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General Remarks

The year 2020 is the seventeenth year of the SNX Foundation.

The accounting is supervised by OPTIMA COMPTA, in Seyssinet-Pariset, in Isére, for the two French
associations, and by BfB Fidam Fiduciaire in Renens VD for the SNX Foundation. AUDICT FIDUCIAIRE in
Lausanne audits the accounts.

These legal frameworks contribute to the fruitful scientific collaborations and successful research
performed at the Swiss Norwegian Beam Lines at ESRF.

The activities of the SNX Foundation are carried out at the European Synchrotron Radiation Facility
(ESRF) in Grenoble and comprise the operation and up-grade of two beam line branches, called the
Swiss-Norwegian Beam Lines (SNBL).



Introduction

This report covers the 2020 period. After the impressive and successful startup of the new ESRF- Extremely
Brilliant Source (EBS) in 2019, the imposed lockdown by the French government in spring 2020 severely
disrupted the ESRF-EBS restart planning. Remarkably, regardless the delays due to the global pandemic
all SNBL objectives have been reached in 2020. The ESRF has indeed re-started its new EBS in 2020 and
opened it up for the beamlines. The SNBL has been preparing since 2017 for this following a plan outlined
in the “SNBL 2019-2020 and beyond” document. This document was supported by the Swiss and
Norwegian users, their respective steering committees and approved by the SNX Council. This document
was sent out by the Paul Scherrer Institute (PSI) for international review and received excellent
evaluations. The ESRF beamline review panel composed by international experts strongly endorsed the
project in 2019. The document was also handed over in 2018 to the funding agencies in both Norway and
Switzerland (Research Council of Norway (RCN) and State Secretariat for Education research and
Innovation (SERI)). For 2020 this plan incorporates the completion of the phase 1 installation works, the
commissioning with EBS and the restart of the user program.

1) Allinstallation works on both beamlines were indeed finished in time for the EBS restart

2) Both beamlines were successfully fully commissioned with the new ESRF EBS source and all design
parameters were reached. The now proven astounding performances in terms of accuracy,
precision, reproducibility and stability of the beamlines are according to phase 1 specifications.

3) The user program was successfully and reliably restarted on both beamlines

4) Moreover, the year was finished with an all-time record of 142 publications using SNBL data,
including one in Science and one Nature. 10% of SNBL publications has an impact factor above 10
and 45% above 4.

From the organizational perspective, we highlight that SNBL has made a smooth transition into a new
contract period between the Ecole polytechnique fédérale de Lausanne - EPFL (new Swiss partner) and
the Norwegian University of Science and Technology — NTNU (continuous Norwegian partner) to
successfully serve its user base in 2021. Moreover, SNBL is ready to implement the phase 2 upgrades for
which funding has been received from the Research Council of Norway and the Swiss National Science
Foundation (R’equip grant 206021_189629).
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PROBING CATALYST ACTIVE SITES DURING CARBON
DIOXIDE HYDROGENATION TO METHANOL

The use of carbon dioxide instead of carbon monoxide for the synthesis of methanol, which is one of the most
important reactants in the chemical industry, is receiving great academic and industrial attention. Here, carbon
dioxide hydrogenation mechanisms and copper-zinc active phases are revisited using high-pressure operando

XAS and 55ITKA-FTIR techniques.

Chemical valorisation of carbon dicxide via
thermo-catalytic hydrogenation into methanol,
which is one of the moest important basic
molecules of the chemical industry used for
the synthesis of plastics, soluents and fuels,
is currently receiving great attention dug to
the increased global energy demand and the
need to decrease the carbon footprint on the
environment. For this process, a commereial
copper-zinc-alumina {CZA) catalyst possessing
high activity is commonly studied. The copper-
zinc oxide is g unigue system and prototype
heterageneous material, which has  been
actively investigated for decades [1-3]. Despite
these effarts, driven by both academia and
industry,  structure-performance  relations
remain elusive, Multiple research groups ascribe
the active sites ta completely different chemical
and structural centres, which triggers a debate
about the role of copper-zing alloy [G=5]. Maost
studies are based on experiments under ex-sity
and fn-sity eonditions (typically vacuum and
low temnperature) that are for away from the
renl catalytic experiment (=15 bar; 513-553 K).

Hence, even a simple comparison  and
systernatisation of the existing experimental
data is a rather complicated challenge.

To address this challenge., operando
choracterisation of the catalyst and the process
under relevant cotalytic conditions of carbon
diowide hydrogenation was performed. Using a
state-of-the-art steady-state isctope labeling
experiment coupled with infrored spectroscopy
(SSITKA-FTIR), together with time-resolued X-ray
absorption spectroscopy (XAS), X-ray diffraction
(XRD) measured ot beamline BM31, and ob-
initio modelling, it was possible to identify the
reaction intermediates, the pathways of their
formation, ond transformations of the active
sites in the copper-zinc oxide cotalust,

Bu wvarying the reduction temperature and
partial pressures of hydrogen and corbon dioxide
during pre-treatment steps, it was possible
te tune the content of copper-zine alley in the
cotalyst, CZA materials, containing significantly
different amounts of reduced zine, possess
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STRUCTUME OF MATERIALS

virtually identical catalyst aetivity, suggesting
that no correlation exists between the observed
methancl productivity and the amount of
copper-zine  alley in the system. During
transient experiments by switching different gos
compositions (from hydrogen to CO,/H, mixture
and bock), it was found thot copper-zine alloy,
which for a long time was considered the active
site for methanol synthesis, is only stable under
a highly reductive atmosphere (Figure 121).
However, in the presence of carbon dioxide, this
phase undergoes oxidation with the farmation
of zinc oxide and zinc formate. Combining this
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Thie unique interplay between copper
ond zing during cotolytic corban dicxide
hydrogenation to methanol,

M. Zabilskiy {a], W L. Sushkevich (a),

[1] M. Behrans ef al., Srence 336, 393-B97 (2012),
[2] 5. Kuld or al, Science 352, 969-974 (20716

[3] 5. Kottel et al., Science 358, 1296-1299 (2017).
[4] 1. Mokamura &t al., Science 357, eaand074 (20017).
[5]%. kattel et al, Science 357, eaanB210 (2017}

D. Palagin {a), M.A. Newton (b)),
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doi.org/ 10, 1038/541467-020-16342-1

finding with results obtained from the time-
resolved isotope labeling experiment coupled
with infrared spectroscaopy, it was revealed that
carbon  dioxide hydrogenation to methanol
gccurs wia a zinc formate intermediote route,

Ultimately, the role of copper-zine alloy
formation and its decomposition in forming the
active interfoce represents a novel paradigm
in this much-researched system. It can be
considered as an exemplar madel for structural
changes in multicomponent materials and
cotalysts that ocour during reaction,

(a) Paul Scherrer institute, Willigen

(b} fnstitute for Chemical and
Bioengineering, ETH Zurich (Switzeriand)

DEGRADATION OF LaFe,_Pd,0,,, PEROVSKITE-TYPE
OXIDES IN BASIFIED AQUEOUS ETHANOL

Materials used for the generation of energy and chemical products often have to function in solvents that contain
other chemicals. Here, an aqueous ethanol solvent, when combined with a base, causes a variety of degradative
changes to a perovskite catalyst under mild conditions and even before anu catalytic chemistry is considered.

Perowskites are a much-researched class of
materials for areas including catalysis [11,
electro-catalysis [2] ond solor applications
[3]. Often, in these applications, they may be
required to operate in contact with a Nguid
af non-neutral pH, For instance, in carban-
carbon coupling catalysis, where perovskite-
tupe oxides have been shown to be active and
selective materigls [4], basic compounds are
requirsd to be present in excess. Moreover, the
pharmaceutical industry, where carbon-carbon

coupling catalysis is an essential foundation,
has formulated guides regarding preferred
solvent sustems; among which are mixtures
of primary alcchols and water [5]. There is
significant  interest in  understanding  how
some of these selvents, and the adjuncts that
must ke added to them to facilitate the desired
chemistry, interact with catalutic materials, in
the current case a Lafe, Pd O, . (wherex =01}
perovskite-type oxide,

3kh



Fig. 124: a} & schematic description
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To follow the behawiour of the Pd component of
this materialin both time and space (axially along
the catalyst bed), a single pass plug-flow reactor
wos used ot BM31. Figure 12&a schematically
illustrates the experiment. The sample bed is
heated ta 353 K under the solvent flow while Pd
K-edge XAS is continuously collected at 10 axial
locations along the 5 mm-leng bed, building up
axial maps of the Pd speciation. Figure 12&4b
shows tupical Pd K-edge spectra thot reveal
two significant aspects of the behaviour of
Pd occurring only in the presence of the bose
{K,C05).

Pd K-edge XAS shows that the Pd, which initigliy
resides in an oxidised form within the perouskite-
type material, is subject to a segregative
reduction to uield Pd? nanoparticles at 353 K.
Howevwer, since the magnitude of the Pd K-edge
Jump itself also decreases along with reduction,
some Pd is also mebilised, As Figure 12he
shows, this accurs to wvarying deagrees within
the catalyst bed. Towards the reactor inlet, Pd is
mast efficiently stripped, whereas at the outlet,
the intensity of the edge jump grows slightly.
This shows that re-deposition also occurs along

1148 253 35 4 45 4
QA

Energy (kel)

the axial dimension, alongside the processes
that cause Pd solubilisation and transport. In the
absence of the base, none of these changes in
the noture of Pd are observed to ocour,

Pd K-edge XAS, however, cannot elucidate what
may be happening in the rest of the moterial.
Therefore, ex-sity high-energy X-ray scattering
on ID15A and Nuorescence Fe K-edge XANES on
BM28 was performed to investigate the other
major components of the perouskite sample.
Fe K-edge XAMNES (Figure 124e) shows that,
oglong with the reduction and solubilisation
of Pd, a significant proportion of Fe3* is also
reduced to Fe?*. The X-roy scattering data
[Figure 124d). from which Rietuveld refinement
and pair distribution functions (POF) may be
derived, further reveal the very significant effects
that the basified selvent has on the perovskite-
type oxide. In the presence of aquecus ethanel,
the pristine structure of the perouskite remains
intact (Figure 125). However, in the presence
of the base, this structure is Targely destroyed,
What remains is composed of a shell of
predominantly Fe,0,, upon which the Pd that
has not been salubilised remains in the form of
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Fig. 125: Schematic
description of how the Lafe, ,Pd.0;

LaFe, Pd O,cotalyst - -9, :
behaves as & result of EtOH/H,0 EtOH/H.0

| + 0.IMK,CO4
heating in aqueous P ¢ {ndee
ethanol and in basified i ' ]
han n "( 1
oqueous ethanol, as | [pa0
determined through the 93K L 353 <
combined use of Pd and 2 - .
Fe K-edge XAS and HXRD/ b R
PDF methaods.

No reaction Reduction and segregation

of Pd then leaching

Segregation and reduction
of Fe induced by K,CO,

reduced Pd nanoparticles, around a core of the
starting structure,

this type of functional materials cannot be
guaranteed inthe presence of some of the species
that are required under the typical operation
conditions of the material, for example, for
carbon-carban coupling chemistry.

In summary, the base can be a potent agent
for leaching of palladium and the integrity of

[ PRINCIPAL PUBLICATION AND AUTHORS

Pd-LaFeO, catalysts in aqueous ethanol

Pd reduction, leaching, and structural
transformations in the presence of ¢ base,
S. Checchia (a), C.J. Mulligan (b),

H. Emerich (a), |, Alxneit (c), F. Krumeich (d),

M. Di Michiel {a), P.B.J. Thompson (g),

K.K. Hii (b), D. Ferri (c) and M.A. Newton (d),
ACS Catal. 10, 3933-3944, (2020); https://
dot.org/10.1021 /acscatal 3004869,

(a) ESRF

(b} Department of Chemistry, Imperial
College London (UK}

(c) Paul Scheerer Institut, Villigen
(Switzerland)

(d) ETH Zurich (Switzeriand)
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SIMILAR STRUCTURAL TRANSITIONS MAY RESULT
IN DRASTICALLY DIFFERENT ELECTROCHEMICAL
SIGNATURES

The sedium deintercalation mechanism in two cathode materials for Ha-ion batteries with a close composition
(Nay, Mn WV, (PO}, x=0.8 and x = 1.0) was studied using operando synchrotron X-ray powder diffraction (SXRPD).
The study revealed how subtle variations in phase transformation behaviour result in drastically different
electrochemical patterns of battery materials.

by vanadium (W30 V= A5 and manganese
(M2 Mn3t, Mrd*/Mn**) at high operating
potentials in NASICON-type compounds makes

Ma-ion  batteries  haove  recently  regained
great interest due to several cost, safety, and
maintenance odvantoges as compared to

widely used Li-<ion ond lead-acid batteries.
Armong various cothode materials, NASICON-
type Ma VW, (PO, )5 exhibits extremely long cyclic
stability and an outstanding ability to operate
ot high (dis)charge rates, To improue the energy
density of Na V.(PO_), vanadium substitution
by chegper manganese was implemented. A
remmarkable diversity of redox couples attained

it feasible to utilise both transition metals in one
material to improve its cost-effectiveness,

It is essential that maonganese substitution
incrementally changes both  electrachermical
sighatures and the phase transformation
behaviour of Moy, Mn V. (PO,); materials. To
link electrochermical features with the phase
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Fig. 136: Exterior and design of the
electrochemical cell for operando X-ray

transformations in Nay, Mn \, (PO, ); samples,
operando high-resolution synchrotren X-ray
powder diffraction (SXRPD) experiments were
carried out at beamline BMO1 (. = 0.68987 A,
20 Detector Pilatus 2M, transmission mode)
using an electrochemical cell with sapphire

windows (Figure 136) [1].

Single-crystal  sapphire  X-ray  windows
provide excellent signal-to-noise rotio, proper
electrochemical contact because of the constant
pressure between the electrodes, and perfect
electrochemical stability at high potentials due to
the inert and non-conductive nature of sapphire.
The design of the cell allows the simultaneous
or sequential application of diffraction and
spectroscopic techniques. It is particulorly
important to mention that this cell design allows
for fluorescence detection at the outlet as well as
at the inlet side of the cell. Different materials
can be studied simultanecusly using periodically
repeating measurements with multiple cell-
positioning holders.

Two  Na,, MnV, (PO,); materials with
x = 0.8 and 1.0 were used in this study.

Metal washer

measurements [1]

Wawve spring

The electrochemical behaviour of these samples
is different (Figure 137a). Sodium extraction
from Na,MnV(PQ, ); preceeds via two stepsin the
2.5-3.8 V voltage window, with one sloping and
one flat plateau at =3.4 and 3.6 \, which implies
single-phase and biphasic deintercalation
mechanisms, respectively [2]. Contrarily,
the charging curve of Na, Mn, .V, (PO,), is
wholly sloped without evident signatures of
biphesic trensition. Operando SXRPD patterns
(Figure 137b), recorded during the charge
of both electrochemical cells, show that at
the beginning, Na* extraction from the initial
Na;, MnV, (PO,); leads to "NasMnV, (PO,),"
via reflection-shifting by a single-phase
mechanism, followed by a biphasic reaction
until the "Na,, MnV, (PO,)," composition is
reached at 3.8 V.

Utilisation of highly resolving synchrotron
radiation allows to clearly obserue that for the
case of x = 0.8 at approximately 50% state of
charge, the “NasMn, V. (PO,);" reflection
broadens. Concurrently, reflection of o new
“Na,Mn; .V, 5(PO,);" phase appears and shifts to
higher 26 angles until the "Na, ;Mn, 4V, .(PO,);"

Quter current
coll‘cctcr

Cathode/
anode/
separator

Inner current Single crystal
collector sapphire X-ray
windows
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composition 15 reached. Le Bail fitting indicates
an ongoing alteration of the unit cell parameters
of both phaoses present during the biphasic
domain on the charge of Naj Mn, gV, (PO, ),
to 3.8 V. which explains the sloped shape of
the E-x curve (Figures 137b-c). In the case
of NaMnV(PO,); both “NasMn\, (PO,)."
and “"Na,MnV,_ (PO,);" phases don't change
their 26 position, which is reflected in the flat
plateau at 3.6 V in accordance to the Gibbs
phase rule.

M PRINCIPAL PUBLICATION AND AUTHORS

Electrochemical Properties and Evolution of
the Phase Transformation Behavior in the
NASICON-type Na, Mn .V, (PO, ), (0sxs1)
Cathoedes for Na-ion batteries,

MM Zakharkin {a,b), O.A. Drozhzhin (g,b),
SV Ruazantsev (0,b), D. Chernushou (c,d),
M.A, Kirsanova {a), IV. Mikheev (b),

REFERENCES
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£.M. Pazhetnov {a), EV. Antipov (a,b) and
¥.), Stevenson (a), ). Power Sources 470,
1-8 (2020); https://dosorg/10.1016/)
jpowsour.2020.228231

(a) Skoikovo Institute of Science and
Tectinalogy, Moscow (Russia)

(b) Lomonoesoy Moscow State University,

Na,MnV(PO,);

Fig. 137: Similar structural
transitions may result in different
electrochemical signatures,

a) Electrochemicaol charge curves,
(b) transformations of the
selected region of SXRPD patterns,
and (¢) unit cell parameters of
Nay 5 Mng .V, (PO} (left) and
Na,_ MnV(PO,); {right) within
2.5-3.8 V voltage ranges
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Through operando SXRPD, rather wunusual
behaviour was observed for Na; gMn; oV, (PO,);
and Na,MnV(PO,), compositions, which
demonstrate almost identical phase
transformation behaviour but, at the same
time, show absolutely different types of voltage-
composition curves. These observations and the
results detailed herein illustrate the necessity of
operando synchrotron diffraction experiments,
since similar structural transitions may result in
the different macroscopic properties.

Moscow (Russia)

{c) ESRF

{d) Peter the Great St. Petersburg
Polytechinic University, Saint-Petersburg
{Russia)

[1) O.A Drozhzhin et a@l., 2. Synchrotron Rodiat. 25, 468-472 (2018).
[2] MV, Zakharkin et al, ACS Appl. Energy Mater. 1, 5842-5846 (2018),
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Scientific output Impact Factors

142 peer reviewed papers were published in 2020 containing data from SNBL. Two papers were published
in Science and Nature. 10% of the SNBL publications were published in journals with an impact factor
above 10 and 45% above impact factor 4. See below the full distribution of papers per journal in 2020 and
their impact factor.

Journal Impact Factor | Publications in 2020
CHEMICAL SOCIETY REVIEWS 42.846 1
NATURE 42.779 1
SCIENCE 41.846 1
JOURNAL OF THE AMERICAN CHEMICAL SOCIETY 14.612 1
ACS NANO 14.588 1
ANGEWANDTE CHEMIE-INTERNATIONAL EDITION 12.959 3
ACS CATALYSIS 12.35 4
NATURE COMMUNICATIONS 12.121 2
JOURNAL OF MATERIALS CHEMISTRY A 11.301 1
CHEMISTRY OF MATERIALS 9.567 6
GREEN CHEMISTRY 9.48 1
NPJ 2D MATERIALS AND APPLICATIONS 9.324 1
ACS APPLIED MATERIALS & INTERFACES 8.758 2
CEMENT AND CONCRETE RESEARCH 8.328 1
JOURNAL OF POWER SOURCES 8.247 1
NANO RESEARCH 8.183 1
ACTA MATERIALIA 7.656 2
NANOSCALE 6.895 3
FOOD CHEMISTRY 6.306 1
CHEMICAL COMMUNICATIONS 5.996 1
CATALYSIS TODAY 5.825 2
CATALYSIS SCIENCE & TECHNOLOGY 5.721 4
CHEMISTRY-A EUROPEAN JOURNAL 4.857 4
CHEMCATCHEM 4.853 1
INORGANIC CHEMISTRY 4.825 4
COMMUNICATIONS PHYSICS 4.684 1
JOURNAL OF ALLOYS AND COMPOUNDS 4.65 2
MICROPOROUS AND MESOPOROUS MATERIALS 4,551 2
ACS APPLIED ENERGY MATERIALS 4.473 1
PHARMACEUTICS 4.421 1
NANOMATERIALS 4.324 2
JOURNAL OF PHYSICAL CHEMISTRY C 4.189 6
DALTON TRANSACTIONS 4.174 2
CRYSTAL GROWTH & DESIGN 4.089 1
SCIENTIFIC REPORTS 3.998 1
ORGANOMETALLICS 3.804 1




PHYSICAL REVIEW B 3.575 2
INDUSTRIAL & ENGINEERING CHEMISTRY RESEARCH 3.573 1
JOURNAL OF THE AMERICAN CERAMIC SOCIETY 3.502 1
PHYSICAL CHEMISTRY CHEMICAL PHYSICS 3.43 6
NEW JOURNAL OF CHEMISTRY 3.288 2
MOLECULES 3.267 1
SPECTROCHIMICA ACTA PART A-MOLECULAR AND BIOMOLECULAR 3.232 1
APPLIED ORGANOMETALLIC CHEMISTRY 3.14 1
CHEMMEDCHEM 3.124 1
RSC ADVANCES 3.119 1
CRYSTENGCOMM 3.117 2
MATERIALS 3.057 1
JOURNAL OF APPLIED CRYSTALLOGRAPHY 2.995 3
APPLIED GEOCHEMISTRY 2.903 1
PROCESSES 2.753 1
JOURNAL OF SOLID STATE CHEMISTRY 2.726 1
JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 2.717 2
JOURNAL OF PHYSICS-CONDENSED MATTER 2.705 1
ENERGIES 2.702 3
EUROPEAN JOURNAL OF INORGANIC CHEMISTRY 2.529 1
SOLID STATE SCIENCES 2.434 1
TOPICS IN CATALYSIS 2.406 1
CRYSTALS 2.404 2
JOURNAL OF SYNCHROTRON RADIATION 2.251 1
RADIATION PHYSICS AND CHEMISTRY 2.226 1
JOURNAL OF VACUUM SCIENCE & TECHNOLOGY A 2.166 1
METALS 2.117 1
ACTA CRYSTALLOGRAPHICA SECTION B-STRUCTURAL SCIENCE 2.048 1
JOURNAL OF SOL-GEL SCIENCE AND TECHNOLOGY 2.008 1
ARCHAEOMETRY 1.519 1
CHIMIA 1.478 1
ZEITSCHRIFT FUR ANORGANISCHE UND ALLGEMEINE CHEMIE 1.24 2
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY 0.973 1
ZEITSCHRIFT FUR NATURFORSCHUNG SECTION B-A JOURNAL OF 0.839 1
CRYSTALLOGRAPHY REPORTS 0.661 1




Scientific output Research Areas

All the SNBL papers in 2020 were also classified by research area. It’s clear SNBL has strong a portfolio in
chemistry and materials science followed by physics and crystallography. See below the full distribution
per Research Area.

Research area Number of publications in 2020
CHEMISTRY, PHYSICAL 45
MATERIALS SCIENCE, MULTIDISCIPLINARY 44
CHEMISTRY, MULTIDISCIPLINARY 32
NANOSCIENCE & NANOTECHNOLOGY 19
CHEMISTRY, INORGANIC & NUCLEAR 17
PHYSICS, APPLIED 11
CRYSTALLOGRAPHY 10

PHYSICS, CONDENSED MATTER

CHEMISTRY, APPLIED

PHYSICS, ATOMIC, MOLECULAR & CHEMICAL
ENERGY & FUELS

METALLURGY & METALLURGICAL ENGINEERING
ENGINEERING, CHEMICAL

CHEMISTRY, ORGANIC

MATERIALS SCIENCE, CERAMICS
PHARMACOLOGY & PHARMACY
ARCHAEOLOGY

BIOCHEMISTRY & MOLECULAR BIOLOGY
CHEMISTRY, ANALYTICAL

CHEMISTRY, MEDICINAL

CONSTRUCTION & BUILDING TECHNOLOGY
ELECTROCHEMISTRY

FOOD SCIENCE & TECHNOLOGY
GEOCHEMISTRY & GEOPHYSICS
GEOSCIENCES, MULTIDISCIPLINARY

GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY
INSTRUMENTS & INSTRUMENTATION
MATERIALS SCIENCE, COATINGS & FILMS
NUCLEAR SCIENCE & TECHNOLOGY
NUTRITION & DIETETICS

OPTICS

PHYSICS, MULTIDISCIPLINARY
SPECTROSCOPY
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Summary of the works

The ESRF has started to operate its beamlines with the new Extremely Brilliant Source in 2020. The SNBL
has been preparing since 2017 for this event following a plan outlined in the “SNBL 2019-2020 and
beyond” document. This document was supported by the Swiss- and Norwegian users, their respective
steering committees and approved by the SNX Council. This document was sent out by PSI for
international review and received excellent evaluations. The SNBL international beamline review panel in
2019 also strongly endorsed the project. The document was additionally handed over to the funding
agencies in both Norway and Switzerland (RCN and SERI) in 2018.

In brief, the new EBS source provides excellent opportunities for SNBL users. In order to materialize these
opportunities, a 2-phase plan for SNBL was therefore developed and consequently approved to adapt and
upgrade both beamlines to the new EBS source. Phase 1 covers investments in beamline equipment that
are directly induced by the new source characteristics of the ESRF-EBS upgrade (i.e. higher heat load on
the optical components). Phase 2 provides an evolving scientific case for both BM01 and BM31 and their
proof of concept. Obviously, the equipment installed now for Phase 1 is already compatible with the
future scientific goals of the Phase 2 upgrade. According to this plan 2020 is fully targeted towards bringing
the phase 1 upgrade to a good end. In 2020 the works at SNBL have therefore been focused on finalizing
the phase 1 installations started in 2019, on commissioning the beamlines with the new EBS source and
on a reliable and rapid restart of the user programs. Phase 2 is foreseen beyond 2020.

The planning of the three targets, 1) finishing installations, 2) commissioning with EBS and 3) restarting of
the user program was severely influenced by the Covid 19 outbreak and subsequent lockdown’s notably
in the spring of 2020. Regardless of the pandemic all objectives have nevertheless been reached in 2020.

The BMO1 phase 1 upgrade, consisting of a beamline move and vacuum conditioning, was ready before
the originally planned first EBS beams in April 2020.

Newly installed monochromator on BM31

The phase 1 for BM31 mainly focussed on the installation of a new cryogenically cooled monochromator.
This has been a major project needing large developments and human resources, in i.e. project



management, installation, alignment, controls, cabling, LN2 infrastructure and software. Most works were
succesfully performed in 2019, the major item for 2020 was the cryogenic circulator still to be delivered.
Due to Covid19, this device came much later than originally planned but just in time for the new EBS
restart date in July 2020.
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Newly installed cryocooler and its operation display on BM31

The original restart and commissioning of the beamlines was planned for April 2020. This was delayed to
mid-July 2020 when both SNBL beamlines were finally certified for its radiation safety under EBS
conditions. This left only 9 days of commissioning before the summer shutdown.

The commissioning restarted on the 25™ of August 2020 on both SNBL beamlines. The user program was
restarted on BMO1 as soon as September 9 2020. Nine official user experiments were planned on BM01
and successfully performedin 2020 in full remote mode, i.e. without on-site users due to Covid-19. Further
beamline commissioning was performed in-between experiments from time to time. All experimental
functionalities, powder, single crystal and surface diffraction are tested and operational.

The challenge and amount of commissioning work on BM31 was obviously much larger compared to
BMO1 as a completely new monochromator with multiple functionalities was installed. Several so-called
“friendly” users’ experiments were performed before the first official user experiment on October 27
2020. Altogether four official users’ experiments could be planned and successfully performed in 2020.
One external user could even come on-site in a gap in the continuously changing Covid-19 restrictions.
Some mechanical interventions had to be made both inside the new monochromator and even inside the
storage ring to bring the BM31 performance up to the projected level. At the end of the year the
forecasted performance of the phase 1 upgrade was fully reached. In-situ and operando combined
absorption and scattering experiments were performed. The now proven accuracy, precision,
reproducibility and stability of the beamline and monochromator are according to specifications enabling
combined XRD-XAFS-PDF foreseen in phase 2.



