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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. 6 – Models of the different types of short range order (SRO) that can occur in a system. From left to right they are

the statistical model, the disperse model and the micro-domain model. The blue boxes indicate the small regions of
LRO in the system. All the models are 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, Acta Materialia, 115 (2016) 155-166



Original studies of local structure in alloys



Consequences

• Strengthening – variation in dislocation motion due to ordering and lattice distortion 
effects combined

• Electrical resistivity

• Magnetic properties

• Thermodynamic discontinuities

• Corrosion resistance

• Radiation damage



3rd World Congress in High Entropy Alloys



3rd World Congress in High Entropy Alloys



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

"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, Acta Materialia, 115 
(2016) 155-166



"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, Acta Materialia, 115 
(2016) 155-166



2. Quantification
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SRO in alloys – Warren-Cowley parameters

We define:

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

Random α = 0

All like atoms  α = 1

All dislike atoms α = 1- (1/c)

almn =1-
Plmn
AB

cB
=1-

Plmn
BA

cA



Clapp configurations

“Atomic Configurations in Binary Alloys” – P.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, Acta Materialia, 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, Acta Materialia, 115 (2016) 155-166



Enhancement factors



3. Demonstration





Cu3Au – On cooling

Random

Ordered



Nickel Superalloys



Cu3Au – On cooling

Random

Ordered



Analysis

900°C

400°C

L.R. Owen, H.Y. Playford, H.J. Stone and M.G. Tucker “Analysis of Short-Range Order in Cu3Au using X-ray Pair

Distribution Functions”, Acta Materialia, 125 (2017) 15-26.



Challenges



Some possible errors

• Incorrect lattice parameter

• Offset in the data

• Instrumental resolution function

• Incorrect scaling

• Texture



Fit to simulated data

L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, Acta Materialia, 125 (2017) 15-26



Incorrect lattice parameter

L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, Acta Materialia, 125 (2017) 15-26



Incorrect lattice parameter

L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, Acta Materialia, 125 (2017) 15-26



Incorrect lattice parameter

L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, Acta Materialia, 125 (2017) 15-26

Input random configuration Resultant artificial order



Not accounting for instrumental decay function

L.R. Owen, H.Y. Playford, H.J. Stone, M.G. Tucker, Acta Materialia, 125 (2017) 15-26



Metallurgical challenges…



Effects of texture

Monika Rolinska



Methods



Running RMC

• Run with multiple starting configurations

• Run multiple times (and compare similarities)

• Testing and simulation



Simulate – test the concept



Running RMC

• Run with multiple starting configurations

• Run multiple times (and compare similarities)

• Testing and simulation

• Vary the parameter space
• (particularly the important parameters)

• Look for signs of issues



Varying the parameters



Stability to changes in parameters

C-1 C1 C7

C16 C17 C34



Running RMC

• Run with multiple starting configurations

• Run multiple times (and compare similarities)

• Testing and simulation

• Vary the parameter space
• (particularly the important parameters)

• Look for signs of issues

• Try ‘Grey atom’ method



Grey atom refinement

Translations only Colour then allow swaps



Running RMC

• Run with multiple starting configurations

• Run multiple times (and compare similarities)

• Testing and simulation

• Vary the parameter space
• (particularly the important parameters)

• Look for signs of issues

• Try ‘Grey atom’ method

• Vary the fitting regime
• Datasets

• Weightings

• Regions



Fitting regions – preliminary fitting

Test region 1

Test region 2



Fitting regions – Multiple region fit

Fit region 1

Fit region 2



Running RMC

• Run with multiple starting configurations

• Run multiple times (and compare similarities)

• Vary the parameter space
• (particularly the important parameters)

• Look for signs of issues

• Try ‘Grey atom’ method

• Vary the fitting regime
• Datasets

• Weightings

• Regions



Opportunities



Ni2Cr – K-state

Ni2Cr
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B.S. Rowlands, L.R. Owen, J.R. Miller, X. Shen, W.Song, H.J. Stone, E.I. Galindo-Nava, T. Jackson & C.M.F. Rae. The PLC Effect in the Absence 

of Long-Range Cottrell Atmospheres in RR1000. In: Cormier, J., et al. Superalloys 2024. ISS 2024. The Minerals, Metals & Materials Series. 
Springer, Cham. https://doi.org/10.1007/978-3-031-63937-1_37



Ni4Mo – Following the phase transition

Niels Schreiner
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“Understanding the ordering transition and local structure states in Ni4Mo using neutron total scattering” 

– N. Schreiner, P.C. Chater, L.R. Owen, Manuscript in preparation. 



Multicomponent systems



To higher order systems - NiCoCr

Ben Jolly



To higher order systems - NiCoCr

Ni : CoCr

Co : NiCr

Cr : NiCo

Ben Jolly



Sublattice ordering in L12 alloys

Ti, Ta, Nb

Co



Aluminium sublattice

‘cis’

‘cis’

‘trans’ ‘fac’ ‘mer’



Nickel sublattice



Chemical systems
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Shameless plug

Abstract deadline 
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