
Panorama de la caractérisation des matériaux

Exemple matériaux pour la catalyse hétérogène

Du réacteur industriel à l’espèce active 

Changement d’échelle spatiale

Changement d’échelle temporelle
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Reduction:
 Pure H2
 12 mL/min
 10 °C/min
 T = 500°C
 t = 2 h

Activation

Réaction

Désactivation

Spectrocopies / Mesure des produits 

TEM/O2 300°C

STXM 

62, 775

Co/Al2O3 ESR
NiCu/Al2O3 ESR

Microscopie environnementale



Combinaison de techniques
Analyse Multivariée



Elaboration 
2005
31P MRI
172 x 371 µm2

500 s/image

2021

Mo K 
16 x 16 µm2

11 s/image

2017
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Materials for Energy Production, Conversion or Storage:
Complex Heterogeneous Materials where the Role of Interfaces is Crucial vs Applications

To tackle the Challenges of Substainable Energy Technologies:

 Multi length Scales Imaging from nm to µm - large FoV - elemental composition

 Time resolved Operando Characterization

 Various Characteristic Times from ps to s, min or …. more

 Integrative Approach with Leading Research Groups to develop Cutting-Edge Research

Li-ion Batteries

Graphite electrode

Degradation

Commercial
cell

Heterogeneous
Catalysts

Photovoltaic Devices



APS – Spatial Resolution 15 nm 
– 35 min / pattern

68 nm NP size

SOLEIL-U – Spatial Resolution 1-2 nm –
30 sec or less/ pattern

5 to 10 nm NP size

Bragg Coherent Diffraction Imaging

X-rays

Blue = compressive strain
Red = tensile strain

400 °C

T 

T 

T 

T 

MS data

Co
 c

on
ve

rs
io

n 
(%

)

Temperature (°C)

WIth the design of catalytic reactors
(high pressure and high temperature)

=> Operando characterization rather
than in situ measurements of relevant in 
size catalysts

⇒ Statistical evaluation of a lot of NPs

=> Experimental data for DFT simulation

Au/TiO2









Techniques:

Résolution spatiale

Résolution Temporelle

Sensibilité

Analyse de Données
Et le BiG Data

Domaines d’Applications

Limitations

Modélisation:

Domaines d’Applications

Limitations

Résultats de Rêve
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