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Metallic alloy design: the playground
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Bronze
~ 5000 years ago
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Metallic alloy design: the playground
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Iron & Steel
~ 3000 years ago
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Metallic alloy design: the playground

Artificial Intelligence for Materials Science / ICMPE / 25 SEPTEMBER 2018



C2 - Restricted

Stainless steel
1920s
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Metallic alloy design: the playground
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Superalloys
1930s
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Metallic alloy design: the playground
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Combinatorial explosion & improvement margin
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50 elements, 50 levels of concentration ~ 1085 alloys

Number of alloys produced characterised to date ~ 106

Wide improvement margin

If one prediction took one Planck second (5.39e-44 s)

1085 x 5.39e-44 = ~ 1024 the age of the Universe

Is modelling alone enough?

but the trial-and-error approach is impractical

→ modelling
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Modelling of alloy properties
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An exhaustive theoretical description does not exist: the problem is too complex

Numerous parameters and interactions:
composition, manufacturing routes, microstructural features, deformation mechanisms…

To predict « unmodellable » properties: 

Non-linear, non-parametric regression method

Gaussian processes (aka Kriging)

Combinatorial metallurgy = combinatorial explosion + complex metallurgy

To predict microstructure:

Computational thermodynamics

CALPHAD

To screen the search space:

Non-exhaustive search method

Genetic algorithms
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# alloys

existing alloys

Density (g.cm-3)

Search

300,000,000 potential alloys

Criteria: creep life, density, stability

50 days of evaluation

50,000,000 equilibria computed

200,000 alloys
complying with the specifications
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Nickel-based single crystal (SX) superalloys for turbine blades

Creep life modelling
1963 lines, 612 SX alloys

(from patents)

Predictive error : ~ 10%

What about spaces larger than 300,000,000 feasible alloys?
C

re
e

p
ru

p
tu

re
 s

tr
e

s
s
 (

M
P

a
)



C2 - Restricted

Principles of genetic algorithms
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Nature-inspired genetic manipulation
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Individual

= Alloy

Performance

= Properties

Specifications
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Principles of genetic algorithms

Application to alloy design
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1 alloying element = 1 gene

1 alloy = 1 individual = 1 group of genes

1 population = 1 group of alloys
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Principles of genetic algorithms
Reproduction

Mutation

parents

children

an individual

a mutant
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Wrought nickel-based superalloys for turbine disks
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Criteria

maximising

UTS, YS, CRS, forgeability

corrosion resistance, stability

minimising

cost

density

Property modelling
UTS & YS: 1928 lines

CRS: 1964 lines
(from literature)

Predictive error < 10%

A. Deschamps et al. Comptes Rendus Physique (2018)
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~ 100 h of computations

~ 4000 optimal alloys → 1 tested

12% cheaper!
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High entropy alloys
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At least 5 elements

Between 5 and 35 at.% each

A single solid solution

Criterion PIF : statistical analysis on various physicochemical parameters
(atomic radius, interatomic distance, bulk modulus, electronegativity, valence, …)

F. Tancret et al. Materials & Design 115 (2017) 486–497

How to predict the formation and stability of a single solid solution?
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High entropy alloys
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E. Menou et al. Scripta Materialia 156 (2018) 120–123

Criteria: probability PIF – density – solid solution hardening

Experimental validation: Cr37Al31Ti19Mn7Mo6
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Merci pour votre attention !


