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How Silicon Can Improve the Performance of Solid-State Batteries

Researchers from Germany and Canada analyze the potential of silicon as an
alternative electrode material - publication in "Nature Materials™

High-performance batteries are required for a wide range of applications and demand is
growing rapidly. This is why the research and development of electrochemical energy storage
systems, including for electromobility, is one of the most important areas of work in materials
science worldwide. The focus is not only on the charging capacities and charging speeds of
the batteries, but also on the life span, safety, availability of raw materials and the CO2
balance. Against this background, the chemists Dr. Hanyu Huo and Prof. Dr. Jurgen Janek
(both Justus Liebig University Giessen), the physicist Prof. Dr. Kerstin Volz (University of
Marburg), the materials scientist Dierk Raabe (Max Planck Institute for Iron Research,
Dusseldorf) and the theoretical material scientist Prof. Dr. Chandra Veer Singh (University of
Toronto, Canada) and their teams have investigated the properties of silicon anodes in solid-
state batteries. They have come to the conclusion that these anodes have great potential to
improve the performance of these batteries. Their findings on the stability, chemomechanics
and ageing behavior of silicon electrodes have now been published in the journal "Nature
Materials".

For the investigations, the research team combined various experimental and theoretical
methods to quantitatively evaluate the transport of lithium in the electrode, the strong
mechanical volume change of silicon during the charging and discharging processes and the
reaction with the solid electrolyte. "This comprehensive and fundamental analysis is an
important step towards the possible use of silicon as an electrode material in solid-state
batteries, which is currently the focus of intensive international research," says Prof. Janek,
one of the authors of the study.

The solid-state battery is an advanced concept of the lithium-ion battery, which currently
functions with a liquid, organic electrolyte. The ultimate target is to use a solid electrolyte, which
promises even better storage properties, longer service life and increased safety. The
development of solid-state batteries has been the subject of intensive research worldwide for
around ten years, and the Giessen team led by Prof. Jirgen Janek is one of the leading
academic groups in this field.

During the charging process of a battery, lithium is absorbed in the negative electrode, the
anode. "This causes the silicon at the anode of the battery to expand by several hundred
percent, which leads to considerable mechanical problems in a solid-state battery," explains
Prof. Janek. "In addition, the favored solid electrolytes react with the stored lithium, which also
leads to capacity losses. Our recently published work evaluates these aspects quantitatively
in detail for the first time."
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In the development of more powerful solid-state batteries that can compete with conventional
lithium-ion batteries, the anode should be formed by a material with a particularly high storage
capacity - ideally a lithium metal. However, this carries the risk of internal short circuits under
operating conditions, so silicon is being investigated as an alternative with a similarly high
storage capacity. "Our results show that the silicon anode has considerable potential for use
in solid-state batteries, which could be exploited by cleverly adapting the interfaces in the
battery," says Prof. Janek. Additional material concepts are required to overcome the chemical
and chemomechanical ageing of silicon anodes. One part of this solution could be a polymer
interlayer, as the research team from Germany and Canada has already been able to
demonstrate.

Prof. Janek and Prof. Volz have been working closely together for several years on research
into new battery materials. The work that has now been published required the use of additional
theoretical methods available at the MPI for Metals Research in Prof. Raabe's department
(chemomechanical phase field simulations) and Prof. Singh's working group at the University
of Toronto (DFT calculations).

About the Authors

The authors of the study are among the leading international scientists in physical and
inorganic chemical materials research. Prof. Dr. Jurgen Janek has a chair for Physical
Chemistry at Justus Liebig University Giessen (JLU) since 1999. He is the director of the
Center for Materials Research at JLU and is one of the two scientific directors of the BELLA
laboratory at the Karlsruhe Institute of Technology. Prof. Janek is a member of the German
National Academy of Sciences Leopoldina and was recently awarded an honorary doctorate
from Delft University of Technology for his work and, together with Prof. Kerstin Volz, was
awarded the first Leopoldina Greve Prize for fundamental scientific work on materials for high-
performance batteries.

Prof. Dr. Kerstin Volz has been Professor of Physics at the University of Marburg since 2009
and heads the Scientific Center for Materials Science (WZMW) there. She is also the
spokesperson for the Collaborative Research Center 1083 "Structure and Dynamics of Inner
Interfaces". Together with her working group, she researches the manufacture and structure
of novel functional materials.

Prof. Dr. Dierk Raabe has been Director at the Max Planck Institute for Iron Research since
1999, where he conducts research into computational materials science, sustainable
metallurgy, phase transformations and hydrogen. He has received the Gottfried Wilhelm
Leibniz Prize, two ERC Advanced Grants and the Acta Materialia Gold Medal Award. He is a
professor at RWTH Aachen University, honorary professor at KU Leuven in Belgium, honorary
doctor of the Norwegian University of Science and Technology and member of the National
Academy Leopoldina.

Prof. Chandra Veer Singh is professor of Materials Science and Engineering at University of
Toronto. He is the director of the Computational Materials Engineering lab, which is focused
on the utilization of atomistic simulations and machine learning for the design and development
of new materials for sustainable energy and lightweight transportation applications.
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Picture

Battery research at JLU: Preparing to analyse the material structure of a battery during
operation using X-ray diffraction. Photo: JLU / Rolf K. Wegst

Publication

Chemo-Mechanical Failure Mechanisms of the Silicon Anode in Solid-State Batteries: H. Huo,
M. Jiang, Y. Bai, S. Ahmed, K. Volz, H. Hartmann, A. Henss, C. Veer Sing, D. Raabe, J. Janek.
Nature Materials (2024)

https://www.nature.com/articles/s41563-023-01792-x

Campus Research Focus “Material, Molecule and Energy”

The development of future-oriented technologies and materials is the central goal of the joint
research activities of the researchers in the campus research focus "Materials, Molecule and
Energy": www.fcmh.de/mat

Scientific contacts

Prof. Dr. Dr. h.c. Jurgen Janek

Institute of Physical Chemistry

Justus Liebig University Giessen

Phone: 0049 641 99-34500

E-Mail: juergen.janek@phys.chemie.uni-giessen.de

Prof. Dr. Kerstin Volz

Scientific Center for Materials Science
University of Marburg

Phone: 0049 6421 28-22297

E-Mail: volz@staff.uni-marburg.de

The Research Campus of Central Hessen (FCMH) is a cross-university institution in accordance with §53 of the
Hessian Higher Education Act of the Justus Liebig University Giessen, the University of Marburg and the
Technische Hochschule Mittelhessen to strengthen regional cooperation in research, promotion of young
researchers and research infrastructure. The FCMH promotes networks, joint research projects, supports the
transfer of knowledge to society and creates synergies between the universities by establishing forward-looking co-
operation structures. The aim is to be even more successful together in top international research and the excellent
promotion of young talent.
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Media contacts

Justus-Liebig-Universitat Giefien Philipps-Universitat Marburg Technische Hochschule Mittelhessen
Presse, Kommunikation und Marketing Pressestelle Pressestelle

Ludwigstr. 23 Biegenstr. 10 Ostanlage 39

35390 GielRen 35037 Marburg 35390 Giellen

T: 0641 99-12041 T: 06421 28-26118 T: 0641 309-1040

E: pressestelle@uni-giessen.de E: pressestelle@uni-marburg.de E: pressestelle@thm.de

I: www.uni-giessen.de I: www.uni-marburg.de I: www.thm.de
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Forschungscampus Mittelhessen
Geschéaftsstelle

Senckenbergstralle 3
35390 GielRen

T: 0641 99-16481
E: geschaeftsstelle-fcmh@fcmh.de
I www.fcmh.de
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