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Abstract

All-solid-state batteries (ASSB) are considered as promising energy storage systems for consumer electronics and electric mobility because of
their high safety, long life and high energy density. Currently, electrochemistry and materials research attempt to produce ASSB cells on
laboratory scale. One future challenge will be to characterize the required manufacturing processes for large format composites of thin ceramic
layers used in ASSB and to transfer this knowledge to pilot scale production. The promising technology is still far from being commercially
producible on an industrial scale, which is why there is a particular need for extensive research on the manufacturability of large format and
stackable sheet type ASSB cells. In this paper we present a concept for handling cell components during cell assembly of ASSB by analyzing
extensively the material and process requirements, as well as interdependencies with simultaneous engineering. Furthermore, the possibilities for
cell stacking are investigated via SIPOC by appropriately adapting techniques of conventional lithium-ion batteries to the varying requirements

of ASSB.
© 2019 The Authors. Published by Elsevier Ltd.
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1. Introduction

Lithium-ion batteries are a key enabler for emission free
mobility. However, the ever increasing demand for higher ener-
gy densities has pushed the current technology towards its limit
[1]. The implementation of all-solid-state batteries (ASSB)
could facilitate the use of a lithium (Li) metal anode, potentially
enabling much higher energy densities than the current
technology [2]. Furthermore, the omission of flammable liquid
components from the battery cells promises less effort for safety
management: Typically, the electrolyte liquid soaks the porous
media in a lithium-ion cell to enable ion transport from the
cathode via the separator to the anode and vice versa. Replacing
the separator (and also the electrolyte in the electrodes) with a
non-flammable solid electrolyte could, therefore, circumvent
the risks of leakage and flammability. Some solid electrolytes
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show relatively high ionic conductivities, some of them even
exceeding those of conventional liquid electrolytes [3].

Nomenclature

ASSB  All-solid-state battery

LIB Lithium-ion battery/ Lithium-ion battery cell(s)
SE Solid electrolyte

CC Cathode composite

Li Lithium

SIPOC Supplier input process output customer analysis
DFM/A Design for manufacturing/ assembly

PLC Programmable logic controller

Despite the great potential, there is still an ongoing need for
research on ASSB, especially with regard to the unresolved
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issues at the interfaces between electrodes and solid electrolyte
[4].While a lot of effort has been put into tackling the issues on
material level, reports on the scale-up from laboratory to pilot
and industrial scale remain scarce [5,6]. An increasing number
of publications have been dealing with scalable processes for
the fabrication of composite cathode layers with high active
material loading [7,8] and thin (<30 pm) solid electrolyte
layers [9,10]. Currently, these components are assembled
manually to fabricate ASSB cells on laboratory scale [10,11].
While fully automated winding and stacking processes have
been widely established for conventional lithium-ion cells
[12,13], challenges are expected for automated assembly of
large format ASSB cells: The mechanical properties of ASSB
components, i.e. the brittleness and low bending stiffness of
composite cathodes and solid electrolyte layers with low poro-
sities [1] may not allow for conventional winding or folding
processes. Furthermore, the sensitivity and adhesiveness of
lithium metal as anode material can turn out to be challenging
for conventional handling technologies such as vacuum-based
suction grippers. Hence, investigations on automated handling
of ASSB components will be required to enable simultaneous
engineering of product design and production processes for
large format ASSB.

The scope of this paper is, therefore, the analysis of
challenges and requirements for an automated assembly of
ASSB cells. First, an explanation of the materials used and
associated cell components is given, as well as a description of
possible cell design variants. Based on this, the differences and
challenges for the production of ASSB compared to con-
ventional lithium-ion batteries (LIB) are analysed. Subse-
quently, process and system requirements for handling and
assembly procedures are derived from the properties of the
specific components used in ASSB cells. In the last section, a
concept for the development of a handling system for ASSB
components during cell assembly is described and the imple-
mentation of a handling test rig for carrying out handling tests
with ASSB components is suggested.

2. Fundamentals: components, stacking and cell design
2.1. Solid electrolyte and separator

Solid electrolytes (SE) combine two functions: firstly, the
ionic conductivity, which allows the transportation of Li ions
from anode to cathode, and secondly the electric isolation
between these two [14]. The solid electrolyte hence substitutes
the liquid electrolyte and the separator when comparing it to a
conventional LIB. Solid electrolyte systems can be subdivided
into polymeric and inorganic electrolytes [14]. Due to their
promising properties with respect to ASSB, the focus of this
paper will be on sulfide and oxide based solid electrolytes.

2.2. Anode

With regard to anode materials for ASSB, lithium (Li) metal
is considered as one of the most promising candidates [14]
because it could lead to a high energy density of the cell.
However, the coulombic efficiency during deposition and
retrieval of lithium is limited [15]. The Li layer needs to be very

thin (~10 pm) in order to achieve high energy densities. The
formation of Li dendrites, caused by undefined deposition of Li
during battery discharge, remains an issue. Remedial action can
be taken by applying a protective layer [17].

2.3. Cathode

A composite cathode (CC), consisting of cathode active
material, solid electrolyte, conducting agent will be required in
order to allow for sufficient ionic and electric percolation.
Furthermore, suitable binders will be required to ensure
mechanical stability and long lifetime of the ASSB [4]. A lack
of mechanical contact between the particles of SE, CC and
anode leads to high transition resistances between the SE layer
and the electrodes and poor cycle stability.

To achieve low resistances, better ionic conductivity and a
competitive energy density in contrast to LIB, a high cathode
active material content and thin SE layers are required.

2.4. Design possibilities for the superstructure of ASSB cells

One-layer systems with only one galvanic cell are mainly
used for thin film batteries, where only low energy density is
required. In contrast, multi-layer systems consist of multiple
galvanic cells which are stacked and electrically contacted with
each other. Only a parallel interconnection of galvanic cells is
possible for conventional LIB due to the homogenous
distribution of the liquid electrolyte. In contrast, the following
two design possibilities (Fig. 1) emerge for ASSB:

1. Parallel cell stack:

In a parallel stacking configuration, the single galvanic cells
are stacked in such way that always the corresponding electri-
cal poles of two galvanic cells face each other. They are
connected to each other by using the same current collector tab
for supplying the current to and draining it from the galvanic
cell(s). [18,19] This stacking concept functions according to
the same principle as conventional LIB with conventional
“monopolar” current collectors. Nonetheless, it must be further
examined whether the stacking process for parallel stacked
ASSB is also comparable to the one of conventional LIB.

2. Bipolar cell stack:
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Fig. 1. (a) bipolar [21]; (b) parallel stacking of galvanic ASSB cells.
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In a bipolar stacking configuration, the single galvanic cells,
consisting of active electrode materials, solid electrolyte layers
and current collectors, are stacked and simultaneously connec-
ted in series to each other [18,20,21].

This promising cell stacking method enables the generation
of high voltage cells but requires bipolar current collectors in
return. These must somehow ionically isolate the two adjoining
electrodes and are electrochemically stable to electrode mate-
rials at their specific potentials.

3. Derivation of process and system requirements

The process requirements regarding the handling of the
abovementioned components in ASSB can be defined more
systematically by considering the following aspects.

3.1. Aspects regarding production and assembly technology

A major goal within battery cell production is to keep the
cell assembly processes as simple as possible in order to ensure
high quality of the cell components. Additionally, the processes
need to be as fast possible in order to maximize throughput and,
thus, minimize production costs. These objectives also apply to
the production of ASSB. Approaches and possibilities to
achieve these goals are: reducing non-value-adding handling
operations, transport processes and storage phases during cell
assembly [22]; simplifying the product and the joining of
components [22]; designing the product assembly-compliant or
assembly-oriented in accordance with the guidelines regarding
a design for manufacturing and assembly (DFM/DFA) [23].

In particular, DFA methods need to be applied very early in
the product development process (already during the phase of
product engineering and product development) since product
changes at this stage can have a major influence on the
manufacturing and assembly processes [22]. In order to link the
product development of novel ASSB with the development of
the corresponding production processes, the application of
DFA guidelines is highly relevant, already during the
specification of stack and cell design.

3.2. (Electro)chemical aspects

Under the premise of influencing the electrochemical per-
formance of the cell and its components as little as possible, it
is of great importance to understand which material modifica-
tions can occur during the handling and stacking process. The
chemical reactivity of the processed materials influences the
handling technology and beyond that the applied gripping
principle. For example, if the cell components are chemically
unstable towards the materials used for the gripper it may be
necessary to change the material of the gripper to prevent
negative effects on the cell components.

Another aspect in this context are reactions of the processed
materials with the surrounding atmosphere during handling and
stacking. Any contact with moisture (e.g. in the ambient) air
before, during and after these processes can lead to a chemical
reaction and thus a degradation of the material [1]. Pure Li [24]
and sulfidic SE [25] systems are particularly susceptible to this,
but oxidic systems [26] may also react sensitively.

3.3. Safety aspects

Sensitivity to moisture is also important from a safety point
of view when handling ASSB components. The entire process
chain of cell assembly must therefore be executed in a specially
dehumified atmosphere (dry room) or even under inert gas
atmosphere (e.g. glove box flooded with argon) to ensure the
required safety for processing critical materials and also to
prevent negative effects on an electrochemical level (see 3.2).
The development and design of technical protective measures
for both the processed materials as well as the production faci-
lities is subject to consideration during the design of a handling
and stacking system, especially for large format ASSB.

3.4. Mechanical aspects

The different cell components of ASSB differ significantly
with regard to their mechanical and physical properties. Due to
the targeted low porosities, the CC and SE layers are most
likely sensitive to mechanical contact or pressure, shock,
vibration and bending. For this reason, particular care must be
taken to ensure gentle handling of these components. The inte-
gration of adequate binders could provide more flexibility [27].

In terms of mechanical properties, lithium is very adhesive
and therefore easily sticks to a gripper or any mechanical gui-
dance during processing. Another challenge will be the requi-
red thickness of the Li film which needs to be only a few micro-
meters. Thereby the film is easily deformable and mechanically
unstable, the feasibility of a self-supporting Li foil becomes
difficult. Rather, pre-"lithiated" carrier layers (either a current
collector or the SE) to which the lithium applies by lamination
or evaporation will be the object of handling operations.

3.5. Quality aspects

The quality of the final ASSB cell strongly depends on the
electrochemical functionality of its components in the single
galvanic cells and the entire cell stack. A gentle handling of the
components is required to minimize negative effects on the
electrochemical functionality. The lowest possible mechanical
impact on the component should be achieved at this. Therefore,
a quality-related design of the components handling and the
corresponding handling system must be carried out.

The other important aspect for ensuring good cell quality is
the deposition accuracy of the automatic handling machine
during stack formation. The more accurately the components
can be stacked, the better the electrochemical performance of
the galvanic cell but also of the entire ASSB cell.

3.6. Economical aspects
The key target for handling and processing of ASSB com-

ponents is the greatest possible yield and throughput, an
economic evaluation is therefore subject of further research.
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4. Production of ASSB: challenges and changes compared
to conventional LIB

In contrast to conventional assembly planning within LIB
production, the product design for ASSB can currently only be
vaguely described. Based on the method for evaluation of
technologies for ASSB production [28], different approaches
for the fabrication of ASSB layers were summarized by Schnell
et al. [6]. However, the assembly processes are only roughly
outlined and therefore require further investigation. In order to
categorize the different possibilities for ASSB stack assembly,
a morphological box was created, as illustrated in Table 1. On
the basis of Reinhart et al. [29] the structure follows a SIPOC
(supplier-input-process-output-customer) approach:

Table 1: Morphological box following SIPOC.

SIPOC  |Cluster Possibilities
L
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supplier
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Type Sheets Rolling goods
L Separate Galvanic
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Anode On carrier foil  |Self-supporting 1 current jn o
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sheet cutting processes
Flat
Principl Sheet stacki Z-foldi L
rinciple eet stacking olding winding?
Process
Atmosphere Inert gas Dry room
I k pi Into hard
Positioning o W40r PIECE nto pouch foil o har
carrier case
Gripper Vacuum Contactless  others
Stack design Bipolar Parallel
Output  (Number of layers [Variable
Geometry Variable
Welding/

Customer|Assembly backend Stack pressing {Packaging

contacting

The suppliers of the stacking process are all preceding
processes (i.e. layer fabrication) and external suppliers for
component manufacturing. The components can either be
provided as single- or multi-layer sheets (e.g. after sintering) or
as rolling goods (e.g. after calendaring). The amount of
handling steps per “full cell” can be drastically reduced if the
components are already supplied as “half cells” or even
galvanic cells, i.e. the cathode, solid electrolyte separator, and
anode laminated on top of each other. However, the latter
involves the risk of short circuiting during cutting and assembly
since the cells will already be in a charged state if lithium is
employed as anode material. Depending on the mechanical
properties of the different components and the preceding
manufacturing processes, the components can either be
provided as free-standing layers, on a carrier foil (to be peeled
off), or combined with one or several of the neighboring
components. For instance, for hybrid solid electrolytes with
sufficient mechanical flexibility, self-standing layers or a
carrier foil as substrate are conceivable [27], while otherwise

the solid electrolyte layer needs to be directly coated onto one
of the electrodes (i.e. the cathode, taking into account that
lithium foil will probably not be suitable as substrate) [30].

The material supply also has consequences for the layout of
the stacking process: While a flexible hybrid solid electrolyte
separator could possibly allow for z-folding or even flat
winding, a single sheet stacking process will be required for
rigid components with low bending stiffness. A special focus
needs to be drawn to the surfaces to be handled: For instance,
a damage-free manipulation of the solid electrolyte separator is
vital for proper functionality and safety of the cell. An
integration of the stacking process with the preceding cutting
step can reduce the effort for intermediate storage and multiple
handling steps. Depending on the materials used, a dry room or
even inert gas atmosphere will be required. This can also have
an impact on the gripping principle, e.g. additional effort for
inert gas recycling when employing vacuum-based suction
grippers. Positioning of the layers directly into the housing can
help to reduce further handling steps during assembly backend.

The final ASSB stack with its defined geometry and number
of layers is then provided to the customers of the process, i.e.
the following processes in the assembly backend (e.g. tab
welding and sealing).

5. Development of a handling system for cell assembly
5.1. Conceptual design

A multi-disciplinary planning approach is proposed to
encompass the different aspects influencing the fabrication of
multi-layered ASSB, as well as to incorporate them into the
ASSB design and the development of appropriate handling
procedures and machinery for cell stacking and assembly. As
shown in Fig. 2, the framework consists of three major aspects:
“new product development”, “process engineering” and
“systems engineering”, which must be closely interlinked in
order to master the aforementioned challenges.

* Process atmosphere
* Material degradation
* Time-dependency
* Component characteristics
* Material feed and evacuation
(continuously, single sheets

TASK = ,,Handling of
ASSB components within
cell assembly*

New Product Process
develop- develop-
ment ment

* Galvanic cell
« Stack (design

and geometry)
* Stacking accuracy
* ASSB materials:

» Mechanical aspects
» Incompatibilities,

* Inert/ dry atmosphere
* Gripping system
Systems (operating principle)
el;ginee- * Machinery (move-ment
ring automation)
* Control technology
« Sensors, data
* Simulation

reactivity

Fig. 2. Multi-disciplinary approach for handling ASSB cell components.
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The definition of the material system of the ASSB galvanic
cell represents a part of the product development. This allows
to specifically define the respective components which will
then be subject to handling operations during cell assembly.
Another aspect of the product development is the definition of
the cell and stack design.

Joining and compres-
sing by calandering

Q@_

ST

Cutting

O

Application

Retention of

of bonding
carrier foil
agent
Current coll. +
Li + polym. SE Vacuum
Carrier foil +
CC + sulph. SE ; ‘

Fig. 3. Example for handling and processing components of a sulphidic
ASSB during cell assembly.

This affects the systems engineering because it sets both the
output parameters of the cell stacking process as well as its
input parameters (components will possibly be fed in a
different shape and/or arrangement for varying cell designs).
Provided that a bipolar stacking concept is preferable for high
energy density, the development of bipolar current collectors
needs to be taken into account. The material transfer and
feeding technology (roll-to-roll processes and subsequent
cutting to size vs. handling and assembly of pre-cut single
sheets and subsequent joining of layers) represents an
intersection between product development and process
engineering. Process development and systems engineering are
innately closely interlinked.

The identification of handling processes is prerequisite for
the conceptual design of the handling system for ASSB com-
ponents. Consequently, the respective operating principles of
grippers or conveyors that are required for handling the ma-
terials in ASSB cell assembly can be derived. This step, in turn,
is strongly dependent on the characteristics of the components,
e.g. feeding, handling and gripping systems will change
depending on whether lithium is processed as a foil or on a
substrate layer or whether individual components are fed.

The same applies to the processing of components as single
layers in comparison to the processing of multilayer systems.
As shown in Fig. 3, the feeding of different components from
separate rolls, joining of multiple layers, and cutting of a multi-
layer system are directly linked to the cell stacking process.

5.2. Execution and evaluation of experiments

The design, construction and set up of a (prototype)
handling system is prerequisite to carry out experiments and
handling tests using a variety of samples. Thereupon, various
experimental setups and test runs will be executed. A handling
test rig (Fig. 4) that can be used as flexibly as possible for
preliminary testing of handling the different components has
been developed at the Institute for Machine Tools and

Industrial Management. This handling test rig is used to
investigate and compare different gripping principles for
damage-free handling of single layers and multilayer systems
of ASSB cell components.

The findings from trial runs using this handling test rig in
different ambient conditions will prospectively allow to draw

Safety cage

K Control cabinet

____Linear drive (Y)

[ Linear drive (Z)

Rotational drive (Rz)

— Multi-gripper
— Stack mounting

Components storage

Fig. 4. Mechanical set-up of the handling test rig.

more profound conclusions and to define the specifications and
requirements for automated handling and stacking of large
format ASSB cell components. This will subsequently enable
the development of an appropriate handling system for
assembling ASSB cells on pilot scale.

5.3. Implementation of required environmental conditions

More profound knowledge regarding the required atmo-
sphere for processing lithium, sulfidic SE and oxidic SE is
required to ensure a sufficiently high product quality and safe
handling and processing of the cell components. For this
purpose, series of tests need to be carried out batch wise in
different ambient conditions. If dry room conditions are not
sufficient, the conception and design of a surrounding glove
box is required, assuring an inert gas atmosphere (presumably
argon), especially for handling and processing lithium metal.

Building on this the requirements for handling technology
and machinery resulting from the special environmental condi-
tions are derived. If possible, solutions from existing handling
technology are adapted to the application. Otherwise a new
handling solution (e.g. a specially developed gripping
principle) must be developed for this specific application.

5.4. Fully automated feeding and stacking of components

As soon as the handling tests have shown positive results
regarding functionality and the required environmental condi-
tions have been realized, the automation of an integrated hand-
ling and stack assembly process will be the main focus of
further investigations encompassing:

e integration of necessary sensor technology for control,

e optimization with regard to precision and repetitive
accuracy to increase process yield,
optimization of handling processes regarding speed,
concept(s) for transport and feeding of components,

e prevention of cross-contamination,
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e fixation, compression and evacuation of the cell stack,
e advanced system control (using a powerful PLC).

6. Conclusion and Outlook

Automating the cell assembly processes will be a prerequi-
site for mass commercialization of ASSB. A detailed mecha-
nical characterization of lithium anodes, SE systems and
compounds of SE and CC is necessary to specify the appro-
priate process conditions for handling the respective compo-
nents during the assembly of ASSB cells. The integration of an
appropriate manipulator into an all-enclosing glove box system
will provide the technical basic framework that allows testing
of the manufacturability of ASSB cell stacks under a controlled
inert atmosphere. Hence, the results of this paper can assist in
the transfer from laboratory to pilot and industrial scale for the
production of All-Solid-State battery cells.

Acknowledgements

We express our gratitude to the German Federal Ministry of
Education and Research for the funding of our research. Some
illustrations and concepts have been achieved within the scope
of the research project “FELIZIA” (grant number 03XP00261)
and “ProFeLi” (grant number 03XP0184I). Furthermore, the
authors thank Lovis Wach for his technical support in imple-
menting the handling test rig mentioned above.

References

[1] Janek J, Zeier WG. A solid future for battery development. Nat Energy
2016;1(9):1167.

[2] Varzi A, Raccichini R, Passerini S, Scrosati B. Challenges and prospects
of the role of solid electrolytes in the revitalization of lithium metal
batteries. J. Mater. Chem. A 2016;4(44):17251-9.

[3] KatoY, Hori S, Saito T, Suzuki K, Hirayama M, Mitsui A, Yonemura M,
Iba H, Kanno R. High-power all-solid-state batteries using sulfide
superionic conductors. Nat Energy 2016;1:.

[4] Kerman K, Luntz A, Viswanathan V, Chiang Y-M, Chen Z. Review—
Practical Challenges Hindering the Development of Solid State Li Ion
Batteries. J. Electrochem. Soc. 2017;164(7):A1731-A1744.

[5] Hao F, Han F, Liang Y, Wang C, Yao Y. Architectural design and
fabrication approaches for solid-state batteries. MRS Bull
2018;43(10):775-81.

[6] Schnell J, Glinther T, Knoche T, Vieider C, Kéhler L, Just A, Keller M,
Passerini S, Reinhart G. All-solid-state lithium-ion and lithium metal
batteries — paving the way to large-scale production. Journal of Power
Sources 2018;382:160-75.

[7] Sakuda A. Favorable composite electrodes for all-solid-state batteries. J.
Ceram. Soc. Japan 2018;126(9):675-83.

[8] Yamamoto M, Takahashi M, Terauchi Y, Kobayashi Y, Ikeda S, Sakuda
A. Fabrication of composite positive electrode sheet with high active
material content and effect of fabrication pressure for all-solid-state
battery. J. Ceram. Soc. Japan 2017;125(5):391-5.

[91 Yi E, Wang W, Kieffer J, Laine RM. Key parameters governing the
densification of cubic-Li 7 La 3 Zr 2 O 12 Li + conductors. Journal of
Power Sources 2017;352:156—64.

[10] Nam YJ, Oh DY, Jung SH, Jung YS. Toward practical all-solid-state
lithium-ion batteries with high energy density and safety: Comparative
study for electrodes fabricated by dry- and slurry-mixing processes.

Journal of Power Sources 2018;375:93—101.

[11] Tto S, Fujiki S, Yamada T, Aihara Y, Park Y, Kim TY, Baek S-W, Lee J-
M, Doo S, Machida N. A rocking chair type all-solid-state lithium ion
battery adopting Li20-ZrO2 coated LiNi0.8C00.15A10.0502 and a
sulfide based electrolyte. Journal of Power Sources 2014;248:943-50.

[12] Kwade A, Haselrieder W, Leithoff R, Modlinger A, Dietrich F, Droeder
K. Current status and challenges for automotive battery production
technologies. Nat Energy 2018;3(4):290-300.

[13] Kurfer J, Westermeier M, Tammer C, Reinhart G. Production of large-
area lithium-ion cells — Preconditioning, cell stacking and quality
assurance. CIRP Annals 2012;61(1):1-4.

[14] Yao X, Huang B, Yin J, Peng G, Huang Z, Gao C, Liu D, Xu X. All-solid-
state lithium batteries with inorganic solid electrolytes: Review of
fundamental science. Chinese Phys. B 2016;25(1).

[15] WuF, Yuan Y-X, Cheng X-B, Bai Y, Li Y, Wu C, Zhang Q. Perspectives
for restraining harsh lithium dendrite growth: Towards robust lithium
metal anodes. Energy Storage Materials 2018;15:148-70.

[16] Lin D, Liu Y, Cui Y. Reviving the lithium metal anode for high-energy
batteries. Nature nanotechnology 2017;12(3):194-206.

[17] Zhou Y, Han Y, Zhang H, Sui D, Sun Z, Xiao P, Wang X, Ma Y, Chen
Y. A carbon cloth-based lithium composite anode for high-performance
lithium metal batteries. Energy Storage Materials 2018;14:222-9.

[18] Placke T, Kloepsch R, Diithnen S, Winter M. Lithium ion, lithium metal,
and alternative rechargeable battery technologies: the odyssey for high
energy density. J Solid State Electrochem 2017;21(7):1939-64.

[19] Hayashi T, Ouchi M, Nishida K, Yoshioka M. Layered solid-state battery
(US009190652B2). 2013

[20] Satou A. Bipolar laminated all-solid-state lithium-ion rechargeable
battery (US20170263981A1). 2017

[21] Hu Y-S. Batteries: Getting solid. Nat. Energy 2016;1(4):16042.

[22] Poli C. Design for manufacturing: A structured approach, Boston:
Butterworth-Heinemann 2001.

[23] Lu C, Fuh JYH, Wong Y-S. Collaborative product assembly design and
assembly planning: Methodologies and applications. Oxford,
Philadelphia, PA: Woodhead Pub 2011.

[24] Meyer HC. Some Practical Aspects of Handling Lithium Metal. Handling
and uses of the alkali metals: A collection of papers comprising the
Symposium on Handling and Uses of the Alkali Metals, presented before
the Division of Industrial and Engineering Chemistry, at the 129" meeting
of the American Chemical Society, Dallas, Tex., April, 1956. Washington,
D.C. Am Chem Soc 1957. pp. 9-15.

[25] Muramatsu H, Hayashi A, Ohtomo T, Hama S, Tatsumisago M.
Structural change of Li2S-P2S5 sulfide solid electrolytes in the
atmosphere. Solid State Ionics 2011;182(1):116-9.

[26] Jin Y, McGinn PJ. Li7La3Zr2012 electrolyte stability in air and
fabrication of a Li/Li7La3Zr2012/Cu0.1V205 solid-state battery.
Journal of Power Sources 2013;239:326-31.

[27] Riphaus N, Strobl P, Stiaszny B, Zinkevich T, Yavuz M, Schnell J, Indris
S, Gasteiger HA, Sedlmaier SJ. Slurry-Based Processing of Solid
Electrolytes: A Comparative Binder Study. J. Electrochem. Soc.
2018;165(16):A3993-A3999.

[28] Schnell J, Hofer A, Singer C, Ginther T, Reinhart G. Evaluation of
technology chains for the production of all-solid-state batteries. in
Schmitt R, Schuh G, (Eds.). WGP Jahreskongress. Apprimus Verlag.
Aachen 2017. pp. 295-302.

[29] Reinhart G, Kurfer J, Westermeier M, Zeilinger T. Integrated Product and
Process Model for Production System Design and Quality Assurance for
EV Battery Cells. AMR 2014;907:365-78.

[30] Ates T, Keller M, Kulisch J, Adermann T, Passerini S. Development of
an all-solid-state lithium battery by slurry-coating procedures using a
sulfidic electrolyte. Energy Storage Materials 2018



