
Assessing Short-range order using total 
scattering and RMC

- methods, challenges and opportunities

15th Jan 2026
ADD2026

Dr Lewis Owen
Royal Academy of Engineering Research Fellow
Lecturer in Metallurgy



MOSAIC Group ӛUniversity of Sheffield



MOSAIC Group

Materials Ordering and Structure : Analysis, Investigation and CharacterisationGroup



Chapter 1 

Short-Range Order in alloys



Local Structure in alloy systems

Short -range order

Local lattice distortion
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Models of Short range order

Fig. 6ӛModelsof the different types of short rangeorder (SRO)that canoccur in a system. From left to right they are

the statistical model, the dispersemodel and the micro-domain model. Theblue boxesindicate the small regionsof
LROin the system. All the modelsare 25% red atoms,75% white.

i) Statistical Model ii) Disperse Model iii) Micro-domain Model

"A New Approach to the Analysis of Short-range Order in Alloys using total scattering" - L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, ActaMaterialia, 115 (2016) 155-166



Original studies of local structure in alloys



Consequences

Å Strengthening ӛvariation in dislocation motion due to ordering and lattice distortion 
effects combined

Å Electrical resistivity

Å Magnetic properties

Å Thermodynamic discontinuities

Å Corrosion resistance

Å Radiation damage



3rd World Congress in High Entropy Alloys
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Chapter 2

Applying total scattering to 
metallurgical systems



What affect does the ordering have on the PDF?





Models of Short range order

Statistical Disperse Micro-domain
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2. Quantification



Ordered and Random structures
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SRO in alloys ӛWarren-Cowley parameters

We define:

Where c is a concentration of a particular atom type in the alloy and 
PBAthe probability of finding an A atom (second letter in superscript) 
at lmn from a B atom (and vice-versa).
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Clapp configurations

ά!ǘƻƳƛŎ /ƻƴŦƛƎǳǊŀǘƛƻƴǎ ƛƴ .ƛƴŀǊȅ !ƭƭƻȅǎέ ςP.C. Clapp, Physical Review B, 4, 2 (1971), 255-270. 



Clapp configurations for some standard LRO structures

"A New Approach to the Analysis of Short-range Order in Alloys using total scattering" - L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, ActaMaterialia, 115 (2016) 155-166



Clapp configuration - Enhancement factors

pa is the probability of configuration a being occupied, ma the multiplicity of that configuration, x the

concentration of species A, n the number of atoms of type a in the 12 nearest neighbours of the

configuration, N the total number of atoms, and na and variants therefore the number of atoms in that

configuration.

"A New Approach to the Analysis of Short-range Order in Alloys using total scattering" - L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, ActaMaterialia, 115 (2016) 155-166



Enhancement factors



3. Demonstration





Cu3Au ӛOn cooling
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Ordered



Nickel Superalloys



Cu3Au ӛOn cooling
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Analysis
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L.R. Owen, H.Y. Playford, H.J. Stone and M.G. Tucker �³�$�Q�D�O�\�V�L�Vof Short-Range Order in Cu3Au using X-ray Pair
Distribution �)�X�Q�F�W�L�R�Q�V�´��Acta Materialia, 125 (2017) 15-26.


