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&y ALBA Synchrotron in short

T 1St ScIENCE FACILITY
IN SOUTH-WEST EUROPE

= - - (] T E— =8 300 M€ pPuBLIC INVESTMENT (2022)
250 STAFF (28% INTERNATIONAL)

2500 RESEARCHERS PER YEAR
(35% INTERNATIONAL)

300 EXPERIMENTS PER YEAR +
60 INDUSTRIAL EXPERIMENTS PER YEAR

% . - ] 4500 HOURS PER LAB PER YEAR

A large facility to study the structure at atomic scale of materials in:

ADVANCED
g CHEMISTRY PHARMACEUTICAL @ MATERIALS ﬂ ENERGY @ HEALTH

CULTURAL HERITAGE
@ NANOTECHNOLOGY A roaoriar D FOOD AND PACKAGING @ ENVIRONMENT & FORENSIC SCIENGES




What is a synchrotron?

A synchrotron is a particle (electron) accelerator

O Electrons in a synchrotron travel to nearly the speed of light and generate synchrotron light (IR, UV,
soft and hard X-rays)

O Synchrotron light can be used to study materials up to atomic scale like cells, viruses, proteins, drugs...
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Schematic representation of a synchrotron Synchrotron light range in the electromagnetic spectrum




A._AE,‘A Production of synchrotron light in the accelerator, use in the beamline

Instruments for life science

BOREAS Instruments for material science

MIRAS Instruments for metrology

MINERVA
CIRCE
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3 GeV e- synchrotron 11 operating beamlines

;gg mACircumfe_rence + 3 beamlines in construction
mA operating current ! -
> 98% availability + Joint Electron Microscope Center

(JEMCA)
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Instruments for life science

BOREAS gVIos Instruments for material science

MIRAS
MINERVA Instruments for metrology
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Using the synchrotron light
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What is a synchrotron used for?




DRUGS
HI]:I Polymorphism studies and detection of

impurities in drugs
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ALBA researches, MSPD beamline

O High resolution synchrotron X-ray powder diffraction helps determining the presence of
polymorphs in drugs.

O It is the “gold standard” technique for identifying and distinguishing polymorphic forms

and avoid patent infringement. l



CHEMISTRY

Improvement of the color properties of
pigments

FERRO company

Ultramarine blue

O Sulfur species into aluminosilicate cage can be S;-, S, S,, S, SO,%...

O But the higher the amount of S* specie the better the color parameters.

O That helps to improve the production process.

'VEI]TI Project supported by CDTI

Absorption (arbitrary unit)
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O Cadbury made one of the first important
industrial experiments at synchrotron (1998, UK)

Industrially promoted

e O At that moment, there were several polymorphs
e on the chocolate composition.

O Only polymorph V produces good taste and
smooth texture.

With mixing

l Form IV

Form II/III\\\

O il Cadbury optimum conditions

Source: www.newscientist.com/article/mg15821331-100-cool-chocolate/




FOOD AND PACKAGING

INDUSTRIAL
APPLICATIONS

HEALTH

« Dynamics and stability of food emulsions. @

* Phase transitions in fat and rheological act!
carbohydrate food.

« Determination of taxic chemicals including [  LAeT. 1} WHAT INFORMATION
fish, legumes and vegetables. BE STUDIED? CAN BE OBTfER2

= |dentification of chemical elements or spec| 4
ot o wan e | | TECHNICAL LABORATORIES
‘Study of structural changes in plastics used CARE AND HYGIENE sucl

storage of products. DA « Characterisation
« Determination of copper and other metals iR Ll ] chemical produc et Srotron Rekt B omtorios; ALBAT: Al falised technical
© EMULSIONS, FOAMS AND n addition to synchrotron light laboratories, s a set of highly speciali chnical
at their different oxidations steps. = times atter appli i and particle
* Chemical imaging of plants, seeds, grains, © BIOLOGICAL TISSUES  Structural inform also able to offer their expertise in these fields.
e and adhesives for

Determination an|
tissue (muscles, |

© BIOMATERIALS FOR
BIOCOMPATIBLE IMPLANTS

© BIODEGRADABLES FOR

DRUG ADMINISTRATION 3D reconstructior)
of cellular mecha|
The ingesticn of selenium| * Structural studies
to prevent cardiovasculg
metabolisation of selen

by following the differel — \ AT ALBA DOES

determine the best met

ANALYZING ALZHEIMER'S MECH
Aggregates of different proteins are =
suffering Alzheimer. Location and =
neuronal cells have been studied at <
the Alzheimer's mechanisms, to betf} |E5Y
disease and eventually to prevent it} \ -

Cured hams from differg
were characterised in or|
traceability. The evoluti

at different times during
results enabled Spanish|

ESSENTIAL OILS
Essential oils are widely used as na \

preparations. Different vesicles usex \ 4 &
in the ALBA synchrotron. Results st

The crystallisation of vat
ALBA using chocolate al
The results demonstrate]
16 C, a velvety texture

and this texture improve}

in the vesicles without altering th H

e R i Magnetic measurements laboratory
SKIN CARE COSMETICS

X-ray synchrotron diffraction makes
structure of collagen present in the

that infrared rays produce disorgani
e b « Accurate magnetic measurements (100 ppm) of high

SERVICES

magnetic fields of big structures (up 2 m long).
» Measurement of coils for motors or other applications.
+ Measurement of field maps of any type of magnetic
structure.
= * Measurement of multipole magnets (quadrupoles,
sextupoles, etc).

« Measurement of pure permanent magnetic blocks,
isolated or assembled in holders, and sorting and
shimming for constructing insertion devices.

« Modelisation and optimisation of magnetic designs using
3D simulation tools.

Calculation of the main features of measured magnetic
fields (integrals, high order harmonics and fiducialisation
of magnetic fields with respect to mechanical
references).

to address new formulations to protel

ALB A

SYNCHROTRON

https://www.cells.es/en/industry/industrial applications baja.pdf




CHEMISTRY
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WHAT CAN WHAT INFORMATION
BE STUDIED?

CAN BE OBTAINED?

£ CATALYSTS

& ﬁs‘m:s Egsmﬂs

2 PAINTS AND PIGMENTS
& FIBRES

Structural characterisation of solid samples at the atomic level.
Determination of the oxidation states and species in a wide
variety of samples.
MNanoscale characterisation of the shape, size and density of
A PULP AND PAPER molecular aggregates.
A ENCAPSULATION OF Characterisation of depositions, contamination and

ORGANIC COMPOUNDS photochemical processes on surfaces.
& HOME CARE PRODUCTS Microstructural characterisation of dispersions, emulsions and
4 CHEMICAL REACTIONS materials partially ordered.
Chemical identification and characterisation of contaminants.
Study of chemical reactions and processes in both a dynamic
and steady state at the atomic level.
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WHAT ALBA DOES
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CUSTOM-MADE AND MORE EFFICIENT CATALYSTS

Rhodium and Palladium nanoparticles deposited on a ceria substrate are used
as catalysts for the production of hydrogen. The analysis of their surfaces
under working conditions conducted at ALBA showed that the cxide substrate
induced a rearrangement of the nanoparticles that increased the reaction yield.
This result helps to design catalysts with improved performance.

IMPROVING THE PROPERTIES OF PIGMENTS AND THEIR
MANUFACTURING

The low detection limits and the possibility to determine oxidation states
provided by ALBA permitted the colour properties of a commercial pigment,
produced by different synthetic routes, to be correlated with its crystal and
atomic structure. This information is very valuable for developing more efficient
methods for pigment manufacturing.

GIVING SHAPE TO POLYMERS

Different degrees of crystallisation provide plastic materials with properties
that are halfway between hard/solid and soft/flexible. ALBA characterised the
degree of crystallisation of different polymers cooled down at different cooling
rates, similar to those used under industrial conditions, to determine the
most suitable process for tuning the rigidity or plasticity of the polymers for
particular applications.

ADVANCED MATERIALS

WHAT INFORMATION
CAN BE OBTAINED?

In situ study of materials under similar conditions to the
production process.

Atomic structure, electronic and magnetic characterisation of
maternials.

= 0 ion state and species ion
Structure of ics and its evolution during hesis and
manufacturing processes,

Phase determination of materials such as cements and

concretes.

Surface corrosion characterisation with different agents and
working conditions.

Characterisation under high pressure and temperature.

WHAT ALBA DOES

WHAT CAN
BE STUDIED?
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CEMENTS, CERAMICS AND
BUILDING MATERIALS

ADDITIVE MANUFACTURING
MATERIALS

METALS

CORROSION OF MATERIALS
CARBON-BASED
MATERIALS

MATERIALS UNDER
EXTREME CONDITIONS

COMPOSITES AND OTHER
FUNCTIONAL MATERIALS

SUPERCONDUCTORS

TAILOR-MADE CEMENTS

The evolution of the cr lline phase of

properties.

optoelectronics and nonlinear optics.

ADDITIVE MANUFACTURING/3D PRINTING

3D printed extruded filaments of poly-e-caprolactone (PCL) were analyzed at
ALBA under different manufacturing conditions. Results showed that polymer
composition and extruder jet temperature are the main factors determining the
internal structure and the mechanical properties of the manufactured object.
With such findings, the process can be tuned to obtain objects with the desired

MATERIALS UNDER EXTREME CONDITIONS

A new crystalline phase of CdAI254 at very high pressure (250,000
atmospheres) has been identified at ALEA, which remains unaltered after
pressure removal, at 1 atmosphere. This new phase could enhance the
performance of photovoltaic cells and could have industrial applications in

, clinker and cement were
determined during an in situ hydration process using the ALEA's powerful X-rays.
The results permitted the kinetics and mechanisms for early stage hydration of
eco-cements to be established and this will help improve their performance.




O WHY

DO COMPANIES USE
ALBA SYNCHROTRON? N

ALBA Synchrotron techniques provide outstanding
results that cannot be achieved with other
equipment and technigues and which are very
valuable in boosting a company's competitiveness.

HIGHER RESOLUTION
FASTER EXPERIMENTS
=

)

OXIDATION STATE DETERMINATION

WIDE VARIETY OF SAMPLE
W ENVIRONMENTS

y



INDUSTRY program from ALBA to ALBA II:
Possible evolution of Parc de PALBA

1st funding received for ALBA Il - MRR
= 7.5 M € (hardware & staff) for prototypes for
ALBA Il SR and Nano pos. Lab
= 10 M € for New Beamline
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= for semiconductor technologies
One Health (ROH)[IL LTl
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TO CONTACTALBA =
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FAST CONFIDENTIAL FULL SERVICE

One-stop shop service which provides guidance and coordinates everything

iIndustrialoffice@cells.es
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Long term contract between
HENKEL and ALBA

ALBA propose
a methodology
, ) for producing
- & ! better additives
? . LOETITE for concrete
Schwarzkopf
Purex @ syoss :@ TECHNOME? technology

SAMTACK benefits from synchrotron
light for improving food packaging <

The company is analysing nanoparticles contained in a new food
packaging system that will prevent food oxidation and extend its
lifetime.

D, g

ENANTIA uses ALBA’s X-rays to
detect crystalline impurities in
drug products

e

TOYOTA and CSIC
proved viability
of calcium-based
batteries

The Spanish Research Council (CSIC)
in collaboration with TOYOTA Motor
Europe (TME) demonstrates the
viability of Calcium rechargeable
batteries using ALBA techniques.

Some ALBA Industry clients

Helix BioStructures performs first post-

lockdown COVID-19 measurements at ALBA
BASF,UPCand [

JELIX

BIOSTRUCTURES

75 different clients using
ALBA beamlines

More than 530 industry
measurements

ESTEVE, UAB and ALBA Synchrotron
join efforts to investigate the
mechanism of action of new
inhibitors against pain




industrialoffice@cells.es

THANK YOU!
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