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Programme - General Workshop (second part)
Chair: Celia Polop (UAM)  ·  Scientific committee: Qiong Cai (Surrey), Peter Siffalovic (SAS)

Invited talks 40 minutes (30 + 10 questions), shaded. Contributed talks 25 minutes (20 + 5 questions). Every session opens with an invited talk.

Wednesday 30 September 2026
Day 1 - full day

09:00
09:15

15

min

Welcome and opening of the General Workshop
Chair / Scientific Committee

SESSION 1 - Imaging & microscopy Chair: Celia Polop

09:15
09:55

Invited

40 min

Juan de la Figuera
Instituto de Química Física Blas Cabrera CSIC

Seeing oxides grow in low-energy electron
microscopy: from ferrites to tungstates

09:55
10:35

Invited

40 min

Till Fuchs
Justus Liebig University Giessen

Microstructure and Chemistry at Work: Operando
EBSD and ToF-SIMS of Interfaces in Solid-State
Batteries

10:35
11:00

Contributed

25 min

Michael Foerster
ALBA Synchrotron

Early stage of anode formation investigated by
VE-LEEM and synchrotron spectromicroscopy
(abstract not yet received)

11:00
11:30

30

min

Coffee break

SESSION 2 - X-ray imaging & diffraction Chair: Qiong Cai

11:30
12:10

Invited

40 min

Chun Ann Huang
Imperial College London

Operando X-ray imaging and processing of
structures inside lithium batteries

12:10
12:50

Invited

40 min

Benedetto Bozzini
Politecnico di Milano

Zn-air batteries investigated with complementary
spectroscopy and imaging approaches

12:50
13:15

Contributed

25 min

François Liénard
ID13, European Synchrotron Radiation Facility
(ESRF)

Probing spatial heterogeneities in batteries with
nano/micro X-ray diffraction

13:15
14:45

90

min

Lunch

SESSION 3 - Operando spectroscopic probes Chair: Peter Siffalovic

14:45
15:25

Invited

40 min

Rosalía Cid Barreno
CIC energiGUNE

Operando Insights into Interphase Dynamics at
Metal-Electrolyte Interfaces

15:25
16:05

Invited

40 min

Juan Miguel López del Amo
CIC energiGUNE

Probing battery interfaces and electrochemical
processes by ex situ and operando solid-state NMR

16:05
16:45

Invited

40 min

Ashley Black
Instituo de Ciencia de Materiales de Barcelona
CSIC

Probing Battery Reaction Mechanisms Operando:
From Synchrotron Infrared and X-ray Spectroscopy
to Beam-Induced Effects

17:00
18:30

90

min

Coffee break & poster session
Open discussion

19:00
21:00

120

min

Dinner
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Thursday 1 October 2026
Day 2 - full day

SESSION 4 - Operando electrochemical & diffraction methods Chair: Kristian Nikolowski

09:00
09:40

Invited

40 min

Maria Alfredsson
University of Kent

A Case Study on NMC622: Developing a
Multimodal Operando Metrology and Modelling
Framework for Mechanistic Insights

09:40
10:20

Invited

40 min

Jake Huang
University of Muenster

Accelerated, Interpretable Operando Impedance
Characterization for Solid-State Batteries

10:20
10:45

Contributed

25 min

Peter Siffalovic
Centre for Advanced Materials Application
SAS

Operando XRD: From synchrotron to laboratory

10:45
11:15

30

min

Coffee break

SESSION 5 - Solid electrolyte materials I Chair: François Liénard

11:15
11:55

Invited

40 min

Venkata Thangadurai
University St-Andrews

Garnet-Based Solid-State Li Metal Batteries

11:55
12:20

Contributed

25 min

Kristian Nikolowski
Fraunhofer IKTS

Sulfide solid electrolytes: kinetic limitations in
composite cathodes and the path towards
commercialization

12:20
12:45

Contributed

25 min

Oliver Lohrberg
Fraunhofer IKTS

Ceramic solid electrolytes for lithium and sodium
batteries: electrochemical characterization and
mechanical implications

12:45
14:15

90

min

Lunch

SESSION 6 - Solid electrolyte materials II Chair: Michael Foerster

14:15
14:55

Invited

40 min

Carolina Rosero-Navarro
Instituto de Ceramica y Vidrio CSIC

Glass and Glass-Ceramic Composite Electrolytes
for Enhanced and Stable Interfaces with Lithium
Metal

14:55
15:20

Contributed

25 min

Enrique Vasco Matias
Instituo de Ciencia de Materiales de Madrid
CSIC

Progress in Electrodes for Thin-Film Batteries

15:20
16:00

40

min

Preparation and coach boarding for Segovia

16:00 SOCIAL PROGRAMME - departure for Segovia
Guided visit of the city of Segovia, followed by dinner there. Return to La Cristalera in the evening.

OPERA Workshop - General Workshop, 30 September - 2 October 2026, La Cristalera, Miraflores de la Sierra, Madrid Page 2



OPERA Workshop - Programme

Friday 2 October 2026
Day 3 - half day

SESSION 7 - Beam-based characterization & multiscale modelling Chair: Enrique Vasco Matias

09:00
09:40

Invited

40 min

Santhana Eswara Moorthy
Luxembourg Institute of Science and
Technology

OPINCHARGE project - Selected highlights and
broader perspectives

09:40
10:20

Invited

40 min

Gastón García López
Autonomous University of Madrid

Ion beam analysis: a tool for battery research and
beyond

10:20
10:45

Contributed

25 min

Qiong Cai
University of Surrey

AI assisted multiscale modelling of metal
anode-electrolyte interfaces in solid state batteries

10:45
11:00

15

min

Closing remarks
Chair / Scientific Committee
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Seeing oxides grow in low-energy electron microscopy: from ferrites to tungstates

Juan de la Figuera1

1[Instituto de Química Física Blas Cabrera, Dpto. Química Física de Materiales, Madrid, Spain
Corresponding author: juan.delafiguera@csic.es

High-quality growth of materials is an underlying requirement in material science. And one of the reference
growth methods in for high-quality nanostructures is molecular beam epitaxy (MBE). However, oxide

growth by MBE has complications: often different phases are possible, and the morphology can be very
different from a simple flat continuous layer. Thus there is the need to study their growth by techniques that

allow the real-time observation of the growth front during growth, and the structural and chemical
characterization of nanometer sized areas of the films once grown.  In this work we will describe how we

use low-energy electron microscopy to investigate in real time the growth of oxide nanostructures on
metals by high-temperature oxygen-assisted molecular beam epitaxy. To characterize them we resort to
selected area low-energy electron diffraction and x-ray spectroscopies, combining it with photoemission

microscopy as well as ex-situ atomic force microscopy and Raman spectroscopies. We will show what
surprises await us when we explore different substrates.

This work was supported by the laboratorio de caracterización “Ramón Gancedo”, REDLAB-023,
https://labrg.iqf.csic.es
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Microstructure and Chemistry at Work: Operando EBSD and ToF-SIMS of Interfaces 
in Solid-State Batteries 

Till Fuchs1 
1Institute of Experimental Physics I and Center for Materials Research (ZfM), Justus-Liebig-University Giessen, Heinrich-Buff-Ring 16, 

D-35392 Giessen, Germany. 

Solid-state batteries are studied so intensively because a non-flammable solid electrolyte may finally allow 

the use of a lithium metal anode. Lithium metal combines a low redox potential of −3.04 V with a high specific 

capacity of 3861 mAh g-1, promising an improved energy density. The concept can be pushed even further in 

metal reservoir free (“anode-free”) cells, in which the lithium is plated in situ at a current collector during the 

first charge. This removes excess metal, simplifies cell fabrication and avoids the handling of reactive lithium 

foils, but it also makes the cell performance fully dependent on how uniformly the metal is deposited and 

dissolved. 

Since plating and stripping constantly reshape the metal layer, methods that follow the morphology while 

the cell is running are extremely valuable. Operando scanning electron microscopy at Cu|LLZO model-

interfaces showed that the lithium growth mode depends strongly on the applied current density, with higher 

current densities leading to a higher particle density.[1] Beyond pure imaging, electron backscatter 

diffraction (EBSD) adds crystallographic information. A dedicated preparation and operando measurement 

makes the grain structure of electrodeposited lithium and sodium accessible and reveals columnar grains 

larger than 100 µm, a preferential orientation of grain boundaries, dynamic grain coarsening during 

deposition and pore formation within grains during dissolution.[2] 

Electron microscopy and diffraction, however, deliver only limited chemical information, which is exactly 

what is needed to understand interphase formation and side reactions. Time-of-flight secondary ion mass 

spectrometry (ToF-SIMS) closes this gap, as it detects all elements including lithium with high surface 

sensitivity and provides chemical images in 2D and 3D. Exemplarily, in situ ToF-SIMS on lithium|solid 

electrolyte interfaces was used to classify the stability of different solid electrolytes and to identify a Li2S rich 

interlayer of roughly 250 nm at the Li|Li6PS5Cl interface.[3] With a purpose-built operando sample holder, 

full cells can now be cycled inside the instrument. This allowed us to follow the iodide/iodine redox mediation 

in LiI containing lithium sulfur composite cathodes directly during charging, where the I2⁻ signal rises steeply 

once the oxidation potential of I⁻ is reached.[4] 

Combining these operando methods connects morphology, microstructure and chemistry, and thereby 

provides the mechanistic understanding needed for stable solid-state batteries. 

References 

[1] T. Fuchs & J. Becker et al. Current-Dependent Lithium Metal Growth Modes in “Anode-Free” Solid-State Batteries at the 
Cu|LLZO Interface. Adv. Energy Mater., 13, 2203174 (2023). 

[2] T. Fuchs et al. Imaging the microstructure of lithium and sodium metal in anode-free solid-state batteries using electron 
backscatter diffraction. Nat. Mater. 23, 1678–1685 (2024). 

[3] S.-K. Otto et al. In Situ Investigation of Lithium Metal–Solid Electrolyte Anode Interfaces with ToF-SIMS. Adv. Mater. Interfaces, 
9, 2102387 (2022). 

[4] T. Weintraut et al., submitted to ACS Energy Letters (2026). 
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Early stage of anode formation investigated by VE-LEEM and synchrotron 
spectromicroscopy 

J. Díaz-Sánchez1,2, P. Hernández-Martín1,2, N. Kwiatek-Maroszek3, H.R. Bratlie4, R. Anton5, A. Lowack5, A. 
Galindo6, K. Kataoka7, E. Vasco6, K. Nikolowski5, D. Rettenwander4, E.G. Michel1,2,8, M.A. Niño3, M. Foerster3, 

C. Polop1,2,8 
1Condensed Matter Physics Department, Autonomous University of Madrid (UAM), Spain 

2Nicolás Cabrera University Institute of Materials Science (INC), UAM, Spain 
3ALBA Synchrotron Light Facility, Cerdanyola del Vallès, Spain 

4Norwegian University of Science and Technology (NTNU), Trondheim, Norway 
5Fraunhofer Institute for Ceramic Technologies and Systems (IKTS), Dresden, Germany 

6Instituto de Ciencia de Materiales de Madrid, Consejo Superior de Investigaciones Científicas (CSIC), Spain 
7National Institute of Advanced Industrial Science and Technology (AIST), Research Institute for Energy Efficient Technologies, Japan 

8Condensed Matter Physics Center (IFIMAC), UAM, Spain 

Within OPERA, the Virtual Electrode LEEM (VE-LEEM) platform has been developed as multimodal surface 

microscopy approach to study with high resolution otherwise hard to access battery interfaces. Using the 

electron gun of the Low Energy Electron Microscope (LEEM), we grow in-situ alkali metal anodes (Li, Na) on 

solid state electrolytes (SSE) without any physical current collector and with precise control of the interaction 

energy (0-15 eV). Different early stage anodes are characterized by a combination of LEEM, UV and x-ray 

PhotoEmission Electron Microscopy (PEEM) and AFM; elucidating details of their growth mode and an 

asymmetric discharging path under positive charge from photoemission. These results can be understood to 

arise from the surface energies, exhibiting similar mechanisms as in conventional thin film growth studies 

[1]. 

In this talk we will give a summary of our findings on the early stage anode growth and stripping in the 

Li/LLZTO and Na/NaGdSiO systems. We will also present ongoing research on the integration of metallic 

interlayers and their effect on the anode microstructure and report on the progress of ongoing work 

addressing the interface between anode and SSE. 

References 

[1] J. Díaz-Sánchez et al., Nanoscale imaging reveals critical plating and stripping mechanisms in anode-free lithium and sodium 
solid-state batteries, arXiv:2603.00998 (2026). 
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Operando X-ray imaging and processing of structures inside lithium batteries 

  Chun Huang1, Chu Lun Alex Leung2, Matthew D. Wilson3 
1Department of Materials, Imperial College London, London, SW7 2AZ, UK 

2Department of Mechanical Engineering, University College London, London, WC1E 7JE, UK 
3STFC-UKRI, Rutherford Appleton Laboratory, Didcot, OX11 0QX, UK 

Corresponding author: a.huang@imperial.ac.uk  
 
It is conventionally difficult to measure lithium ion concentrations inside commercially standard battery cell 
configurations using X-rays because the weak signals of lithium cannot be distinguished from the strong 
signals of other heavy transition metal elements that are present in batteries. Here, we show a novel 
operando imaging technique of X-ray Compton scattering imaging that maps lithium ion concentration 
distributions and then use X-ray computed tomography (XCT) to show 3D electrode microstructural 
changes and lithium dendrite growth inside batteries during charging and discharging [1,2]. The results are 
complemented by time-of-flight secondary ion mass spectrometry (ToF-SIMS) and cryo-plasma focused ion 
beam (cryo-PFIB) to study effects of pressure inside zero-excess lithium batteries on lithium chemical 
distributions and physical structures [3].  
 
Using the insights uncovered by characterisation, we develop two advanced processing methods to make 
electrode microstructure that speeds up lithium ion diffusion, one is directional ice templating for making 
electrodes with vertical pores for lithium ion batteries with liquid electrolyte, and the other is directional 
freezing and polymerisation for fabricating cathodes with vertical columns of cathode material and solid 
polymer electrolyte for solid-state lithium metal batteries. The method directly incorporates the solid 
polymer electrolyte in the electrode structure within a single process.  
 
References 

[1]  C. Huang, M.D. Wilson, et al., Advanced Science, 9 (2022) 2105723. 
[2]  C. Huang, M.D. Wilson, et al., Journal of Physics: Energy, 7 (2025) 025009. 

[3]  J. Su, C. Huang, Energy & Environmental Science, 18 (2025) 8815. 
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Zn-air batteries investigated with  

complementary spectroscopy and imaging approaches 

 
Benedetto Bozzini*, Alessandra Gianoncelli2, Lucia Mancini3, Francesco Nespoli4 

 
1 Department of Energy, Politecnico di Milano, via Lambruschini 4, 20156, Milano, Italy 

2 Elettra Sinctrotrone Trieste S.C.p.A., Strada Statale 14 - km 163,5 in AREA Science Park 
34149 Basovizza, Trieste, Italy 

3 Slovenian National Building and Civil Engineering Institute (ZAG), Dimičeva ulica 12, SI-1000, Ljubljana, Slovenia 
4 Media Lario S.r.l., via al Pascolo 10, 23842, Bosisio Parini (LC), Italy 

Corresponding author: benedetto.bozzini@polimi.it 
   

Rational exploitation of the energy produced by renewable sources and electromobility, call for the 
development of efficient and reliable energy storage systems. Batteries are natural candidates for this 
purpose, and metal-air batteries are expected to gain momentum with respect to Li-ion technologies, 
because of their potentially higher energy density and sustainability. Among post-Li metal-air systems, Zn-air 
batteries are especially promising for safety, environmental and cost reasons. Disposable devices are already 
commercially available, but rechargeable systems are still far from the market, because two key challenges 
still remain open: on the one hand the optimization of bifunctional catalysts for the reversible air-cathode, 
that would increase the round-trip efficiency, and, on the other hand, the minimization of anode degradation 
in both the discharge and charge processes. Even if research is making great efforts in the field, satisfactory 
grasp of the mechanisms underlying these processes is still lacking. This talk will focus on an approach to the 
fundamental understanding of a comprehensive range of open issues of Zn-air batteries, based on 
spectroscopic and imaging methods, with special emphasis on in situ X-ray techniques. Recent results will 
be expounded, regarding: (i) oxygen catalyst fabrication, operation and degradation, followed by soft-X ray 
microspectroscopies (SXM) in the direct and Fourier spaces as well as EXAFS [1]; (ii) unstable 
electrodeposition and dissolution studied by SXM  and photoelectron microspectroscopy [2] in different 
electrolytes [3]; (iii) shape change of Zn anodes investigated by in situ X-ray micro Computed Tomography 
[4]. This multi-technique approach, combined with mathematical modelling of electrochemical phase 
formation and device cycling [5], opens up new routes for knowledge-based cathode and anode material 
design and the definition of rational charge/discharge policies. 

 
Figure 1. Representative selection of in situ spectal and tomographic imaging of RZAB electrodes. 
 

References 
[1] A. Alleva, A. Gianoncelli, G. Kourousias, F. Guzzi, F. Coppens, L. Mancini, V. Bonanni, E. Marini, G. Martinelli, B. Bozzini. 
Electrochim. Acta 567 (2026) 148851. 
[2] E. Emanuele, C. Mele, B. Bozzini. ACS Appl. Mater. Interf. 8 (2025) 17659. 
[3] E. Emanuele, G. Batignani, G. Cerullo, G. Leita, E. Mai, N. M. Mohanan, M. Martinati, T. Scopigno, C. Mele, B. Bozzini. J. Mater. 
Chem. A, 13 (2025) 9778.  
[4] B. Bozzini, N. Sodini, A.P. Kao, A. Veneziano, L. Mancini. ACS Appl. Energy Mater. 8 (2025) 10265. 
[5] M.C. D’Autilia, I. Sgura, M. Frittelli, B. Bozzini. Int. J. Eng. Sci. 225 (2026) 104554. 
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Probing spatial heterogeneities in batteries with nano/micro X-ray diffraction 

  François Liénard1, Manfred Burghammer1,  Henrik R. Bratlie2, Verena Reisecker2, Juraj Todt3, Pablo 
Hernandez Martin4, Tobias M. Huber5, Celia Polop4, Jozef Keckes3, Daniel Rettenwander2.  

1ID13, European Synchrotron Radiation Facility (ESRF), Grenoble, France 
2NTNU, Trondheim, Norway 

3Montanuniversität Leoben, Austria 

4UAM, Madrid, Spain 

5Huber Scientific, Vienna, Austria 

Corresponding author: francois.lienard@esrf.fr 

Batteries are inherently complex due to the electro-chemical and mechanical phenomena happening either 

at their interfaces or in their bulk[1,2]. Whether liquid or solid, batteries involve several critical phenomena that 

govern their operation. Accessing the spatio-temporal distributions of physical variables such as the phase, 

the microstructure or the stress can help to disentangle the interplay of these phenomena. For that matter 

the ID13 beamline has been more and more often used for battery experiments this past decade. In this 

presentation, we will present a general view of the state-of-the art at ID13[3], also covering recent Opera R&D 

results, before focusing on post-Opera opportunities for the community interested in employing X-ray micro-

/nano-beam scanning diffraction methods. In the context of ongoing refurbishment activities at ID13 we will 

discuss possible experimental modes for solid-state battery research such as expanding the energy range, 

enabling multi-scale experiments, 3D-methods, and sub-millisecond time resolution. This should help 

spawning further discussions on related future requirements and how they can be met. 

 

 

Figure 1. General overview of the ID13 setup applied to a battery for micro-/nano-beam scanning diffraction. 

References 

[1] D. Atkins, E. Capria, K. Edström, T. Famprikis, A. Grimaud, Q. Jacquet, M. Johnson, A. Matic, P. Norby, H. Reichert, J.-P. Rueff, C. 
Villevieille, M. Wagemaker, S. Lyonnard, Accelerating Battery Characterization Using Neutron and Synchrotron Techniques: 
Toward a Multi-Modal and Multi-Scale Standardized Experimental Workflow. Adv. Energy Mater. 2022, 12, 2102694. 
https://doi.org/10.1002/aenm.202102694 

[2] Sandoval, S.E., Haslam, C.G., Vishnugopi, B.S. et al. Electro-chemo-mechanics of anode-free solid-state batteries. Nat. Mater. 24, 
673–681 (2025). https://doi.org/10.1038/s41563-024-02055-z  

[3]  Jacquet, Q., Cele, J., Casiez, L. et al. Operando microimaging of crystal structure and orientation in all components of all-solid 
state-batteries. Nat Commun 16, 11524 (2025). https://doi.org/10.1038/s41467-025-66306-6   
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Operando Insights into Interphase Dynamics at Metal–Electrolyte Interfaces 

  Rosalía Cid1 
1CIC energiGUNE, Basque Research and Technology Alliance (BRTA), 01510 Vitoria-Gasteiz, Spain 

rcid@cicenergigune.com 

Metal–electrolyte interfaces critically influence the efficiency, stability and lifetime of next-generation metal 

batteries. However, their buried, highly reactive and continuously evolving nature makes it difficult to directly 

relate interfacial chemistry and metal transport to electrochemical performance. 

In this contribution, operando X-ray photoelectron spectroscopy (OpXPS), combined with electrochemical and 

electron microscopy methods, is used to investigate the formation and evolution of metal–electrolyte 

interphases in lithium-based solid-state batteries. A virtual-electrode OpXPS approach induces Li migration 

and deposition directly within the XPS analysis area, providing time-resolved access to the earliest stages of 

interphase formation without exposing a buried interface ex situ. 

For the halide solid electrolyte Li₃YCl₄Br₂ (LYCB), operando measurements show that the Li|LYCB interphase 

does not evolve as a static, homogeneous decomposition layer. Instead, Li plating drives chemical and spatial 

redistribution of reaction products, progressively generating a stratified interphase. Complementary 

impedance spectroscopy further indicate that electrochemical operation influences interfacial contact and 

transport as well as interphase chemistry. 

The methodology is also applied to the garnet electrolyte Li₇La₃Zr₂O₁₂ (LLZO), with and without sputtered Cu 

thin-film current collectors. These experiments provide insight into Li transport through ultrathin Cu films and 

the subsequent accumulation of Li beneath the collector, linking nanoscale transport processes with the 

deformation and fracture observed in cycled anode-free Cu|LLZO cells. 

Finally, current-collector engineering is extended to anode-free sodium systems, where metallic and alloy-

forming interlayers modify nucleation, metal–collector interactions and deposition morphology. 

Together, these studies show how operando surface analysis can connect interfacial chemistry, metal 

transport and mechanical evolution, providing mechanistic guidelines for designing more stable Li- and Na-

metal battery interfaces 

 

 

 

References 

[1]  P. Lannelongue et al., Energy Storage Materials 72 (2024) 103733. 
[2]  A. Rafique et al., Chemical Engineering Journal 509 (2025) 160956. 

[3] A. Rafique et al., ChemElectroChem 12 (2025) e202500346. 

[4] M. Yalçınöz et al., Journal of Physics: Energy 7 (2025) 045025. 

[5] L. Fallarino et al., ACS Applied Energy Materials 9 (2026) 3285–3300. 

 

OPERA Workshop 2026 · page 8OPERA Workshop 2026 · page 10OPERA Workshop 2026 · page 12OPERA Workshop 2026 · page 13OPERA Workshop 2026 - page 7




