (2020)

Bi-modal n/x tomography



Emmanuel Canévet

 image SOC gradients across electrodes (resolution

ChargedP. Boillat, C. Villevieille et al. PSI 2018

Operando spatially resolved electrode lithiation

- Contrast enhancement by use of 6Li and deuterated electrolyte



Wavelength range 2 – 6.4 Å  d-spacing range  1.7-4.4 Å

lithiation phases LixC6, i.e. C(002), LiC12(002) 
and LiC6(001) ranging between 3.35 and 3.71 Å

Operando charge/discharge

Concurrent neutron imaging and diffraction

How we plug things: Batteries



lithiation delithiation
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How we plug things: Batteries
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How we plug things: Batteries



lithiation delithiation
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How we plug things: Batteries
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How we plug things: Batteries
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How we plug things: Batteries



Battery electrolyte

35



Electrode expansion, electrolyte distribution, gas 

formation  

N.S.Nazer, M. Strobl, A. Kaestner, P.J.S.Vie, V.A.Yartys, Electrochem. Acta 140793 (2022)

commercial cell



Battery electrolyte
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R.E. Carreon Ruiz et al., Materials Today Energy 19 

(2024)

Figure 3: Measured Bragg edges of various T-exposures throughout the cycling process. The

vert ical lines labeled as C6, Li0.2C6, Li0.5C6, and LiC6 indicate the posit ions where the theoret ical

Bragg edges corresponding to that part icular phase are expected to be found.

[31]).211

4.3 Spat ial ly resolved st at e-of-charge212

Thespat ially resolved natureof our measurementsenablesto observedi↵erencesin the(de)intercalat ion213

process in di↵erent regions of the invest igated bat tery cell. Figure 4 displays the corresponding214

results of the operando study of the lithiat ion stages for all four ROIs. The expected Bragg Edges215

posit ions, corresponding to the lithiat ion phases, as described in Figure 3, are λ1 = 6.785 Å,216

λ2 = 6.914 Å, λ3 = 7.035 Å, and λ4 = 7.376 Å, with a ∆ λ/ λ = 0.4%.217

At the beginning of the cycling (T1), the same Bragg edge at λ1, i.e., H1, is observed across218

all ROIs, indicat ing the presence of the same crystalline phase (Figure 4-a). T1 represents a219

t ransit ioning stage 1L-4L (located within the stage C-2L) [31, 37], and is characterized by an220

x-Li content of 0.05 < x < 0.1. At T3, (Figure 4-b), there is a clear evolut ion of phases, with a221

new Bragg edge appearing at around 7 Å related to Li0.2C6 (002), while the init ial Bragg edge at222

around 6.8 Å is decaying. Here, a clear di↵erence between the regions of interest is observed, and223

the T3 state (Figure 4-b) exhibits clear similarit ies to the one observed at T12 (Figure 4-d). In T3224

and T6 (Figure 4 b and c), the Bragg edge posit ions appearing between 6.97 to about 7.04 Å is225

indicat ive of intermediate states, where Li0.2C6 and Li0.5C6 are ident ified. Likewise, T3 and T6226

part ially show weak indicat ions of a Bragg edge around 7.37 Å, which corresponds to the LiC6227

phase. It has to be assumed that the limited t ime resolut ion, which averages over a range of SoC,228

prevents a clear ident ificat ion and measure of the LiC6 phase fract ion, reached during cycling. For229

9

Batteries

Black Body Corr.  improved quantitative 

imaging

Diffraction contrast 

imaging



Inelasic scattering contrast – electrolyte degradation

R.E. Carreon Ruiz et al., Materials Today Advances 

19 (2023)  

M. Siegwart et al. J. Electrochem. Soc. (2020)
J. Biesdorf et al. PRL (2014)

Batteries
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Inelasic scattering contrast – electrolyte degradation

Batteries

Carreon Ruiz ER et al., Science Advances. 
2023; 9(39): 

Crystallized Electrolyte 
of a Leaked Alkaline 

Cell (Turelio BY CC 3.0)



Electrolyte: Tempo (H), BF4

BF4-

TEMPO

R.R. Jacquemond et al., Nature Comm 

(2024)

Inelasic scattering contrast – REDOX flow batteries

Batteries



Visualization of lithium plating morphology on copper with different electrolytes

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

S. Trabesinger, P. Boillat et al

Electroplating Li-metal batteries



Thank you!

• Questions?


