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Key Challenges and Expertise

KC-4 — Failure Mechanisms
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Figure 4: Irradiation growth behawour of BOR-60

neutron irradiated samples provided to MIDAS
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End-2024
May 2025

Kick-off: May 2019

MTR Aug 2022
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Staff Update

* Doyin Mansell — Programme Manager since June

* Mia Maric — RR/UoM Research Fellow in Nuclear Cladding
Materials

— Started July
— Microstructural evolution with hydrides and irradiation
— Characterisation and Simulation
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Public Engagement - Outreach Wi

e Manchester Science Festival — March.
* UoM Community festival - June

* Bluedot Festival — July
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Where are we now?

Initial _phase S now | Phase 2
Direct use of BOR 60 samples | \Activities Direct ue of BOR 60 samples

KC1 = Irradiation Damage Evolutidy H* + Annealing =~ Damage Evolution
* Characterise BOR-60 samples Yefect stability/evolution

* Modelling — fundamentals Model loops + -Ann-;ealing SRt

* Comparisons with proton/ions chemist ry - Ianu"Jence of chemical segregation

KC2 - Effect of Irradiation on . mam’ — Effect of Irradiation on
Deformation & Micromechanics Indentation+ formation & Micromechanics

* Use of proton irradiated samples Cantilevers Use nautron irradiated samples
* Modelling — recreate observed behaviors In-situ loading rig (Creep)

R - Modeling

S . Environmental Degradation

Autoclave MUZIC follow-on
Test active samples

KC3 - Environmental Degradation
* Close collaboration with MUZIC-3

* Develop and commission autoclaves commissioned ISRl corrosion/proton

.

KC4 - Failure Mechanisms Sma.” scale 4 - Failure Mechanisms
* Tests & modelling - non-irradiated materi@{sy{1gf-41 \Y/:{Zl Pellet cladding interaction failures (SCIP)

» Effect of hydrides & fatigue (DHC) Effect of irradiation on failure

| PCl sample
Develop capability from Studsvik
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. Extension to 2025 i o0
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* Cross-institution collaborations ‘

— Strain localization: HR-DIC vs CPFEM o 68 e
— TEM, XRD, APT + multi-scale modelling {ingecropoiin _smal coupons

s h
N @ 3mm TEM foils

 Active facility development/use
— NNL, MRF, Royce & DCF

* Training & workforce pipeline

— Fellowship training for PDRAs
— PDRAs/PhDs to industry
— Seconded researchers e.g. UKAEA, Jacobs
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KC1: Irradiation damage evolution B Physical Science
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Figure 1: Rig for in-situ load + irradiation at DCF
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Use and movement of samples P e

BOR60 samples now in use:

TEM TEM
(FIB foil) (electropolished) Micro-cantilever NanoHardness Corrosion H-charging Annealing
ZIRLO 3 fluences* In-progress 3 fluences* Ready for test 3 fluences 2023 2023
Zr-2 (W8) 3 fluences* In-progress 3 fluences* Ready for test 3 fluences 2023 trials 2023
Zr-2-BQ (W7) 3 fluences* 3 fluences* 3 fluences 2023 2023
Alloy 21 (W13) In-progress
Alloy 3 (W10) In-progress
*Including Cryo-prep. trials 14
Baseline analySiS° ® W8 - standard Zr-2 sheet .
. 1.2 -
A W17 - Zirlo sheet RXA
R Micro-cantilever Corrosion 1 1] @ W7 - zr-2 sheet Late b-quench
ZIRLO 08 |
Zr-2 (W8) In-progress N
Q
Zr-2-BQ (W7) =05
Alloy 21 (W13) 2023 o C N
s 0.4
Alloy 3 (W10) 2023 +
|
. . 0.2 -
Proton irradiated samples: . . 4 *
0 s
¢ e
0.2 ¢
ZIRLO In-Progress ' .
Zr-2 (W8) 2023 0.4 :
ZF-Z-BQ (W7) 0.00E+00 1.00E+26 2.00E+26
FI -2
Alloy 21 (W13)| In-progress uence [m-2]
Alloy 3 (W10) | In-Progress
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Our KPI was to have a total of 21 peer-reviewed journal 70
publications by this point in MIDAS. We have achieved over 60
three times this number. 50

Five Key Recent publications
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O u t p u t Research Council

== International journal
publications (Target)

== International journal
publications (Actual)

Untangling competition between epitaxial strain and growth
stress through examination of variations in local oxidation

Zirconium hydride phase mapping in Zircaloy-2 cladding after = ° o, ., i v v vert vers yous
delayed hydr"de Cracking Target Target Target Target Target Target Target Target

Simulation of crystal plasticity in irradiated metals: A case study on Zircaloy-4

Preliminary Atom Probe Tomography Evidence for Hydrogen Trapping at a 8-Nb Second Phase Particle in a
Neutron-irradiated Zirconium Alloy

Microstructural complexity and dimensional changes in heavily irradiated zirconium
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O u t u t Scripta Materialia Research Council
Ultramicroscopy
Scientific Reports

Procedia Structural Integrity
ASTM ZitNI 19

Proceedings

Corrosion Science

Computer Methods in Applied Physical Review Materials

Mechanics and Engineering

Nuclear Materials and Energy
Computational Materials Science
Frontiers in Nuclear Engineering
\MRS Advances

Journal of Applied Physics o
Nature Communications

Journal of Applied Crystallography
Materials Characterization
International Journal of Plasticity

International Journal of Fatigue Materials Science and Engineering: A

Materialia

Journal of the Mechanics and Physics
of Solids
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