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Outline

* Motivation & intro to off-lattice KMC (OLKMC)
 Accelerating OLKMC

— Local environments, tolerant classification.
— Self symmetries.
— An adaptive catalogue.

* Results

— Vacancy clusters, H-complexes and lifetimes
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« Markov chain through state-space ¢ P °

« Compete set of mechanisms
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« Harmonic approximation to TST: /,,\
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Off-lattice KMC
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Outline

« Motivation & intro to off-lattice KMC (OLKMC)
* Accelerating OLKMC

— Local environments, tolerant classification.

— Self symmetries.

— An adaptive catalogue.
* Results

— Vacancy clusters, H-complexes and lifetimes
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L ocal environments
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Equivalence?
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Efficiency
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Internal symmetries

e equiv: P,Q,8 — bool O(n)*
e LetQ< P @ @
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Adaptive 6
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Adaptive 6
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Adaptive 6
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Adaptive 6
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Outline

« Motivation & intro to off-lattice KMC (OLKMC)
 Accelerating OLKMC

— Local environments, tolerant classification.
— Self symmetries.
— An adaptive catalogue.

« Results

— Vacancy clusters, H-complexes and lifetimes
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*preliminary

V,H 0.82(3)  0.87(0) 4% 1072 7 x 1072
V.H 0.68(5)  0.74(8) 9 x 10™* 9 x 1073
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Summary

« Tolerant, invariant and continuous equivalence

« Adaptive catalogue

« Classified complexes’ diffusion pathways

« Hydrogen can lower diffusion barrier

« Hde-trapping barrier(s) from clusters

« H effective diffusivity

 Quantified the trapping atmospheres surrounding vacancy clusters

e Cluster lifetimes
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Try openFLY - github.com/ConorWilliams/openFLY

* Fully documented

- Parallelised

« Open source

 Implements all discussed and more (graph based methods, etc)
 Supports the GSD format

 Supports openKIM EAM, DUNN, EMT, EDIP, MEAM, hNN, LJ_*, Tersoff, ...)

THE WORLD COMES HERE. ; =3
/ . el TMS 2023 152ND ANNUAL MEETING & EXHIBITION
T"\YMS 2023 @7 www.tms.org/TMS2023 - #TMSAnnualMeeting

nnnnnnnnnnnnnnnnnnnnnnnnnnnn



Acknowledgements

« We gratefully acknowledge the funding received from the EP-SRC via the CDT in
Computational Methods for Materials Science (Grant number EP/L015552/1) and grant
EP/T008687/2.

 E.I. Galindo-Nava acknowledges the Royal Academy of Engineering for his research
fellowship funding.

« We also acknowledge Rolls-Royce PLC for the provision of funding. All information
and foreground intellectual property generated by this research work is the property
of Rolls-Royce PLC.

THE WORLD COMES HERE. ; :
V(& o o TMS 2023 152ND ANNUAL MEETING & EXHIBITION
T"\vﬁlb 2023 7 www.tms.org/TMS2023 - #TMSAnnualMeeting

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn



Complex diffusion

Cluster AE/eV AE/eV Deg/m?s™! Deg/m? s~}
sans H with H sans H with H
Vi 0.64(9) 0.75(8) 4.05 x 107V 3.72x 1071
V> 0.65(1) 0.70(5) 2.07 x 10717 1.00 x 10718
Vs 0.48(2) 0.49(1) 7.40 x 10716 7.50 x 10716
2 0.73(4) 0.71(2) 2.05x 10718 3.95 x 10718
Vs 0.77(3) 0.74(8) 9.01 x 10720 5.16 x 10~V
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H parameters

Complex r,/A AE getrap/€V AleV EgleV Dy/m?s! Do /m?s™1
ViH 39  0.63(3) 013  0.59 157x 10716 8.47x 107"
V;H 62 0.66(7) 004 062  125x1076  5.69%x 107"
V3H 50 - : : 124%10°15 -

V,H 63  070(3) 001 0.6 488 % 10716 1.22x10-16
VsH 6.6 0.70(8) 0.04  0.66 401x10717  6.84x 10718
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Symmetries and local environments
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Topological representation
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Topological representation - problems
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Topological representation - problems
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Topological representation - problems
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Topological representation - problems
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Topological representation - problems
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Hierarchical catalogue
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Hierarchical catalogue
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Hierarchical catalogue
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Hierarchical catalogue
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Invariant and tolerant equivalence
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Greedy algorithm

ob ®
2 4
®: o
3
le .-7 le0 ®

THE WORLD COMES HERE.

o ";«“\» TMS 2023 152ND ANNUAL MEETING & EXHIBITION
/ www.tms.org/TMS2023 - #TMSAnnualMeeting




Greedy algorithm

le ®
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Exponential?
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Exponential?

TS THE WORLD COMES HERE. 5 A8
P = o = TMS 2023 152ND ANNUAL MEETING & EXHIBITION
st N TMS2023 gj www.tms.org/TMS2023 - #TMSAnnualMeeting

152" Annual Meeting & Exhibition




Rotation

« Given permutation that satisfies equivalence

 Orthogonal Procrustes problem:

R = moin||0A — B||F st. 00" =1

 Solution via SVD
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Adaptive catalogue
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Adaptive catalogue
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Adaptive catalogue
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Adaptive catalogue
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The flickering problem
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Superbasins

« Partition mechanisms into transient and absorbing:
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