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Synchrotron light: a unique tool for the 

characterization of plastics and rubber
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1st     
SCIENCE FACILITY 

IN SOUTH-WEST EUROPE

2500 RESEARCHERS PER YEAR           

AAAAAA(35% INTERNATIONAL)

250 STAFF (28% INTERNATIONAL)

300 M€ PUBLIC INVESTMENT (2022)

ALBA Synchrotron in short

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:
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❑ It is a particle (electrons) accelerator.

❑ The electrons travel to nearly the speed of light and generate synchrotron

light: IR, UV, soft and hard X-rays.

❑ Synchrotron light can be used to study materials up to atomic scale

Scheme of a synchrotron Synchrotron light range in the 

electromagnetic spectrum
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What is a synchrotron
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Production of synchrotron light in the accelerator, use in the beamlines

11 operating beamlines3 GeV e- synchrotron
270 m circumference
250 mA operating current
> 98% availability

+ 3 beamlines in construction
+ Joint Electron Microscope Center 

(JEMCA)

Accelerators

Beamlines
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A large facility to study the structure and the interior of 

matter
✓ 85 different clients using 

ALBA beamlines

✓ Wide range of industrial 

sectors

✓ 600 industrial experiments

ALBA clients
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https://www.cells.es/en/industry/industrial_applications_baja.pdf
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ALBA Synchrotron with plastics and rubbers

EXAMPLES
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NCD-SWEET beamline: SAXS and WAXS (Small and Wide Angle X-ray Scattering)

SAXS detector
WAXS detector

SAXS WAXS

DECTRIS webinar 15/05/2018

NCD-SWEET beamline

✓ Provides structural information

✓ What can be studied: changes in the
structure, crystallization, morphologies
(lamellar stacks, spherulites…)

✓ In-situ changes can also be monitored
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Investigation of Polyvinyl Alcohol (PVA) upon uniaxial stretching using SAXS

T. Yano et al. / Polymer 53 (2012) 4702-4708 

“In-situ analysis of the uniaxial stretching of an electrospun nanofiber mat: nanofiber orientation and the crystallite and molecular 
chain orientation. This may contribute to material design of non-woven nanofiber materials for industrial applications.”

“In-situ stress-strain measurement with synchrotron radiation is a powerful tool for the investigation of structural development of 
polymer materials, enabling a wide range of structural details to be studied on a single specimen during mechanical deformation.”

“The influence of crystalline orientation, orientation-induced crystallization, crystal transition, fibrillar formation and cavitation on the 
film deformation process has been demonstrated. 



12 1212

Polymer crystallization studies in Polyethylene (PE) blends using SAXS

Crystallization of Polymers pp 403-414
Q. Fu et al.  Polymer 44 (2003) 1927–1933

✓ Studies with HDPE/LDPE blends at different percentage
✓ Temperature changes and deformation were applied
✓ Changes in morphology observed; spherulites, elliptical particles and rods, crystal

thickness, lamellar stacks..
✓ Changes in crystallization observed
✓ Mechanical properties of the semi-crystalline polymers are related to their

crystalline morphology
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Structural studies of composite fibers  using SAXS

W.J. Lee et al. / Carbon 146 (2019) 162-171

SAXS (…) can be thus conveniently used to analyze individual
30µm diameter composite fibers (…) enhanced orientation for
the f-SWCNT samples, with the best alignment for the 10 kDa
fibers (…). The (bulk) SAXS showed (…) that the nanotubes
were indeed preferentially orientated to the nanocomposite
fiber axis.

Nanocomposites are critically influenced by interfacial 
interactions between the reinforcement and matrix. Polyvinyl 
alcohol (PVOH) of varying molecular weights  were prepared and 
grafted-to single-walled carbon nanotubes (SWCNTs), to improve 
the interfacial interaction with a homopolymer PVOH matrix.
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Investigation of slow injection molding using SAXS

Sakurai. Polym Int., 2017 (66) 237–249

SAXS provides morphological and orientation information, allowing to 
investigate material heterogeneities, that could be originated during the 
fabrication steps 
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in situ 3D printing studies using SAXS

*Tojeira, A., et al. , Controlling the morphology of polymers (pp. 181-207). Springer.

Parameters influencing the fiber orientation and hence, the final material properties
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Mechanical reinforcement in rubber composites using SAXS

N. Candau et al. / Polymer Testing 101 (2021) 107313

➢ Mechanical performance of the rubbery components in pneumatics or other natural rubber is related to their ability to undergo
strain-induced crystallization (SIC)

➢ Incorporation of crystallizable waste into natural rubber enhances reinforcement of the resulting composites
➢ Confirmation of SIC in natural rubber/ground tire rubber composites using in-situ X-rays radiation during uniaxial deformation
➢ Use of waste rubber particle devulcanization may be beneficial to improve the reinforcement and strain induced crystallization

✓ In-situ measurements
✓ Deformation induces crystallization
✓ Samples with ground tire rubber

improves the properties

Isotropic amorphous state

Anisotripic semi-crystalline state
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✓ Study the chemical and biochemical composition of materials in different physical states

✓ High spatial resolution (max 3x3 µm²) to characterize heterogeneous samples

MIRAS beamline: infrared spectroscopy and microscopy 

Sample

IR Synchrotron light

Entrada de la 
luz sincrotrón



18 1818

In-situ FTIR imaging on the plastic deformation of isotactic polypropylene (iPP) thin films

J. Li et al. / Polymer 55 (2014) 1103-1107

➢ Plastic deformation of semi-crystalline polymers is an important phenomenon which occurs during tensile deformation in film 
processing

➢ Understanding the mechanism  of plastic deformation is key to guide the processing of high performance products
➢ To better understand such process methods with time resolved and spatial resolution are needed.
➢ Specific IR bands are determined to estimate the content of crystal and amorphous
➢ Synchrotron FTIR technique can be used to detect spatial resolution of crystallinity, orientations of crystals and amorphous 

chains
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XANES
• Oxidation state

• Unoccupied electronic states
• Spin state

• Local structure
• Direct information about 

bond angles

EXAFS
• Bond distances

• Coordination number
• Static and dynamic disorder

CLAESS beamline: X-ray absorption spectroscopy
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Polyurethane foam dopped with Ag nanoparticles studies with XAS

▪ Polyutethane foam with Ag nanoparticles to be used as antibacterial in water treatment.

▪ XAS technique allows studying the oxidation state and chemical stability of Ag

Doménech et al. New J. Chem., 2016, 40, 3716. 

✓ Ag species of new and old simples were very similar, showing that nanoparticles were stable

✓ Some oxidised species were found in all the samples (AgNO3 o Ag2O)
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Alejandro Sánchez

PhD Physics

Núria Valls

PhD in Structural
Biology

Marta Ávila

PhD in 
Chemistry

Bárbara Calisto

PhD in Structural
Biology

a “one-stop-shop” that provides guidance and coordination for the whole access

Virgínia Boix

PhD Physics

One-stop shop service which provides guidance and coordinates the whole process

industrialoffice@cells.es

mailto:industrialoffice@cells.es
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industrialoffice@cells.es

FAST CONFIDENTIAL FULL SERVICE

mailto:industrialoffice@cells.es
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ENTRY

LEAPS-INNOV:

➢ SPECIFIC PROGRAMME FOR SMEs (TamaTA)

➢ FREE ACCESS TO  ALBA

➢ CALL OPEN: https://wayforlight.eu/en/industries/

ReMade@ARI:

➢ PROJECTS ADDRESSINS CIRCULAR ECONOMY

➢ SPECIFIC PROGRAMME FOR INDUSTRIES (2 different programmes)

➢ FREE ACCESS TO  ALBA

➢ CALLS OPEN

ALBA ILO (industrialoffice@cells.es) will help

Funding opportunities via European Projects 

https://wayforlight.eu/en/industries/
mailto:industrialoffice@cells.es
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✓ Synchrotron light is very useful and flexible for the plastics and 

rubber industries

✓ Synchrotron light can provide information on:

✓ Structure, orientation, crystallinity

✓ Chemical imaging information with spatial resolution

✓ Oxidation state and chemical species of polymer additives

✓ Tailored access to different synchrotron techniques for 

industries. Funding available.

Summary
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industrialoffice@cells.es

THANK YOU!

mailto:industrialoffice@cells.es

