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INTRODUCTION

The two years covered by this report have seen an unprecedented
increase in the number of papers which have been published using
data collected at SNBL. A total of well over two hundred peer-
reviewed publications are listed in this report for the period 2009-
2010. We have also recently passed the milestone of one thousand
papers published since the beginning of operation of the Swiss-
Norwegian beamline. The management of SNBL would like to take
this opportunity to thank our staff for all their efforts over the years,
and to congratulate our user community for their extraordinary level
of scientific output. The successful mix of scientific techniques
available on the Swiss-Norwegian beamline has made SNBL into
one of the most productive beamlines at the ESRF.

Following the signing some years ago of a Memorandum of
Understanding (MoU) with the Dutch-Belgian beamline at the ESRF,
we are pleased to announce that a further collaboration agreement
has been established between SNBL and MaxLab. The new MoU
regulates the technical, scientific and administrative areas to be
covered by this collaboration, including the exchange of in-house
research beamtime, the possibilities of staff exchanges and visits
between the two institutes, and the development of new equipment
which may be of common interest. SNBL has already been host to
visiting scientists from MaxLab, and we look forward to continuing
this fruitful collaboration.

After the extensive upgrade of the infrastructure of the beamline
during 2007 and 2008, the last two years has been both a time of
consolidation for SNBL and also of preparation for some major new
investments. In line with the recommendations of the Committee of
the Future presented in November 2008, the management of SNBL
has put forward a roadmap for investment in new detectors for
diffraction experiments and in improving the optics for EXAFS.
Grant requests totaling about €1M for a new large area detector and
associated equipment have been submitted to the Swiss National
Science Foundation and to the Norwegian Research Council. The
Swiss NSF has already reacted favorably, and the result of the
grant request to the NRC is still pending. The SNX Council has also
approved spending on a new CCD detector for the KM6
diffractometer, and investment will shortly begin on new optics for
the EXAFS. The management and staff of SNBL are firmly
committed to maintain and improve the scientific capabilities of the
beamline, and we are grateful both to our national research
agencies and to the SNX Council for their continuing support and
for the provision of the necessary financial resources.

V. DMITRIEV, P. PATTISON, H. EMERICH






HIGHLIGHTS

%SEIENTIFI(

Structure and properties of single crystals of

high-pressure boron

Boron is an unusual element. Its three
valence electrons are too localised to
make it metallic but insufficient in
number to form a simple covalent
structure. As a compromise, boron
atoms form quasimolecular By
icosahedra that become building
blocks of boron and boron-rich
crystalline phases. Only
a-rhombohedral and f-rhombohedral
boron, obtained at ambient pressure,
are established as pure boron
crystalline forms. The high-pressure
behaviour of boron is of considerable
interest in physics and materials
science. Qur investigations of
superconducting palyerystalline boron-
doped diamonds [1] revealed boron
segregation in an intergranular space
that may influence the

mechanism of

superconductivity.

Fig. 59: Single crystals of the
arthorhombic high-pressure boron

phase

Many of the fundamental questions
regarding the solid-state chemistry of
boron are still unanswered. Synthesis
of single-phase products in
macroscopic quantities and in the form
of single crystals remains one of the
great challenges of boron chemistry [2].
Using a large volume press, at 20 GPa
and 1700 K, we have grown single
crystals of a high-pressure high-
temperature orthorhombic Bog boron
phase for the first time. The crystals
appeared to have a dark-red colour and
an elongated prismatic shape (Figure 59).
We confirmed the purity of the crystals
by chemical analysis, collected single-
crystal X-ray diffraction data (BMO1),
then solved and refined the crystal
structure. There is remarkable
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Focus on: nature and energy

HIGHLIGHTS

Fuelling nature to pr

Transportation fuels that
reduce emissions are a
promising answer to our
polluted world. Despite

its discovery in the 1920s,
Fischer-Tropsch catalysis may
well be a good candidate for
a cleaner future. Colourless,
odourless and low in
toxicity, Fischer-Tropsch-
based diesel fuel reduces
sulphur, nitrogen oxide and
carbon monoxide emissions
compared to regular diesel,
and it does not require
engine modifications in
vehicles for its use.

Hydracarbons, such as crude oils, bitumen
and natural gas, arestill available in nature,
so Fischer-Tropsch (FT) synthesis has only
been partially popular since its discovery
backin 1925. In certain moments in history
it became relevant when there was a lack of
easily available crude oil: during World War Il
its use was mostly military, later, the cil crisis
in the 1970s led to some recovery of interest
in FT. Today, the fact that natural liquid
hydrocarbans are becoming less abundant,
not easily accessible and containing more
impurities, such as sulphur, nitrogen and
metals, and that there is an increasing demand
for amore sustainable society, has put FT back
in the limelight.

FT technology converts natural gas,
coal or biomass to clean-burning fuel or
hydrocarbons. In a first step, these resources
are converted to synthesis gas, inshort
syngas (mixtures of carbon monoxide and
hydrogen). Then the syngas reacts on a cobalt
or iron catalyst to yield hydrocarbonsin a
kind of polymerisation process, leading to
mainly long-chain hydrocarbons or waxes
These are often broken up again in diesel fuel
maolecules.

Cobalt catalysts are considered the most
effective for the synthesis of long-chain
hydrocarbons. These catalysts are optimised

12
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for conversion of stochiometric syngas
mixtures, mainly coming from the natural gas.
Cn the other hand, iron-based FT catalysts are
normally used for the conversion of synthesis
gas from coal and they are promising catalysts
for the conversion of biomass as they possess
water-gas shift properties (i.e. altering
the hydrogen to carbon monoxide ratio in
synthesis gas). At the ESRF, users study both
types of catalysts

Scientists are trying to find out what
happens during the FT reaction and with this
knowledge they wish to design more active
and stable catalyst materials. The deactivation
of aFT catalyst results in a gradual decreasein
the FT reaction rate, There are many passible
reasons for the FT deactivation, such as
reoxidation of active sites, sintering, catalyst
poisoning from impurities in the syngas
feed, polymeric surface carbon formation or
surface metal-support compound formation
(Tsakoumis et al. 2010). FT catalysts operate in
multiphase medium and at higher pressures
and temperatures. Not solong ago, the
only way to study these catalyst systems
was through ex situ methods of catalyst
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characterisation. These are not reliable
duetothe changes that the structure can
undergo when withdrawn from the reactor.
For example, cobalt metal particles can be
reoxidised when exposed to air.

Using synchrotron methods and with
aproper sample environment where the
reaction conditions can be reproduced
(i.e. high temperature, syngas reaction
environment and preferably high pressures),
scientists can now perform a directin situ
or operando characterisation of a catalystin
FT reactions. The wide array of technigues
allows scientists to get information on
different aspects of catalysis structure,
such as the nature of crystalline phases,
sizes of metal and oxide nanoparticles
(X-ray diffraction) or the oxidation state of
the atoms surrounding the catalyst (X-ray
absorption fine structure spectroscopy or
XAFS). Where possible, these synchrotron-
based techniques are directly combined with
more conventional methods, such as Raman
spectroscopy.

At the Swiss Norwegian Beamline (SNBL-
BM1), scientists have tested cobalt catalysts

lune 2010 & ESRFnews



HIGHLIGHTS

ovide cleaner energy

aver several years, The teamn at SNBL have
built an jn situ cell and set up in collaboration
with the Norwegian University of Science and
Technology (NTNU) in Trandheim. In the cell,
they include a small catalyst and a reaction
mixture and observe the state of catalyst
under industrial conditions. According

to Olga Safonova, scientist at BM1: “This
sample environment allows reproducing the
experimental conditions (high pressure up
to 20 bar, high temperature, space velocity
of syngas, and FT reaction rates) close to

the ones used in industry. The set-up is
suitable to perform structural studies on
working FT catalysts using X-ray diffraction,
X-ray absorption spectroscopy, and Raman
spectroscopy.”

A team from the University of Lille recently
carried cut experiments an an alumina-
supported cobalt catalyst using X-ray
diffraction. The resultsshowed that ata
pressure of 20 bar and a temperature of
220°C, i.e. industrially relevant conditions,
cobalt sintering took place during three to
five hours of reaction. After eight hours of
experiment, the cobalt would transform into

lune 2000 @ ESRFnews
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cobalt carbide, These two processes provoked
the deactivation of the FT reaction on their
sample (Karacaetal 2010).

In similar conditions, the team from
the Norwegian University of Science and
Technology carried out experiments using
X-ray diffraction and X-ray absorption near
edge structure (XANES) to reveal information
about cobalt-based FT catalyst promoted
with rhenium. Small amounts of noble metals
like rhenium are added to FT synthesis in
order toimprove it. In the case of rhenium,
itincreases dispersion of the catalysis. This
time the scientists studied the changes in
the cobalt crystallites during FT synthesis in
two different conditions: first, at FT synthesis
conditions (483 K, 18 bar and low gas hourly
space velocity) no significant changes in the
cobalt crystallites was observed during the
first hours of reaction. Cobalt carbide was
not formed in these conditions. Running
the reaction at higher temperatures and
predominantly methanation conditions led
tosignificant sintering of the cobalt particles
and a further reduction of a partially reduced
catalyst. This demonstrates how sensitive this
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complex reaction is to the employed reaction
conditions (Ronning et al. 2009).

Iron-based catalysts have similar
mechanisms to the cobalt ones. They consist
of a precipitated iron oxide phase to which
elements are added to improve the catalyst
pracess. Scientists from the University
of Utrecht (the Netherlands) went to the
DUBBLE beamline (BM26) to measure the
reaction process in different iron-based
FT systems, including different amounts
of additives. Typical so-called promoters
are copper, potassium andsilicon dioxide,
The latter is added to disperse iron phases
and to prevent sintering and attrition of
the active catalyst, copper improves the
reducibility of the catalyst and potassium is
used to improve the selectivity of the catalyst
towards longer hydrocarbon chains. The
teamn combined XAFS and WAXS technigues
to get complementary information. WAXS
showed crystalline phases to be present after
activation and during FT synthesis, and XAFS
analysis suggested that for some catalysts,
the majority of iron was present in amorphous
phases, which were harder to detect by WAXS
(de Smit et a/. 2009)

Industrial use

This type of research might seermvery
fundamental, but FT technelogy is already
being used inseveral pilot and large
commercial refineries all over the world (South
Africa, Malaysia, Qatar, China) and most of
the work done at the ESRF is somehow linked
to industrial uses: names like Shell, Total or
Statoil often appear in the scientific results
The probable worldwide leader in FT research,
though, is Sasol, a South African company
that has been making energy this way since
1950. Sasol has made the most of the coal
mines in South Africa and it extracts nearly 50
million tens of coal annually,

Researchers from SASCL have already
visited ID31 twice trying to find the structure
of a carbide generally considered responsible
for the FT activity in iron-based FT systems.
The second time, they brought with them a
reaction chamber at 20 bar that could reach
up to 300°C, in order to reproduce the exact
conditions in industry.

M Capellas
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TECHNICAL REPORTS

Energy Research at the ESRF

Edited by GARY ADMANS AND ANDY FITCH
European Synchrotron Radiation Facility, Grenoble, France

The modern world consumes ever increasing amounts of energy to
sustain human numbers and contemporary lifestyles. Research and
development of energy supplies and their exploitation are consequently
topics of major economie, political and scientific importance. Moreover
it is clear that current reserves of energy, predominantly fossil fuels, are
limited, and there is widespread apprehension about the climatic effects
of returning large amounts of carbon dioxide and other green-house
gases to the atmosphere. Thus there is a degree of urgency to such stud-
ies. Energy systems are often of a complex nature. Development of new
energy sources and improving the efficiency and exploitation of exist-
ing systems require detailed understanding of both structure and behav-
iour at the fundamental microscopic level, an area where the powerful
X-ray beams of a synchrotron radiation source can play a major role.
Thus energy research has become a theme of great scientific and practi-
cal importance at institutes such as the ESRF, which serves the scien-
tific priorities of the research communities of its member countries.

In this report we present a few examples of recent research, a subset
of the many other studies carried out on ESRF beamlines by users of the
facility. Topies illustrated include nuclear energy, where X-rays help
make current nuclear technology safer and cleaner, while preparing the
groundwork for future generations of fusion reactors. Making the most of
existing resources is another challenge. How do we make good use of the
dwindling supplies of oil, and how best to convert sustainable biomass
into fuel for transportation? Solar cell technology improves continuously.
X-ray studies are used to characterize silicon wafers, to help optimize
their manufacture and make them more reliable, and for fundamental
studies of new solar-energy materials. Technologies based on hydrogen
also show promise, but there are constraints to be overcome in storing and
using this fuel. X-ray studies provide insight into the conditions at the
center of a working fuel cell and help develop new components.

Imaging, diffraction, and spectroscopy allow detailed investigation
of the structure of materials and their behavior while processed in sifu.
The variety of sample environments at beamlines is one key to the
diversity of research. Specific reaction chambers mimicking industrial
plants make possible in operando studies allowing scientific insight at
the heart of a reaction process. These are some of the features of modern
synchrotron research that enhance today’s energy research and technology
for a cleaner and more productive future.

**k*k

SNBL 2009-10
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Fischer-Tropsch synthesis is a key step in the production of fuel or
chemicals from carbon sources alternative to crude oil, such as gas, coal
or biomass. Commercial plants employing this process typically con-
vert natural gas to high-quality diesel. The reaction involves the cata-
lytic conversion of syngas, a mixture of carbon monoxide and
hydrogen, into long-chain hydrocarbons. The catalyst is usually iron or
cobalt and reaction conditions involve high temperatures and pressures.
Although well proven and used on a very large scale, the industrial pro-
cess does have complications such as gradual deactivation of catalysts.
Research at ESRF beamlines has provided insight into this reaction
in situ, using reaction cells designed to mimic industrial reactors. At
ESRF CRG beamline BM01 (SNBL), the structure—activity relations
for alumina-supported cobalt catalysts were studied under realistic con-
ditions using time-resolved X-ray diffraction and catalytic measure-
ments [7]. Two processes for deactivation of the catalyst were
witnessed, sintering of the cobalt and carbidization. Further information
was gained in a study whereby XANES was used to confirm the oxida-
tion state of the cobalt species under similar reaction conditions [8]. On
ESRF CRG beamline BM26 (DUBBLE). another team of researchers
has been investigating iron-based catalysts, which are promising for
biomass conversion [9]. They used in situ XAFS and WAXS to look at
the iron species present in the reaction for supported and unsupported
catalysts. They also found suitable pre-treatment conditions for the
catalyst that gave higher reactivity in the catalytic synthesis. These

Vol. 23, No. 4, 2010, SYNCHROTRON RADIATION NEWS

7. H. Karaca, J. Hong., P. Fongarland, P. Roussel, A. Grboval-Constant,
M. Lacroix, K. Hortmann, O V_ Safonova and A Y. Khodakov, Chem. Com-
mun. 46, 788-790 (2010)

8. M. Renning , N.E. Tsakoumis, A. Voronov, R.E. Johnsen, P. Norby, W. van
Beek. @ Borg, E. Rytter. A Holmen. Caralysis Today, in press
doi:10.1016/j.catted.2009.10.010.

Hydrogen and gas storage

Hydrogen is a clean fuel alternative for transportation via combus-
tion or generation of electrical energy in fuel cells. Under investigation
at synchrotron sources are materials capable of storing this gas so that it
can be used away from the site of production in a safe manner — not an
easy task given the volatile nature of hydrogen gas.

Light-weight hydrides are seen as future hydrogen storage materials:
they have high hydrogen capacity and some desorb hydrogen reversibly.
Diffraction studies of structures and transformations lead to an under-
standing of the solid state chemistry and properties of such hydrides.

Studies based on pressure and temperature changes can reveal new
polymorphs of a hydride and their structural evolution. X-ray powder
diffraction, high-pressure techniques utilizing diamond anvil cells, DFT
calculations and a symmetry-based analysis were used with ESRF CRG
beamline BMO01 (SNBL) to study the NH;BH, and M(BH,), systems.
Directional iono-covalent M . . . BH, and dihydrogen N-H . . . H-B bonding
were revealed [15,16]. Understanding the structure makes it possible to
design new hydrides with better thermodynamie stability. The tempera-
ture of hydrogen desorption could be reduced to a more favorable level
(80-100°C) in borohydrides containing a combination of alkali and
transition metals such as the Zn-based borohydrides, e.g. MZn,(BH,)5
(M = Li, Na) [17] (see Figure 6). Other chemical derivatives were

SNBL 2009-10

13



14

HIGHLIGHTS

Figure 6: Crystal structure of LiZny(BHys. The doubly interpenetrating

3D framenwork is shown in blue and réd (image courtesy of Y. Filinchuk [17]).
prepared by solid-state synthesis and their stability and decomposition
reaction pathways studied by in situ powder diffraction. The most
recent novel compositions included bimetallic MSe(BH,), (M = Li,
Na. K) [18]. LiyAl;(BH,),;. transition metal borohydrides Y(BH,),.
Mn(BH,),. and mixed-anion Li(BH,,Cl) and KZn(BH,)Cl,.

The optimization of materials under realistic conditions was also
investigated using in situ powder diffraction. The kineties and thermo-
dynamiecs of parallel reactions, hydrogen cycle stability of wvarious
Mg-based systems, including Mg-La [19]. Mg-Fe-Co [20] and Mg-V,
have been studied. The reversibility of borohydride-based composites
with high hydrogen content has also been demonstrated.

SYNCHROTRON RaDpIation News, Vol. 23, No. 4, 2010

15. Y. Filinchuk. A H. Nevidomskyy, D. Chernyshov, V. Dmitriev, Phys. Rev.
B 79, 214111 (2009).

16. Y. Filinchuk, D. Chernyshov, V. Dmitniev, Z. Kristallogr 223, 649 (2008);
see also the 2010 update in arX1v:1003 5378,

17. D. Ravnsbzk. Y. Filinchuk., Y. Cerenius, H.J. Jakobsen, F. Besenbacher,
J. Skibsted. T.R. Jensen, Angew. Chem. Int. Ed. 48. 6639 (2009).

18 R Cemj?, G. Severa. D. Ravnsbak. Y. Filinchuk. V. D" Anna. H. Hagemann,
D. Haase, C. Jensen, T. Jensen, J. Phiys. Chem. C 114, 1357 (2010).

19. R.V. Denys, A A. Poletaev. LK. Solberg, B.P. Tarasov. V.A. Yartys, dcta
Mater. 58, 2510 (2010).
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