Synchrotron Radiation and Oil Industry Research
C. Pichon, J. Lynch

To cite this version:
C. Pichon, J. Lynch. Synchrotron Radiation and Oil Industry Research. Oil & Gas Science and
Technology - Revue d’IFP Energies nouvelles, Institut Français du Pétrole, 2005, 60 (5), pp.735-746.
�10.2516/ogst:2005052�. �hal-02017242�

HAL Id: hal-02017242
https://hal-ifp.archives-ouvertes.fr/hal-02017242
Submitted on 13 Feb 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Oil & Gas Science and Technology – Rev. IFP, Vol. 60 (2005), No. 5, pp. 735-746
Copyright © 2005, Institut français du pétrole

Dossier
Synchrotron and Neutron Solutions to Oil Industry Problems
Utilisation des grands instruments analytiques dans l’industrie pétrolière

Synchrotron Radiation
and Oil Industry Research
C. Pichon1 and J. Lynch2
1 IFP-Lyon, BP 3, 69390 Vernaison - France
2 Institut français du pétrole, 1 et 4, avenue de Bois-Préau, 92852 Rueil-Malmaison Cedex - France
e-mail: christophe.pichon@ifp.fr - john.lynch@ifp.fr

Résumé — Rayonnement synchrotron et recherche dans l’industrie pétrolière — Du fait de ses
propriétés particulières, le rayonnement synchrotron est un outil de caractérisation puissant permettant
l’obtention d’informations spécifiques dans de nombreux domaines scientifiques et, en particulier, dans le
domaine de l’industrie pétrolière.
Cet article d’introduction au dossier « Utilisation des grands instruments analytiques dans l’industrie
pétrolière » propose une approche rapide et concrète de l’outil synchrotron, de ses propriétés et de ses
applications dans toute la chaîne pétrolière (du puit de pétrole aux produits raffinés).
Abstract — Synchrotron Radiation and Oil Industry Research — Because of its unique properties,
synchrotron radiation is a powerful tool for characterisation from which it is possible to obtain specific
information in various scientific domains and, in particular, in the field of the oil industry.
This introductory article to the dossier “Synchrotron and Neutron Solutions to Oil Industry Problems”
proposes a brief but practical overview of synchrotron radiation as a tool, of its properties and of its
applications in the hydrocarbon industry (from oil well to refined products).
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INTRODUCTION
Although not strangers to each other, synchrotron radiation
and the oil industry represent, apparently, two very different
worlds.
Known since antiquity as a light source or a way to
protect wood against insects and seawater, crude oil started
to be a real industrial product on August 27th 1859 with the
first drilling of oil wells in Pennsylvania. With the apparition
of the car industry, at the beginning of the 20th century, the
oil refining industry was created and quickly rose to be one
of the major human activities around the world. Highly
strategic, the oil industry drains colossal funds, employs
many people around the world and associates very different
activities (exploration, reservoir engineering, drilling,
production, refining, petrochemicals, engines and energy)
from the oil-well to the car. Often based on chemistry, it
aims at the transformation of a raw material into refined
useful products.
Synchrotron radiation is, for its part, more recent and
experienced a rapid expansion during the second half of the
20th century. Nowadays, synchrotron radiation is considered
as one of the most powerful instruments for physicalchemistry characterisation of products and materials.
Biochemistry [1, 2], materials science [3-5], product characterisation [6-9], nanotechnology [10, 11], catalysis [12-15]
are, in particular, fields of activities for which several
applications implying synchrotron radiation can be found.
In spite of the increasing interest of synchrotron radiation
for the research activities in the field of oil industry [5, 8, 9,
12-15], the difficult access to the instrument, linked to its
rarity, is one of the reasons why synchrotron radiation is not,
at the present time, used on a routine basis, being reserved to
more fundamental activities in research in the field of oil
industry.
But, with the 21st century, and the rarefaction of petroleum
reserves, the time has arrived to enhance the value of each
atom of carbon of each oil drop. The consequence of such an
increase of the value of crude oil is of course a need to
enhance of our knowledge, if possible down to an atomic
scale, of oil products and catalysts. Here, the use of
synchrotron radiation, and, more generally, the use of large
instruments, including research nuclear reactors (see article
by H. Jobic and A. Méthivier in the current issue), can be
very useful because of the wide ranging and powerful
analytical information they provide.
The main aim of this article is to introduce the Oil & Gas
Science and Technology thematic dossier “Synchrotron and
Neutron Solutions to Oil Industry Problems”, in which a
wide range of scientific themes and techniques are tackled.
As a conclusion to the dossier, a final article dedicated to
a new third generation synchrotron source, SOLEIL, is
presented. The following articles make up the dossier:

– 3D Quantification of Pore Scale Geometrical Changes
During Carbonate Sample Dissolution, by D. Bernard;
– Synchrotron FTIR Hydrocarbon Fluid Inclusions Microanalysis Applied to Diagenetic History and Fluid Flow
Reconstruction in Reservoir Appraisal, by N. Guilhaumou
and P. Dumas;
– EXAFS Characterization of New Active Phases for
Catalytic Hydrotreatment Catalyst, by C. Thomazeau,
C. Geantet, M. Lacroix, M. Danot and V. Harlé;
– Kinetics of Sulfidation of Hydrotreating Catalysts Doped
with Organic Additives Using In Situ EXAFS Spectroscopy, by C. Geantet, M. Lacroix, P. Mazoyer-Galliou,
F. Diehl and C. Pichon;
– Nature of the Interactions between the Metallic Part of
an Industrial Bimetallic Pt-Rh Post Combustion Catalyst
and the Support, by F. Maire, D. Bazin, S. Schneider,
H. Dexpert, G. Meunier, F. Garin and G. Maire;
– Structure and Size of Bimetallic Palladium-Platinum
Clusters in an Hydrotreatment Catalyst, by D. Bazin,
D. Guillaume, C. Pichon, D. Uzio and S. Lopez;
– Molecular Diffusion in Zeolites Studied by Neutron
Scattering Techniques, by H. Jobic and A. Méthivier;
– Toward operando Characterisation by Powder Diffraction Techniques of Molecular Sieves, by C. Pichon,
H. Palancher, J.L. Hodeau and J.F. Bérar;
– SOLEIL a New Powerful Tool for Material Science, by
F. Baudelet, R. Belkhou, V. Briois, A. Coati, P. Dumas,
V.H. Etgens, A.M. Flank, Ph. Fontaine, Y. Garreau,
O. Lyon, I. Quinkal, F. Rochet, P. Roy, M. Sauvage,
F. Sirotti, A. Somogyi and D. Thiaudière.
In this introductory article we focus on the most widely
used large instrument: the synchrotron. After a short presentation of synchrotron facilities and synchrotron radiation, we
present the future challenges in the field of characterisation
of oil products and catalysts and we show how synchrotron
radiation can be use to obtain information in a specific,
original and complementary way compared to convention
analytical tools.
1 WHAT IS A SYNCHROTRON
AND WHAT IS SYNCHROTRON RADIATION?
1.1 Synchrotron and Synchrotron Radiation:
a Short Historical Review
A long time after the discovery of X-rays by Roëntgen in
1895, the first synchrotron radiation was observed in 1947 in
the General Electric synchrotron by Elder et al. [16]. Since
first generation synchrotron facilities were first build for high
energy physics and collision science, the synchrotron
radiation was, at the beginning, considered as a parasitic
phenomenon because it causes the accelerated particles
(electrons) to lose energy.
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However, some experimental investigations of the
properties of the synchrotron radiation were carried out in
the late 1940’s [17-20], and opened the way to characterisation by spectroscopy using synchrotrons [21, 22].
During the 1970’s, as new storage rings were built for highenergy physics research (for example, DCI and ACO
in France) and as the interest for this type of research
increased, more and more studies, implying synchrotron
radiation and based on a growing number of techniques,
began. At the same time, and in relation with the increase of
the synchrotron beam-time available for scientists, new
characterisation techniques appeared or re-appeared around
the storage ring. This was the case for X-ray absorption
spectroscopy, and more particularly for EXAFS spectroscopy, experimental evidence of which was know for a
long time [23, 24], and which found a new development
with the work of Sayers et al. [25].
With the increase of the interest for synchrotron radiation,
second-generation sources, built to be dedicated to
synchrotron radiation research, appeared around the world
(SRS in Daresbury, UK, 1980; NSLS in Brookhaven, USA,
1981; Photon Factory in Tsukuba, Japan and BESSY in
Berlin, Germany, 1982, etc.). At the same time, major
progress was made in the 1980’s in developing optics,
instruments and techniques in the UV and X-ray spectral
range. The presence of such new and powerful capabilities
led to a tremendous expansion of the research fields:
condensed matter physics, material sciences, chemistry,
biology, environmental science and electronics. Secondgeneration synchrotrons represented a tool well adapted to
improve our understanding of nature.
The increase of the interest for higher spatial, temporal and
energy resolution which was a driving force lead to the
construction of a third-generation synchrotron radiation
sources during the 1990’s which were conceived around
newly invented high-brightness undulator devices [26, 27]. At
present, three third-generation synchrotron are in operation
around the world (ESRF, Grenoble, France; Spring 8, NishiHarima, Japan; APS, Argonne IL, USA) and many others are
under construction (SOLEIL, Orsay, France; DIAMOND,
Didcot, UK; LLS ALBA, Barcelona, Spain, etc). More
information about the SOLEIL synchrotron is available in the
closing article of this dossier (by F. Baudelet et al.).
At the same time, the development of fourth-generation
synchrotrons, represented by the free electron laser (FEL)
source is on the march [28] and a FEL operating in the hard
X-ray domain is under construction in Hamburg [29, 30].
1.2 General Description of the Machine
When high-energy charged particles, such as electrons,
positrons or ions, travelling at relativistic energies (i.e. with
a speed close to the speed of the light in vacuum), are
deflected by an appropriate magnetic field, the energy loss
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induced by the acceleration of the particle is compensated
for by the emission of electromagnetic radiation tangential
to the orbit of the particle (see Fig. 1). This radiation is called
synchrotron radiation.
Generally speaking, recent synchrotron facilities use
electrons as high energy particles to produce synchrotron
light (some second generation synchrotron facilities are
operated with positrons). To produce synchrotron light,
synchrotron facilities are composed of:
– An electron gun which produces bunches of electrons
from a metallic foil [31, 32].
– Several accelerators (first a linear accelerator and then a
roughly circular booster) which accelerate the bunches of
electrons to a speed close to the speed of the light [33, 34].
– A storage ring where the accelerated bunches of electrons
travel in a roughly circular orbit and where they emit
synchrotron light [35]. A booster linked to the storage ring
via an injection device allows reloading of the storage ring
with accelerated bunches of electrons.
– Several beam-lines, which are beam channels attached to
the storage ring and allow the synchrotron light to be
conditioned and used on various experimental stations
[36-43] (see Fig. 2).
A beam-line, the most important device of the synchrotron
facility from a user’s point of view, materialises the optical
path of the synchrotron radiation from the storage ring to the
experimental station. Typically, it consists of:
– Various optic devices which aim at the definition of
the size (slits), of the energy or the wavelength (monochromator [44, 45]) and of the focussing (mirrors [46, 47])
of the beam.
– The experimental station itself. Depending on the nature of
the experiment (diffraction, scattering, absorption, tomography, photoemission, etc.), various elements can be found
on an experimental station (goniometer, diffractometers,
sample holders, detectors, etc.).
An example of a beam-line is given in Figure 3 (a and b).
1.3 Synchrotron Light
In the early 1960’s, as synchrotron radiation was no longer
considered as simply a nuisance in high energy physics
phenomena, its exceptional properties were studied and
used for various analytical purposes. The basic equations
describing synchrotron radiation are well know and will not
be discussed in this article (extensive information can be
found elsewhere [49-53]).
From the analysis point of view, synchrotron radiation has
several important properties [54-57]:
– high intensity with storage rings emitting from several kW
to several MW of synchrotron radiation;
– broad spectral range covering a continuum from the
infrared to the hard X-ray region;
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Figure 1
Emission of synchrotron light from bending magnet [48] (reproduced with permission from ESRF).

Figure 2
Synchrotron beam-line [48] (reproduced with permission from ESRF).
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Figure 3a
BM16 Optical hutch of the ESRF [48] (reproduced with permission from ESRF).

Figure 3b
BM16 experimental hutch of the ESRF [48] with the Small Angle X-ray Scattering station, SAXS, and the Protein and macromolecular
crystallography station, PX (reproduced with permission from ESRF).

– natural high degree of collimation in the range of 1 mrad
to 0.1 mrad;
– high polarisation which is completely linear in the plane
of the orbit;
– pulsed time structure with a pulse duration as short as
50 ps;
– small source size from several square millimetres to a few
tens of square micrometres;
– high degree of stability of the synchrotron beam because
of the high stability of the electron beam in the storage
ring (linked with the high quality of the vacuum in the
ring).
With such properties, synchrotron radiation first appears
to be a high brightness source of photons (defined as the flux
of photons per unit area of the radiation source per solid
angle of the radiation cone per unit spectral bandwidth).

In the X-ray region, synchrotron radiation is from 104 to 1014
times more brilliant than an X-ray beam from a conventional
sealed X-ray tube used in a laboratory (see Fig. 4). The
superior spectral brilliance of the beams of photons from a
third-generation synchrotron radiation source can be a critical
element for success for frontier experiments that can require
very high resolution in energy, in time or in space. It is also
of great help in the field of in situ experiments where it
allows rapid recording of data.
A second advantage of synchrotron radiation over
conventional X-ray sources is that it is a tuneable X-ray
source. This unique property of synchrotron radiation opens
the field of X-ray spectroscopy and can for instance help to
eliminate, by an appropriate choice of the working energy,
parasitic phenomena (such as X-ray fluorescence in an X-ray
diffraction experiment).
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as topographic studies (mapping of the samples) and
X-ray or infrared microscopy (see articles by D. Bernard
and by N. Guilhaumou and P. Dumas in this issue).
Just as it is not the only way to produce radiation, the
synchrotron is not the unique solution to study an interaction
between radiation and matter and, of course, a lot of recent
and important scientific studies do not imply synchrotron
radiation. However, in the field of atomic and molecular
physics, synchrotron radiation offers unique possibilities
(linked to its unique properties) to characterise a wide range
of properties such as binding energies and their shifts with
molecular environments, energetic and atomic structures and
their evolution during dynamic processes, etc.
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Figure 4
Brilliance of the X-ray beams.

Research in the oil industry addresses a vast range of
problems and needs to include contributions from many
disciplines. The complexity of the industry has evolved
enormously over the last few decades, in response to
contrasting (indeed partially contradictory) global trends
towards an increase in consumption coupled with increasing
concerns over impact on climate and the ultimate limitation
of world resources. The increased use of high technology
solutions has become essential to identify new sources, to
maintain the production of existing fields, and to ensure the
transformation of crude oil into an ever-cleaner energy
source.

1.4 Properties of Synchrotron Light
and Analytical Techniques

2.1 Exploration

The specific properties of synchrotron radiation allow
specific techniques that can bring complementary information. In particular, and if we focus on key properties, it
appears that:
– The energy continuum of synchrotron radiation allows
specific diffraction or spectroscopy techniques such as
anomalous X-ray diffraction, X-ray absorption spectroscopy: XANES and EXAFS (see articles by C. Thomazeau et
al., C. Geantet et al., D. Bazin et al. and C. Pichon et al.
in this issue).
– The high brilliance of synchrotron radiation improves the
efficiency of some analysis techniques such as small angle
X-ray scattering (SAXS) and powder X-ray diffraction,
and opens the way to in situ characterisation, timeresolved studies with small characteristic times and
characterisation of fragile materials (proteins for example).
Articles by C. Geantet et al. and by C. Pichon et al. in the
current issue deal with in situ characterisation.
– The high brilliance together with the possibility to obtain
a small source size and a natural high degree of
collimation of the beam allow specific applications such

Prediction of the likely target areas in which to search for
crude oil is greatly improved by the study of the geochemical history of an area. Laboratory techniques, such as
optical and electron microscopy and X-ray diffraction
(XRD), provide the bulk of the information needed.
Synchrotron radiation techniques can however improve our
knowledge of source rocks, for instance, by infrared
microscopy analysis of fluid inclusions (see the article by
N. Guilhaumou and P. Dumas in the current issue). Trace
element analysis of crude oil can help to determine the path
followed by oil during its migration. Highly sensitive
elemental analysis techniques exist in synchrotron radiation
centres, but here chromatography and mass spectrometry,
providing information on speciation and isotopic abundance,
are far more developed [58].
Hydrates of natural gas may represent an enormous
untapped reserve for the future. As we shall see, hydrates are
also an important topic in the transport of oil. Identification
of hydrate reserves by seismic exploration relies on knowing
the response of these solids to acoustic waves, i.e. their
mechanical properties. Inelastic X-ray scattering is one of the
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techniques under evaluation to determine the vibrational
response of hydrates as a function of their structure [59].
Determining the conditions for formation and preservation
of hydrate structures, in order to identify promising areas
for exploration, is also an active topic of research. The
experiments required involve acquisition of X-ray diffraction
patterns under high pressure at low temperatures: conditions
that can be achieved in laboratory XRD set-ups but for which
the use of high-energy synchrotron radiation allows much
flexibility [60].
2.2 Reservoir Engineering
The key topic here is fluid transport in porous media. Oil and
gas displacement in reservoirs over scales of several tens of
kilometres may be strongly affected by phenomena at the
fluid/rock interface. In particular, preferential wettability of
rocks by oil or water affects the amount of oil that remains
trapped in place after extraction. The nature of the rocks can
be determined in the laboratory by optical microscopy and
X-ray diffraction, whilst electron microscopy provides the
morphology and composition. By freezing and sectioning
samples, 2D images of fluid distribution in rocks can be
obtained using cryo-microscopy. However, for 3D in situ
studies of the distribution and flow of oil and water in oil-wet
and water-wet matrices, microtomography is likely to
provide key information [61]. Figure 5 illustrates the
complementary nature of high spatial resolution 2D information from cryo-microscopy and the 3D studies possible

with microtomography (see also the article by D. Bernard in
this issue).
2.3 Drilling
Future oil discoveries are likely to involve drilling at depths
of several kilometres, implying conditions of high temperature and high pressure that have rarely been explored up to
now. In addition to the challenge of developing electronic
components capable of withstanding these conditions, so as
to ensure monitoring and guidance of the drilling head, the
drill bit needs to withstand both the static conditions and the
shocks from contact with the rocks. New materials are being
tested for their improved performance [62]. Speciality
cements are already in use to reinforce the well walls and to
seal them against water intrusion. Under the extreme
conditions encountered and given the long exploitation times
required, cement ageing is a key problem, studied for
instance by electron microscopy and molecular spectroscopy
[63]. Understanding transformation mechanisms under
extreme conditions is thus another area in which synchrotron
radiation studies can help to determine the factors limiting
materials performance and in suggesting where the
improvements could be made.
2.4 Transport
Pipelines increasingly transport complex mixtures of fluids
(oil, water, gas and sand) from the prevailing high

200 µm

100 µm

Figure 5
Electron cryo-micrography (left) and X-ray microtomography (right) images of fluids in porous media (Courtesy E. Rosenberg). Cryomicroscopy shows the detailed distribution of oil (black) and water (grey) in a cross section of limestone (white). X-ray microtomography
has lower spatial resolution but allows a 3D view (here of water trapped by non-wetting silica beads).
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temperature and high-pressure conditions of reservoirs
through, for example, seabed networks. Interruptions to flow
may cause cooling of the fluid to seabed temperatures and
the resulting crystallisation of hydrates or aggregation of
asphaltenes (or other organic components) can lead to pipe
blockages. This is another area in which it is essential to
identify hydrate formation conditions, as well as to study the
effects of hydrate inhibitors [64]. Asphaltene association can
be studied by light or X-ray scattering and, in a nuclear
research centre, by neutron scattering [65]. Small angle X-ray
scattering in particular can give information on the size and
form of aggregates. Using the high intensities and rapid
acquisition times available with synchrotron radiation can
help in establishing kinetics of the process.
Work is also under way in developing solutions for
effective long-term insulation, involving for example the use
of phase change materials or of syntactic foams [66]. The
latter can be exposed to corroding seawater, so that knowledge of the materials response to this type of environment
over long periods is essential to flow assurance. Post-mortem
investigations reveal some information on the processes
involved, but recent studies using synchrotron radiation
microtomography to study foam structures [67] promise to
provide more directly interpretable data.
Emulsion transport of heavy oils has been proposed as an
option to decrease transport costs [68]. The formation and
stability of these emulsions, as well as procedures to break up
the emulsions after delivery, need to be studied both by
rheological methodologies and by small angle scattering.
Although microscopy and laboratory SAXS methods have
been available for some time and provide useful information
[69], small angle neutron scattering in deuterated solvents
can improve the contrast [70] and synchrotron radiation

C1-BT

studies allow kinetic data to be obtained both by SAXS and
transmission X-ray imaging [71].
Transport and storage of natural gas and refined products
in pipes and reservoirs also present materials problems. With
increasing concerns for environmental protection, diffusion
through containers must be prevented. Nanostructured
polymer-clay composites are good candidates for a new
generation of low permeability materials but structural and
textural information must be obtained and correlated to
resulting properties. For the moment, much of this
information is obtained via electron microscopy, requiring
thin film sections to be made. X-ray microtomography
promises to provide information in a non-destructive manner
on the microtexture of these composites [72].
For the coming generations, transport and storage of
hydrogen may be as great, if not a greater problem than that
of organic fuels. Again, low permeability compounds need to
be developed for pipes and reservoirs. New lightweight
materials need to be developed to contain hydrogen in a
compact manner if its use for transport is to be generalised.
The most promising systems are low molecular weight
reversible hydrides. Hydride formation can be followed by
laboratory and synchrotron XRD and by neutron diffraction
[73] and modern facilities have a key role to play in
following the formation kinetics and the subsequent phase
changes due to “charging-discharging” cycles.
2.5 Refining and Petrochemistry
Crude oil is a complex mixture of many hydrocarbons, and it
is the detailed local environment of the carbon atoms that
determines the reactivity of these organic compounds. Gas
chromatography and mass spectroscopy are therefore here
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Figure 6
Studies of sulphur environments in petroleum cuts by gas chromatography (a) and X-ray absorption (b). In the former, dibenzothiophene
(DBT) and its alkyl derivatives are identified individually in a liquid cut. In the latter, an asphaltene deposit (solid line) is compared to polyaromatic reference compounds (dashed lines).
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again the main techniques. One opportunity for element
specific synchrotron radiation techniques is in studying the
hetero-elements in the heavier oils [74], where molecular
identification is difficult. XANES has been able to provide
clues as to the local co-ordination of S, N, Ni and V.
Elimination of these elements in refining is of major
environmental importance. Figure 6 illustrates the detailed
analysis of low molecular weight sulphur compounds
obtained by gas chromatography with a sulphur specific
detector [75] and the information available from X-ray
absorption-the latter is less detailed but can be obtained on
solid heavy oil deposits.
Catalysts and zeolites are largely covered in this issue.
They are "prototype" nanomaterials, having been made by
controlled chemical interactions before the current interest for
designer nanomaterials gained ground. The evaluation of
catalysts depends still to a great extent on model reactions:
even with today’s enormous range of investigation techniques, quantitative structure-reactivity relationships are
difficult to establish. Recent progress in molecular modelling,
helping to correlate atomic scale description and macroscopic
reactivity, provides hope that such relationships might be
achieved in the near future [76].
The supports of heterogeneous catalysts are important
players in refining and petrochemistry, providing large
surface areas to disperse the active phase as well as porosity
to allow reactants to diffuse to, and products to diffuse from,
the active sites. To achieve large surface area, supports are
typically made from poorly crystallised oxides. This lack of
organisation, coupled with the fact that low atomic number
oxides such as alumina or silica are the most common, means
that molecular spectroscopy techniques (NMR and IR) are
the most frequently used to obtain details of the local
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environment [77]. In many cases of supported metal catalysts
these techniques can be complementary. Figure 7 compares
spectra of cobalt/SiO2 Fischer-Tropsch catalysts after reduction and after contact with water (a by-product of the FischerTropsch reaction). X-ray absorption provides bulk information showing a tendency to form a local structure similar to
cobalt silicate. Infrared spectroscopy of absorbed CO
molecules, IR(CO), shows that new surface sites are formed,
due to isolated cobalt atoms. The combined information
gives a clear picture of the structural changes: insertion of Co
atoms into the surface layer of the silica support.
Zeolites are a case apart: used both as supports and as acid
catalysts in their own right, their large internal surface area as
a result of long range order which can easily be studied by
XRD. The acid function is however again a result of local Al
and Si co-ordination. Laboratory techniques such as NMR
and IR are most often employed in these studies [78].
In the field of supported catalysts, laboratory and
synchrotron radiation methods have achieved important
synergy in identifying structural and electronic characteristics. In heterogeneous catalysis, laboratory structural
studies by electron microscopy and X-ray diffraction reveal
information on the structure of solids containing short and
long range order respectively [79]. The complex nature of
modern catalysts, containing several phases acting either as
active catalyst components or as support (or contributing
to both simultaneously) can render investigation of the
supported phase (often a highly divided precious metal or
alloy) difficult, due to superposition of information from the
different structures present. These studies are clearly aided by
element specific synchrotron radiation techniques such as
EXAFS [80] and both small-angle [81] and large-angle [82]
anomalous X-ray scattering. The electronic information
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Figure 7
Co/SiO2 Fischer-Tropsch catalysts in reduced and redispersed states. X-ray absorption (a) shows a progression towards cobalt silicate type
structure on redispersion whereas IR spectroscopy of adsorbed CO (b) reveals the formation of isolated Co atoms.
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provided under vacuum in the laboratory by XPS can be
enriched by in situ studies using synchrotron radiation: both
by the well-established near edge spectroscopy and by the
developing high-energy XPS technique [83]. In addition,
near edge spectroscopy can be applied to homogeneous
catalysis systems to follow changes in the configuration of
the metallic centre [84].
For zeolites used in petrochemical applications, such as
isomer separation, details of the structure, in particular on the
exact positions of the cations and their interaction with
organic molecules, are of prime importance. Laboratory
XRD is able to provide sufficient information to locate a
single type of cation but for more complex solids synchrotron
radiation anomalous XRD is required (see article by
C. Pichon et al. in this issue). Location of the organic
molecules can be more easily achieved with neutron
diffraction. NMR and inelastic neutron scattering can
provide, each on its own time scale, information at the scale
of the atomic cage on the diffusion of molecules (see article
by H. Jobic and A. Méthivier in this issue). Once again,
molecular modelling can provide a key link between this
atomic scale description and the performance of the solids.
2.6 CO2 Sequestration
Reducing the environmental impact of industrial activity is a
major challenge to modern society in which the petroleum
industry is a key player. In addition to the production of
cleaner, low carbon fuels, capturing the carbon dioxide
produced during fuel use can reduce the impact on the
atmosphere. Underground sequestering of CO2 in depleted
wells is one option that needs to be considered, but predicting
the fate of the sequestered gas involves studies of gas-waterrock interactions in reservoir conditions. The same is true for
prediction of the behaviour of the cement seals used to close
wells into which the gases will be injected. Laboratory
studies using XRD or electron microscopy, for instance of
phase transitions and precipitation, can once again be
complemented by in situ synchrotron radiation XRD and
microtomography [85].

CONCLUSION
For almost 60 years, synchrotron facilities have been
providing high quality analytical tools for many scientists in
various fields of activities. With research nuclear reactors,
they from the group of shared scientific tools known as
“large instrument facilities”.
Considered at the beginning as a parasitic phenomenon,
synchrotron radiation is, at present, one of the most important
sources of photons. The main reason for this evolution is the
exceptional properties of the synchrotron radiation as both a
brilliant and an energy tuneable source of photons.

With the rise of third-generation synchrotron facilities,
some extreme experiments become possible. The field of
possible applications is quickly growing and matches more
and more often with the requirements and challenges of
various scientific and industrial fields of activity.
Materials challenges in the oil industry have become more
critical as “high technology oil” is replacing conventional
crude sources and environmental concerns take the centre
stage. From exploration through refining to CO2 storage,
numerous research challenges have to be met, in which the
information from large instrument facilities is an important
contribution to the solutions.
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