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Outline...

@ Material science at MATEIS

© Buckling in nano-structured block copolymers
© Ageing in Fe-C steels

e Mechanical properties of silica aerogels

© Conclusions
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Elastomers vs thermoplastics

o Elastomers
o Liquid solids!

Block o amazing elastic properties (thanks to entropy)

copolymers
@ Thermoplastics

o soften when heated

o reversible (— recyclable !)
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Block
copolymers

Copolymers

Many structures...

o tl T 1o

@ a hard phase (T < Tg)
@ a soft phase (T > T,)

l
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Method: Molecular Dynamics

@ Newtons 2nd law m;% =f;
o Interactions de paires: f; =} fij = > gradVj;

Block
copolymers
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Method: Molecular Dynamics

@ Newtons 2nd law m;% =f;

o Interactions de paires: f; =} fij = > gradVj;
Block
copolymers
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“Coarse grained” MD
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erpendicular to lamellae
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True stress
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Experiment vs simulations
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Block
copolymers

@ Buckling phenomena reproduced

@ Due to mechanical coupling between hard and soft phases
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FeC steels

Topics

Ageing in steels

A 170C A 140C @ 100°C 0 75°C m 50°C
o4

50
Aging at 2% Prestrain

A: Liiders band

40-
30
§ g
201 g ¢
4 ¥ g
10 g )
5 g
01 1 10 100 1000 10000
Prestrain

Aging Time, min
B [De et al, Scripta Mater. 41 (1999)]

@ Higher yield stress S

@ Higher brittle/ductile transition temperature @

@ Liddering &

Deformation
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From ab-Initio modelling

@ Goal: Fe-C interaction potential for Molecular Dynamics
@ Two reference configurations:

o C in octahedral and tetrahedral sites
FeC steels {

o,

@ Correct energy barrier for diffusion: 0.815 eV
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From ab-Initio modelling

o Goal: Fe-C interaction potential for Molecular Dynamics
@ Two reference configurations:
o C in octahedral and tetrahedral sites

FeC steels G {

A\\D A
o \
.ﬁ/\‘ N
I

o

Q.0

o o
©

@ Correct energy barrier for diffusion: 0.815 eV

e Test on many configurations (C, Fe, Va)
Tabulated potential for Mol. Dyn. and Monte-Carlo

s [Becquart el al, Comp. Mat. Sc. 40 (2007)]
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FeC steels

C diffusion in pure Fe

1E-08 N
AN -+ Molecular Dynamics (This work)
S O Stanley (1949)
\\\ © Smith (1962):
Na B Homan (1964):
1E-09 [ S N O Hasiguti and Kamoshita (1954):
NJd @ Lord (1969):
—_ + — -Linear fit from compilation of Weller (1996)
N& ~
£ = [T
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0\
1E-11 H1E-10 ol
— -Constant act. Energy L o
—Variable act. Energy (eq. (A7,
11 iat ergy (eq. (A7)
0.5 1.0
1E-12 .
0.5
1000 / T (KY)

o Not following experiments...

@ ... but we understand MD non linearity!
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Metropolis Monte-Carlo

LAMMPS in
material Equilibrium Cottrell atmospheres (from different C levels)

science
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6
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FeC steels 6o i
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-6 * . b >4
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[111} nm
B [Waseda et al, Scripta Mater. 129 (2016)]
@ ~150 C atoms per nm (same as measured with TAP)
@ Max. C concentration: 8.8% (TAP: 8%)
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Principle

@ Transition frequency from i — j:

N state | i_ —AE; ~ 1014
o s ¢ wj = wnexp () wo = 10 He
State /| @ Residence time i
FeC steels — _ Innr
‘ 2 l 2 l 2 ‘ [ vy rl TR - z:I Wj
[y %
r @ Choice of a particular transition <% r,

Example: precipitation from a supersaturated solid solution

[SERGTE]
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Migration energy of C around dislocation core

FeC steels

o = N W
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4.4 3-2-10 12 3 4
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076 077 078 079 08 081 08 08 084 08 086
Energy barier (eV)

o All saddle point energy for all possible transition around a
dislocation !




Kinetic Monte-Carlo

LA"“,'mi;i" Formation kinetics: AKMC vs ThermoElectric Power

e AKMC 70 °C —— Lavaire ¢t al. 70°C  m

AKMC 45 °C weeeeeeen Lavaire et al. 45°C @

AKMC 20 °C Lavaire et al. 20 °C  a

: : 0.18
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@ Same kinetics without any adjustable parameter
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Needs for stronger C-C interactions

o\ 12 o\6
Initial Screeningofe=0-1 & 6 =1-3.5 Vi = 4e [(_) - ( )
r

r
AEc a
. R
cea PARIS
FeC steels & A‘\ - P g
'  ——
12 o g S ,
: h e
_ o
T F = Influence des amas lcunes - solutés sur le

vieillissement des solutions solides de Fer-a

AE¢ (a—Fe/FesC) = 0.57+1.47kpT.

@ to be continued...
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Silica aerogels

Conclusions

But poor (and not understood) mechanical properties
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Molecular dynamics on large volume

Need for a new potential

Typical pore size: 10 nm
Simulation box size for mechanics > ?

Silica aerogels

nano-particles ~ 3 nm

BKS shell
If BKS shell -

amorphous silica
areogel

o 7 million atoms !
° B [Goncalves et al, J. Non. Cryst. Sol. (2016)]
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Silica aerogels

Tensile test
ligament buckling ?

Tension

/

Stress [MPa]
(=]

8 [ Compression Load

6

4

2 A)ud
0

Strain

o Capillarity effects

° B [Goncalves et al, Acta Mater. (2018)]

0 0.1 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

capillary effects ?
T e
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Take home messages
o LAMMPS is great !

@ Strong need to develop new potentials
el o LAMMPS as a library is convenient (but not fast !)
°

Need for a place to publish/share new fixes
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Take home messages
o LAMMPS is great !
@ Strong need to develop new potentials
o LAMMPS as a library is convenient (but not fast !)

@ Need for a place to publish/share new fixes

Conclusions
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