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Scale Bridging Creep : an Outline

Context and motivation

Phase-Field for creep modeling
Future prospects
and goals

Model-specific ingredients

Validation against ThermoCalc
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Complex microstructural transformations govern
creep at the macrostructural level
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€ : Dynamic recrystallization (DRX)

[2] F. Larson, J. Miller Transactions of the ASME (1951)

g [1] M. Ashby Acta Metallurgica (1979)
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Phase-Field in a multi-scale framework for
physics-based creep simulations

Thermodynamic DB

- Phase-Field Meso/Macroscale stack
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M23C6_D84

Macroscopical stress/temperature regime

Local creep behovior[B]

CEMENTITE_DOT1 Mean radii (<R>), number densities (N) pbveff
+ geometrical descriptors =

€creep
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[3] F. Chen, C. Rojas-Ullog, et all.
Material Design (2026)
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pyVulcan:

In-house KKS-based

Phase-Field framework

Flni,x] = jf(ni»xk)
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k g [4] S. Kim, W. Kim, T. Suzuki
Q Physicial Review E (1999)
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pyVulcan: model-specific ingredients

[5]

Thermodynamically-consistent interpolation function : Fully implicit numerical scheme::
2
h,(n) = i - First order in time
l XN - Picard fixed-point iteration

A . « Adaptive time step
Polynomial fit of Gibbs free energy:

. ; N2 o , with an appropriate fit of paraboloid coefficients
fl(Xl) = Z A k (xk) + Byxy + C v/ Numerically efficient
k v/ Thermodynamically-consistent

e

Diffuse filtering scheme for spectral methods :

Fo > WEKF- : ‘P(k)=%<1—tanh<|k|_?uwﬁ>>

g [5] N. Moelans Acta Materialia (2011)
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Light-weight thermodynamically-consistent
reduction to ternary systems

AIoning elements:

bal. 0,29 1,02 066 029 0,74 0,09

L JU J
T T

form same precipitates  appear in frozen precipitates during aging

. ~ : : .[6]
ernary-equivalent alloying elements:

%Creq = %Cr + 0.533 %Mo
%Ceq = %C

pbal. 0,29 18444

Phase fraction (%)
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Frozen to minimize the error
with full alloy equilibrium

rnary == M2:Cs — Ternary
- a) — Fullalloy = = M,3Cs — Full allo
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T=550°C is a target temperature

[6] G. Bryndza, R. Eloudrhiri et al.
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Constrained least-square fit
to recover thermodynamic phase equilibria

Thermo-Calc Gibbs Energy Constrained on the tie-line Parabolic Gibbs Energy

10 Top view

CrN(wt%)
- Both tie-line overlap

Gibbs Free Energy (J/mol)

C (wt%)
40
Gibbs Free Energy (J/mol)
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[6] G. Bryndza, R. Eloudrhiri et al.
(To appear...) (2026)
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Simulated phase fractions closely match
with reference equilibrium fractions

1D system at T=650°C:

3.277 pm

P [
< »

8.192 pm

Phase fraction (-)

— Phase-Field
TC-DICTRA

\/ Thermodynamic equilibrium

X Inconclusive kinetics Time (h)
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Coarsening kinetics compared against
TC-PRISMA simulation

zD Microstructural evolution at T=550°C :

x ; 1 —~ — Phase-Field
) < s TC-PRISMA
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xx
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‘ Time (h

g [7] AID4Greenest European Horizon Project
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Perspectives of this work

Physically-grounded source of microstructural information for creep prediction

Richer
microstructural
descriptors

« Morphology « Stronger Mechanical
coupling coupling
o elee ooy Nucleation

Easy access to .
multiscale Future physics

« Relateto

micrographs Vacancy
current
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+ microstructural
mechanism

Elastic domain

Validation and comparison

= Phase-Field .
TC-PRISMA

MNormalized shear stress
Plastic domain

{ i
' Homologous Temperature

Ternary-reduced
# : Dynamic recrystallization (DRX)

alloy -~

Phase fraction (-)
Scaled Mean Radius <R> (-)
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Scale Bridging Creep

Thank you for your attention!
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     𝜖 .  c r e e p =   𝜌 b  v  e f f   m T


    𝜕  x k  𝜕 t =    D ˜  k , k  ∇ 2  x k –    D ˜  k , k  [    𝜕  h j  𝜕  𝜂 i  x k j ∇  𝜂 i ]


    𝜕  f i  𝜕  x k i =   𝜕  f j  𝜕  x k j =  𝜇 k   ,   ∀ k   species


  F  [   𝜂 i ,  x k ] =  ∫ V  f  (   𝜂 i ,  x k ) +  𝜅 2  ∑ i     |  ∇  𝜂 i | 2 +  𝜖 2  ∑ k     |  ∇  x k | 2 +  ∑ s   f  s o u r c e s d V


    𝜕  𝜂 i  𝜕 t = −  L i  [  −  𝜅 2  𝛻 2  𝜂 i + w   𝜕 g  𝜕  𝜂 i +   2  𝜂 i   ∑ p   𝜂 p 2  h j  Δ  i , j f +  ∑ s    𝜕  f  s o u r c e s  𝜕  𝜂 i   ]


  = w  f 0  ( 𝛈 )   +    ∑ i   h i  ( 𝛈 )  f i  (   𝐱 i )


   h i  ( 𝜂 ) =    𝜂 i 2   ∑ j   𝜂 j 2


   f i  (   𝐱 𝐢 ) =  ∑ k   A  k , k i    (   x k i ) 2 +  B k i  x k i +  C i


  ℱ ⋅   →   Ψ  ( 𝐤 )   ℱ ⋅   ;   Ψ  ( 𝐤 ) =  1 2  (  1 −   tanh ⁡   (     | 𝐤 | −  k  c u t o f f 𝜉 ) )


  % C  r  eq = % Cr   +   0 . 533   % Mo


  %  C  eq     = % C


   f i  (   𝐱 𝐢 ) =  ∑ k   A  k , k i    (   x k i ) 2 +  B k i  x k i +  C i
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