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• ATOMIC-MIGRATION-CONTROLLED PHENOMENA IN SOLIDS

• EXPERIMENTAL RESULTS on self-diffusion and „order-order” 

kinetics in intermetallics: thermodynamic activation energies         

and

• fcc intermetallics (Ni3Al) 

• bcc intermetallics (NiAl)

• MONTE CARLO ATOMISTIC SIMULATION of self-diffusion and „order-

order” kinetics:

• Methodology: (i) model, (ii) SGCMC: vacancy thermodynamics, 

(iii) KMC: vacancy-mediated atomic migration.

• Results: thermodynamic activation energies

• ORIGIN OF                         : elucidation in terms of thermal activation 

of elementary atomic jumps
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„ORDER-ORDER” AND                         DIFFUSION 
in intermetallics

SPECIFIC FEATURES: correlation of atomic jumps

Minimisation of the energetic cost of local 

LRO perturbation by jumping atoms:

„six-jump-cycle”, ASB, triple defect 

mechanism, antisite diffusion etc.

Formation of equilibrium atomic 

configuration:

generation/elimination of antisite defects

CONSEQUENCE: COMPLEMENTARY INSIGHT INTO ATOMIC JUMP 

DYNAMICS

COMMON ELEMENTARY 

MECHANISM: 

atomic jumps to 

vacancies
atoms

vacancy Distance
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TYPES OF DIFFUSION

Self- (tracer) diffusion A-atoms

B-atoms

A-tracer atoms

𝑱𝑨 = −𝑫𝑨 ×
𝜹𝑪𝑨
𝜹𝒙

𝑫𝑨 = lim
𝒕→∞

𝟏

𝟔

𝝏

𝝏𝒕
𝑹𝑨
𝟐 𝒕

Interdiffusion

 𝑫may be evaluated

by analysing the concentration

profile in the diffusion couple

(Boltzmann-Matano analysis)

𝑱𝑨 𝑩 = − 𝑫 ×
𝜹𝑪𝑨 𝑩
𝜹𝒙



Any process controlled by (vacancy-mediated) atomic migration may be 

modelled by means of atomistic simulations:

• Monte Carlo – long time-scales covered

• Molecular Dynamics – only short time-scales covered

Semi Grand Canonical Monte Carlo 

(SGCMC):

Fast determination of equilibrium

parameters (atomic configuration,

defect (vacancy) concentration

Kinetic Monte Carlo (KMC):

Combined with SGCMC enables simulation

of steady-state atomic migration

(at equlibrium configuration and 

vacancy concentration) 

with particular (e.g. vacancy) mechanism
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DIRECT KMC SIMULATION RESULT:

frequency of X-atom jumps from  -sublattice to 

vacancies on n-sublattice

Interpretation:

 a sublattice

 b sublattice

H. Bakker in: Diffusion in Crystalline Solids, 

G.E. Murch, A.S. Nowick (ed.), Academic, 1984

𝒘𝝁→𝝂
𝑿

𝒘𝜶→𝜷
𝑨
𝒕, 𝑻 = 𝟖 × 𝜫𝟎×𝑵𝑨 × 𝑪𝑨

𝜶
𝒕, 𝑻 × 𝒑𝑨𝑽

𝜶𝜷
𝒕, 𝑻 × 𝒆𝒙𝒑 −

𝑬𝑨,𝒊 𝜶 →𝒋 𝜷
𝒎

𝒕,𝑻

𝒌𝑩𝑻



Self-diffusion „Order-order” relaxation
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Definition of the 

relaxation time 

Atomistically:

𝒘𝜶→𝜷
𝑨
𝑻 = 𝒘𝜷→𝜶

𝑨
𝑻 = 𝒘𝒆𝒒

𝑨
𝑻

𝑫𝑨 𝑻 =
𝒂𝟐

𝟑𝑵𝑨
×𝒘𝒆𝒒

𝑨
𝑻 × 𝒇𝑨

𝒄𝒐𝒓𝒓
𝑻

𝜼 𝒕,𝑻 −𝜼 𝒕→∞,𝑻

𝚫𝜼𝒕𝒐𝒕
= 𝒆𝒙𝒑 −

𝒕

𝝉 𝑻

𝒅𝜼

𝒅𝒕
𝒕, 𝑻 = −

𝟏

𝝉 𝑻
× 𝜼 𝒕, 𝑻 − 𝜼 𝒕 → ∞,𝑻

𝒅𝑪𝑨
𝜷

𝒅𝒕
𝒕, 𝑻 = −

𝒅𝜼𝑨

𝟐𝒅𝒕
𝒕, 𝑻 =

𝟏

𝑵𝑨
𝒘𝜶→𝜷
𝑨
𝒕, 𝑻 − 𝒘𝜷→𝜶

𝑨
𝒕, 𝑻

𝟏

𝝉𝑨 𝑻
=
𝟏

𝟐𝑵𝑨
×

𝒘𝜶→𝜷
𝑨
𝒕, 𝑻 − 𝒘𝜷→𝜶

𝑨
𝒕, 𝑻

𝑪𝑨
𝜷
𝒕 → ∞,𝑻 − 𝑪𝑨

𝜷
𝒕, 𝑻

𝒘𝜶→𝜷
𝑨
𝒕, 𝑻 = 𝒘𝜶→𝜷

𝑨

𝟎
× 𝒆𝒙𝒑 −

𝑬𝑨,𝒊 𝜶 →𝒋 𝜷
𝒎

𝒕, 𝑻

𝒌𝑩𝑻

𝒇𝑨 𝑩
𝒄𝒐𝒓𝒓

𝑻 = 𝒇𝑨 𝑩
𝒄𝒐𝒓𝒓

𝟎
× 𝒆𝒙𝒑 −

𝑬𝑨 𝑩
𝒄𝒐𝒓𝒓

𝒌𝑩𝑻

𝑫𝑨 𝑩 𝑻 = 𝑫𝟎 × 𝒆𝒙𝒑 −
𝑬𝑨
𝑫,𝑨 𝑩

𝑻

𝒌𝑩𝑻

𝑬𝑨
𝑫,𝑨 𝑩

= 𝑬𝑨,𝒊 𝜶 →𝒋 𝜷
𝒎

𝒕, 𝑻 + 𝑬𝑨 𝑩
𝒄𝒐𝒓𝒓

𝝉 𝑻 −𝟏 = 𝝉𝟎
−𝟏 × 𝒆𝒙𝒑 −

𝑬𝑨
𝑶−𝑶

𝑻

𝒌𝑩𝑻

𝒘𝜶→𝜷
𝑨
𝒕, 𝑻 − 𝒘𝜷→𝜶

𝑨
𝒕, 𝑻 ≈ ∆𝒘𝜶→𝜷

𝑨

𝟎
× 𝒆𝒙𝒑 −

𝑬𝑨 𝑩
𝒆𝒇𝒇,𝒅𝒊𝒔

𝒌𝑩𝑻

𝑪
𝑨 𝑩

𝜷 𝜶
𝒕 → ∞, 𝑻 − 𝑪

𝑨 𝑩

𝜷 𝜶
𝒕𝟎, 𝑻 ≈ ∆𝑪

𝑨 𝑩

𝜷 𝜶

𝟎
× 𝒆𝒙𝒑 −

𝑬𝑭,𝑨 𝑩
′ 𝒂𝒏𝒕

𝒌𝑩𝑻

𝑬𝑨
𝑶−𝑶,𝑨 𝑩

= 𝑬𝑨 𝑩
𝒆𝒇𝒇,𝒅𝒊𝒔

− 𝑬𝑭,𝑨 𝑩
′ 𝒂𝒏𝒕



Elucidable topics

• Interrelation diffusion – relaxations

Example: in Ni-Al

• Features of self-diffusion
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