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Today, in an world ever more competitive scientifically and 

technologically, deep knowledge of materials properties is 

fundamental.



Some synchrotron  facilities in world

Free Electron Lasers

75 Years of Science with Synchrotron Light

60 Synchrotron and Free Electron 

Laser facilities around the world  



Construction of Synchrotron Lines



ARPES Beamline at SOLARIS Constructed by FMB Company  







Brilliant research thanks to ZEISS 

Mirrors and gratings for synchrotrons



• 43 Beamlines

• 2022 Budget : 90 million Euro

• Number of Staff: 700

• 450 scientist, technicians, and 

engineer  

• About 9000 researchers come each 

year to the ESRF to carry out 

experiments.

• 9000 proposal

• 2000 paper annually published

• 330 million Euro for its upgrade

2022 Budget of European Synchrotron Radiation Facility (ESRF)



Exploiting the Innovation Potential of Synchrotron 

Based Researches for Industry  

• R&D partnership with industry

To develop union capabilities and industrial supply in high-tech areas such as scientific 

instrumentation

• Stimulate the industry for using the synchrotron based experiments

Experimental test facilities, innovation hubs, knowledge-based centers

• Encourage the integration of synchrotron research into local, 

regional and global innovation systems 





ESRF Collaboration with Industry



Spring-8 

Storage Ring

8 GeV

X-ray Free 

Electron Laser 



TOYOTA 

Beamline



TOYOTA BEAMLINE (BL33XU)

Optics 2 

Double Crystal Monochromator (4.5-72 keV)

Long distance from monochromator to sample about 80 m

m focus with K-B mirror

Optics 1 

High speed energy sweep (4.5-50 keV, 10ms/scan)

Focus and expand beam with horizontal and vertical 

mirros

• High speed X-ray absorption fine 

structure (XAFS) (operando analysis)

• Three dimensional XRD

• SAXS

• X-ray computed 

tomography/laminography

• X-ray Raman Scattering 



Charge and Discharge of Li-ion battery using in situ 

X-ray Raman Scattering at TOYOTA beamline



Synchrotron and Business

Synchrotron radiation is used not only for scientific 

purposes, but is also crucial for the development of 

many companies.

Companies

facilitates the use of large research infrastructure, including 

synchrotrons. The companies under this project can participate in 

specialized consultations and training offered by the project 

partners, and will gain access to synchrotron radiation sources to 

test their innovative ideas. 



Barcelona Synchrotron Park (Businesses Park)

ALBA Synchrotron

30000 Companies



Barcelona Synchrotron Park Sectors 

871 Companies

Turnover 15.9 Billion Euro
2700 Companies

Turnover 26 Billion Euro



Techniques Available in ALBA

 X-ray Powder Diffraction 

 Macromolecular Crystallography 

 Small and Wide Angle Scattering (SAX and WAX) 

 Infrared Microspectroscopy



 X-ray Absorption and Emission Spectroscopy 

 Photoemission Microscopy 

 Soft X-ray Microscopy 

 Photoemission near ambient pressure spectroscopy 





Research with synchrotron X-rays boosts industrial 
innovation

What is the attraction of synchrotron X-ray 

studies to industrialists? 

Industrialists come synchrotron because the level of detail which is resolved 

by synchrotron based experiments is far superior to standard laboratory 

techniques

Synchrotron offers industry cutting-edge techniques for characterizing 

materials and processes at micro and nanoscopic levels by using 

synchrotron light, providing results focused on a company's specific 

needs.



 Its extreme Intensity (ten of millions times higher than any 

laboratory source

 Covers a wide range of energy (IR to hard X-ray)

 Strongly collimated 

 Can be polarized linearly, circularly, and elliptically

 higher quality experimental data (higher signal-to-noise 

ratio), faster and more precise results

Properties of Synchrotron Radiation



Industrial Applications



Synchrotron based X-ray Imaging

Sample

Density and Morphology

Chemical Composition/StateStructure/Crystallographic 

Orientation/Perfection

A substantial fraction of synchrotron radiation-based 

research is being carried out today with an ‘imaging-

type’ approach.

Samples are not homogeneous, and that a ‘local’, in 

the μm or sub-μm range, characterization is needed.

Why?







Renewable Energy and Energy Storage

• Lithium-ion Batteries for Energy Storage Applications 
Active Material (LiNi0.5Mn0.3Co0.2O2) NMC

Conductive Carbon
Binder (polyvinylidene Fluoride) 
Pores

Movement of Li+ between cathode and anode

Discharging: Li+ migration from anode to cathode

Charging: Li+ migration from cathode to anode



Scanning Electron Microscopy of Lithium-ion Battery

ZEISS FE-SEM instrument

X-ray holotomography with nanometric

resolution to study the three structural 

components of different electrodes with a 

variable amount of CBD. The technique 

exploits phase contrast, which allows one to 

properly

 The performance the Lithium-ion 

batteries depends strongly on the 

Microstructure of the electrodes 

 The distribution of heavy elements 

(NMC) and light elements (CBD) in 

the composite electrode in 

nanometer 



LRCS Company

RENAULT Company

ID16B Beamline at ESRF : NANO-ANALYSIS BEAMLINE 



General optical layout of ID16B Beamline at ESRF

• nano X-ray fluorescence (XRF)

• Nano X-ray absorption spectroscopy (nano-XAS)

• Nano-tomography

• 2D/3D nano X-ray diffraction (nano-XRD)

• Nano X-ray excited optical luminescence (nano-XEOL)

• Nano X-ray beam induced current (nano-XBIC)



Tomography Techniques as a powerful Tool for the Microstructure

of the Electrodes





Making A fire-Resistant Steel 

Twin Towers collapse



1103 K

1109 K 1113 K

1117 K 1119 K 1121 K

In Situ Observation of the nucleation process 

inside steel as it is submitted to temperature 

variation especially in the phase transitions 

Controlling the nucleation means controlling 

the properties of the material

ID11 Material Science Beamline at ESRF 



 Infrared microscopy analysis of fluid inclusions

 Analysis of trace elements of crude oil to determine the path followed by oil during migration.

 3D in situ distribution and flow of oil and water in oil-wet matrices using microtomography.

 Studying the conditions of high temperature and high pressure that take place in future oil reservoirs, which are likely

to be located much deeper than current ones.

 Studying the behaviour of the mixed fluids (oil, water, gas and sand) that originate in the reservoir when submitted to

changes of temperature and pressure during the transport to the surface through small-angle X-ray scattering.

 Elimination of S, N, Ni, V from crude oil is of major environmental importance. XANES is able to provide clues as to the 
local coordination of these elements and even more interesting on solid heavy oil deposits.

 Identifying structural and electronic characteristics of catalytic materials under in situ/operando conditions.

Petrochemical Applications of Synchrotron Facility



Fischer-Tropsch Synthesis 

A heterogeneous catalytic process that converts biomass-derived syngas (mixture of CO and 

H2) to synthetic liquid fuels and valuable chemicals. FT synthesis has received renewed 

interest in recent years due to the necessity to decrease global dependency on fossil fuels

H2
CO



ID15A-Material Chemistry and 

Material Engineering 



Co/-Al2O3

X-ray diffraction tomography





Co3O4 nanoparticle size distribution map recorded at 150 °C during reduction in H2.



Co nanoparticle 

CoO nanoparticle 

H2 reduction FTP



SESAME Beamlines



BM08

BM02-IR

BM08

Material Science

IR Beamline



Beamline for Tomography at SESAME






