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LITHIUM-BASED SOLID STATE BATTERIES

FIELD OF THE DISCLOSURE

5 [0001] The present disclosure is related to all-solid state batteries, lithium-
based batteries or cells.

BACKGROUND OF THE DISCLOSURE

10 [0002] Lithium-based batteries are part of a family of rechargeable battery
types in which lithium ions move from the negative electrode to the positive
electrode during discharge and from the positive electrode to the negative
electrode when charging.

[0003] There are various types of lithium-based batteries, and interest has

15 arisen in solid-state type batteries in recent years. In such batteries, an
electrolyte of the battery, previously a liquid or gel, is replaced by a solid
material. For example, JP 2011-028883 discloses a secondary battery with a
lithium-ion-conductive nonaqueous electrolyte. Such solid state batteries tend
to have improvements in performance as a temperature increases. Moreover,

20 these solid state batteries are safer as there is no liquid present in the batteries.

[0004] Nevertheless, abnormalities may occur during the use of the solid
state battery that may produce temperature. The temperature may rise to a
threshold temperature, which may result in battery damage and/or additional
consequences. Devices intended to stop charging in case of over-charging of

25 the battery and/or when the temperature is too high are known.

SUMMARY OF THE DISCLOSURE

[0005] Currently, it remains desirable to increase the safety of lithium-based

30 solid state batteries. For example, the inventors of the present application have

recognized that it is desirable to release the energy present in the solid state
battery after charging has been stopped due to abnormal conditions.

[0006] Therefore, according to embodiments of the present disclosure, a

lithium-based solid state battery is provided. The lithium-based solid state

35 battery includes a stack of cells, each cell including a positive electrode, a

negative electrode and a solid electrolyte disposed between the positive

electrode and the negative electrode, the lithium-based solid state battery
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including a container, the stack of cells being enclosed in the container and the
lithium-based solid state battery comprising sulfur attached to the container.

[0007] During a charging process of a lithium-based solid state battery,
temperature may increase above a normal threshold. This increase in
temperature may result in battery damage and/or additional consequences.
When the solid state battery is under abnormal conditions and the charging of
the solid state battery is stopped, sulfur begins to sublime at 102°C. The gas
sulfur may react with the lithium contained in the charged negative electrode of
the lithium-based solid state battery to form lithium-sulfur compounds such as
Li>S, LixS,, LixSs, LixSe, LizSs, thus discharging the negative electrode. The
battery is therefore self-discharging. Moreover, these Li-S compounds are a
high resistance layer, and it helps stopping the charging reaction. The lithium-
based solid state battery is therefore safer compared to a solid state battery not
having such sulfur in the container, even when the solid state battery is in an
abnormal configuration, during which the temperature of the solid state battery
rises.

[0008] The sulfur may be attached to the container with a binder.

[0009] The sulfur is mixed with the binder, which helps attach the sulfur to
the container.

[0010] The binder may be polyvinylidene fluoride.

[0011] The sulfur may be in a layer shape.

[0012] The sulfur may be applied by applying a slurry containing the sulfur
onto the container.

[0013] The thickness of the layer of sulfur may be comprised between
0,001 mm and 10 mm, preferably between 0,01 mm and 1 mm.

[0014] The surface area of the layer of sulfur is comprised between 1 %
and 100 % of the container inner surface, preferably between 10 % and
100 %.

[0015] It is intended that combinations of the above-described elements
and those within the specification may be made, except where otherwise
contradictory.

[0016] It is to be understood that both the foregoing general description
and the following detailed description are exemplary and explanatory only and
are not restrictive of the disclosure, as claimed.

[0017] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the disclosure
and together with the description, serve to explain the principles thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 shows a schematic representation of an exemplary lithium-
based battery with sulfur attached to the container according to a first
embodiment;

[0019] Fig. 2 shows a schematic representation of an exemplary lithium-
based battery with sulfur attached to the container according to a second
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0020] Reference will now be made in detail to exemplary embodiments of
the disclosure, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0021] Fig. 1 shows a schematic representation of an exemplary lithium-
based solid state battery 10. The lithium-based solid state battery 10 includes a
stack of cells. For simplicity, one cell 12 has been represented in Fig. 1. Each
cell 12 comprises a positive electrode 14, a negative electrode 16 and a solid
electrolyte 18 disposed between the positive electrode 14 and the negative
electrode 16. Each cell 12 also comprises two current collectors 20, the positive
electrode 14, the solid electrolyte 18 and the negative electrode 16 being
disposed between the two current collectors 20. When the lithium-based solid
state battery 10 comprises a stack of cells 12, two adjacent cells 12 share a
current collector 20.

[0022] The positive electrode 14 may comprise LiCoC,, LiMn,Os, LiNiOy,
LiCowNixMnyAl,O,, LiFePO4, LiMNPO4, LiCoPO4 or any suitable material for
forming a positive electrode 14 in a lithium-based solid state battery 10. The
negative electrode 16 may comprise C, Si, metallic Li, Li4+TisO12, TiOz, Sn, Al or
any suitable material for forming a negative electrode 16 in a lithium-based
solid state battery 10. The solid electrolyte 18 may comprise polymer ionic
conductor such as polyethylene oxide (PEO)/LiCF;SOs, polyphenylene oxide
(PPO)/LICF3S03, poly[ethylene oxide-co-2-(2-methoxyethoxy)ethyl glycidyl
ether] (P(EO/MEEGE))/LiCF3SOs, polysiloxane/LiCIOs or inorganic ionic
conductor such as Li,S-SiS,, LigssLagssTiOs (LLTO), LixS-GeS,-P,Ss or any
suitable material for forming a solid electrolyte 18 in a lithium-based solid state



10

15

20

25

30

35

WO 2018/177546 PCT/EP2017/057744

battery 10. The current collectors 20 may be made of stainless steel, gold (Au),
platinum (Pt), nickel (Ni), aluminum (Al) or copper (Cu) or alloys comprising
these materials. This list is not limitative. The two current collectors 20 may be
made of the same material or the two current collectors may be made of
different materials. For example, the current collector on the positive electrode
side may be made of Al and the current collector on the negative electrode side
may be made of Cu.

[0023] The lithium-based solid state battery 10 also includes a container 22
in which the stack of cells 12 is enclosed. The lithium-based solid state battery
comprises sulfur 24 attached to the container 22, to an inner surface of the
container 26.

[0024] In Fig. 1, the sulfur 24 is in a layer shape and there is one sulfur
layer attached to the container 22. Typically, the layer of sulfur has a thickness
comprised between 0,001 mm and 10 mm, preferably between 0,01 mm and
1 mm. For example, the layer of sulfur has a thickness equal to 0,01 mm. The
thickness of the sulfur layer may be measured by scanning electron microscope
and the thickness is measure in a direction perpendicular to the inner surface of
the container 22.

[0025] The surface area of the sulfur may be comprised between 25 cm?2
and 1500 cm?2. It is comprised between 1 % and 100 % of the container inner
surface, preferably between 10 % and 100 %.

[0026] In Fig. 2, there are two sulfur layer attached to the container 22 and
the sulfur layer are disposed on different walls of the container.

[0027] The sulfur 24 may be attached to the container 22 by applying a
slurry comprising sulfur and a binder to the container 22. The slurry is then
dried at 80°C and thanks to the binder, is attached to the container 22.

[0028] For example, solvent for the slurry may be ethanol, toluene,
heptane, xylene, dodecane, butanol, acetane, but are not limited to these
solvents. Examples of binder may be polyvinylidene fluoride (PVDF), butadiene
rubber (BR), styrene-butadiene rubber (SBR) or acrylate-butadiene rubber
(ABR), but are not limited to these binders.

[0029] For example, the slurry may be obtained by mixing 40 mass% of
sulfur with 55 mass% of solvent and 5 mass% of binder. The slurry may be
prepared in a mortar and mixed for 15 minutes.

[0030] Particle size of the sulfur may be comprised between 0,1 pm
(micrometre) to 10 pm.
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[0031] In some embodiments, the sulfur 24 may be attached to the
container 22 by melting solid sulfur. The solid sulfur is disposed at least on a
part of the inner surface 26 of the container 22 and the sulfur is heated at
120°C for 10 minutes. The solid sulfur melts and, upon cooling, forms a layer of
sulfur 24 on the container 22.

[0032] In some embodiments, the sulfur 24 may be attached to the
container 22 by a vapour process, by depositing gaseous sulfur onto the inner
surface 26 of the container 22.

[0033] For example, for a carbon negative electrode 16, the self-discharging
reaction is as follows: LiC¢ + S = LiS + 6C.

[0034] LiS in the above-equation could be anyone of the following Li-S
compounds: LizS, LizSz, LizS4, LizSe, LizSg.

[0035] Throughout the description, including the claims, the term
"comprising a" should be understood as being synonymous with "comprising at
least one" unless otherwise stated. In addition, any range set forth in the
description, including the claims should be understood as including its end
value(s) unless otherwise stated. Specific values for described elements should
be understood to be within accepted manufacturing or industry tolerances
known to one of skill in the art, and any use of the terms "substantially”" and/or
"approximately" and/or “generally” should be understood to mean falling within
such accepted tolerances.

[0036] Where any standards of national, international, or other standards
body are referenced (e.g., ISO, etc.), such references are intended to refer to
the standard as defined by the national or international standards body as of
the priority date of the present specification. Any subsequent substantive
changes to such standards are not intended to modify the scope and/or
definitions of the present disclosure and/or claims.

[0037] Although the present disclosure herein has been described with
reference to particular embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and applications of the
present disclosure.

[0038] It is intended that the specification and examples be considered as
exemplary only, with a true scope of the disclosure being indicated by the
following claims.
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CLAIMS

1. A lithium-based solid state battery (10) comprising a stack of cells
(12), each cell (12) comprising a positive electrode (14), a negative electrode
(16) and a solid electrolyte (18) disposed between the positive electrode (14)
and the negative electrode (16), the lithium-based solid state battery (10)
comprising a container (22), the stack of cells being enclosed in the container
(22) and the lithium-based solid state battery (10) comprising sulfur (24)
attached to the container (22).

2. The lithium-based solid state battery (10) according to claim 1,
wherein the sulfur (24) is attached to the container with a binder.

3. The lithium-based solid state battery (10) according to claim 2,
wherein the binder is polyvinylidene fluoride.

4. The lithium-based solid state battery (10) according to any of claims
1-3, wherein the sulfur (24) is in a layer shape.

5. The lithium-base solid state battery (10) according to claim 4,
wherein the thickness of the layer of sulfur is comprised between 0,001 mm
and 10 mm, preferably between 0,01 mm and 1 mm.

6. The lithium-base solid state battery (10) according to claim 4 or 5,
wherein the surface area of the layer of sulfur is comprised between 1 % and
100 % of the container inner surface, preferably between 10 % and 100 %.
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