HU000035276T2
R
19 HU (1) Lajstromszam: E 035 276 (13 T2
! MAGYARORSZAG
\\\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 14 702222 6N Int.cl.:  HOTM 10/0569 (2006.01)
(22) A bejelentés napja: 2014. 01. 28. HO1M 6/16 (2006.01)
HO1M 10/0567 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: HO1M 4/485 (2006.01)
EP 20140702222 HO1M 10/0525 (2006.01)
(97) Az eurdpai bejelentés kdzzétételi adatai:
EP 2951877 A1 2014. 08. 07. (86) A nemzetkdzi (PCT) bejelentési szam:
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai: PCT/EP 14/051564
EP 2951877 B1 2017. 09. 06. (87) A nemzetkdzi kdzzétételi szam:
WO 14118138
(30) Elsébbségi adatok: (73) Jogosult(ak):
201301921 2013. 02. 04. GB Leclanché S.A., 1400 Yverdon-les-Bains (CH)
(72) Feltalalo(k):
BUQA, Hilmi, CH-5036 Oberentfelden (CH) (74) Képvisel6:
PETTINGER, Karl-Heinz, 85748 Garching (DE) SBGK Szabadalmi Ugyvivéi Iroda, Budapest
HOLZAPFEL, Michael, 76532 Baden-Baden (DE)
BLANC, Pierre, CH-1110 Morges (CH)

(54) Elektrolit készitmény elektrokémiai cellakhoz

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




(19)

Eurcpiisches
Patentarni

Eurcpean
Patent Office

Office européen

des brevats (11) EP 2 951 877 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: HO1M 1010569 (201001 HO1M 1010525 (2010-0%)
06.09.2017 Bulletin 2017/36 HO1M 6/16 (2096.07) HO1M 41485 (201007

HO1M 10/0567 (2070.07)
(21) Application number: 14702222.2
(86) International application number:
(22) Date of filing: 28.01.2014 PCT/EP2014/051564
(87) International publication number:
WO 2014/118138 (07.08.2014 Gazette 2014/32)

(54) ELECTROLYTE COMPOSITION FOR ELECTROCHEMICAL CELLS
ELEKTROLYTZUSAMMENSETZUNG FUR ELEKTROCHEMISCHE ZELLEN
COMPOSITION ELECTROLYTIQUE POUR CELLULES ELECTROCHIMIQUES

(84)

(30)

(43)

(73)

Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 04.02.2013 GB 201301921

Date of publication of application:
09.12.2015 Bulletin 2015/50

Proprietor: Leclanché S.A.

* HOLZAPFEL, Michael
76532 Baden-Baden (DE)
* BLANC, Pierre
CH-1110 Morges (CH)

(74) Representative: Sonnenberg, Fred

24IP Law Group
Sonnenberg Fortmann
Patent- und Rechtsanwalte
Postfach 33 08 65

80068 Miinchen (DE)

EP 2 951 877 B1

1400 Yverdon-les-Bains (CH)
(56) References cited:
(72) Inventors: US-A- 4489145 US-A1-2008 318 123
¢ BUQA, Hilmi

CH-5036 Oberentfelden (CH)
* PETTINGER, Karl-Heinz

85748 Garching (DE)

Remarks:
Thefile contains technical information submitted after
the application was filed and not included in this
specification

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 951 877 B1 2

Description

[0001] The field of the invention relates to an electro-
chemical cell electrolyte, an electrochemical cell com-
prising this electrochemical cell electrolyte, a method for
manufacturing an electrochemical cell and use of the
electrochemical cell electrolyte and the electrochemical
cell as described in the respective independent claims.

Background of the invention

[0002] Beyond consumer electronics, Li-ion batteries
are growing in popularity for stationary applications as
storage of renewable energy, grid levelling, large hybrid
diesel engines, military, hybrid electric vehicles (HEV-s),
and aerospace applications due to their high energy den-
sity.

[0003] The electrolyte is a critical component in elec-
trochemical cells as it allows its functioning by ion con-
duction for charge equilibration at charge/discharge. The
electrolyte is thermodynamically not stable at the anode
and cathode surface in the charged state of the battery.
A lithium-ion battery can only function correctly as there
is a solid electrolyte interface (SEI) formed on the surface
of the graphite anode which permits Li+-conduction while
keeping the electrolyte from diffusing to the anode sur-
face. On the surface of the cathode there is a SEl formed,
too, which is, however, less well investigated.

[0004] Lithium titanate (LTO, Li4Ti5012) can be used
as an alternative anode material instead of graphite. It
allows obtaining very safe lithium batteries that will not
catchfire or explode in case of a thermal problem or short
circuit. Lithium titanate cells also show a very high cal-
endar and cycle life time. This is due to several reasons.
Oneofthesereasonsisthatonly a very thin SElisformed,
or even none at all. The electrolyte is generally consid-
ered stable at the working potential of a lithium titanate
anode, but this is questionable regarding the findings de-
scribed below.

[0005] Lithium-ion batteries show a significant gas ev-
olution during the first cycle (the so-called formation cy-
cle). This gas evolution is due to the SEI formation on
the graphite anode. Once the SEI is formed no gas will
be evolved during further cycling. This is due to the fact
that potential reduction of traces of electrolyte on the
graphite surface generally creates solid or liquid products
that are dissolved in the electrolyte or deposited infon
the SEI. But no gases evolve which could accumulate.
[0006] The situation is different in cells containing a
lithium titanate anode. Here a very slight reaction occurs
on continuous cycling in the course of which gaseous
products evolve, these are only slightly soluble in the
electrolyte and, thus, accumulate. These gases are most-
ly hydrogen, CO, CxHy, CO2. They can form an internal
pressure in a cell with a hard case or swelling in the case
of a pouch cell. Both phenomena are undesirable and
can lead to safety problems and limited cycling stability,
respectively. The problem of gas evolutionincreases with
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the size and capacity of the cell.

[0007] The exact mechanism for the evolution of these
gasses is not exactly known, but it is believed that elec-
trolyte solvents are reduced by Ti3+ ions on the surface
of the lithium titanate in a catalytic mechanism. This is
backed by the fact that gassing is increased when the
titanate is fully charged and also for higher temperatures
(easier diffusion of the solvent, faster reaction) (Y. Qin,
Z. Chen, |. Belharouak, and K. Amine (PI): "Mechanism
of LTO Gassing and potential solutions", Argonne Na-
tional Laboratory, 2011 DOE Annual Peer Review Meet-
ing Poster). In the course of this reduction hydrogen at-
oms are split off and yield hydrogen gas. Typically, all
electrolytes contain ethylene carbonate. The ethylene
carbonate molecule can be expected to yield also CO2,
CO and ethylene as gaseous reaction products, which
are effectively found in the gas mixture evolved. Dimethyl
carbonate, following, this mechanism, could evolve CO,
CO2 and methane upon catalytic reduction on the sur-
face of lithium titanate. Following the proposed reaction
mechanism (Y. Qin, Z.Chen, |. Belharouak, and K. Amine
(PI): "Mechanism of LTO Gassing and potential solu-
tions", Argonne National Laboratory, 2011 DOE Annual
Peer Review Meeting Poster) it is not clear if dimethyl
carbonate could generate hydrogen.

[0008] It has also been shown that the amount of gas
evolved depends on the salt component of the electro-
lyte. For example, by using LiBF4, less gas evolves com-
pared with LiPF6. However, the reason for this phenom-
enon is unclear (Y. Qin, Z. Chen, and K. Amine: "Func-
tionalized Surface Modification agents to Suppress Gas-
sing Issue of Li4Ti5012-based Lithium-lon Chemistry”,
Argonne National Laboratory, FY 2011 Annual Progress
Report, 321-324).

[0009] Different approaches are known in the state of
the art to reduce the gassing of lithium titanate based
lithium batteries:

1.) One approach is the use of a formation cycle with
a higher potential. By using this method the potential
of the lithium titanate anode is pushed below 1.0 V
and the formation of an SEI on the titanate surface
is forced. During continued cycling, thus, the direct
contact between electrolyte solvent and titanate sur-
face is reduced.

2.) A further approach involves the use of additives
in the electrolyte that form a SEI, as vinylene car-
bonate (VC), propane sultone (PS). Thus, an SEl is
formed, and the direct contact between electrolyte
solvent and titanate surface is reduced.

3.) Yet another approach would be the modification
of the LTO surface by adding functional additives
which react directly with the LTO.

[0010] One example of these approaches is the patent
US 7875395 B2. This document discloses gas reduction
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in an electrochemical cell by using vinylene carbonate
as an electrolyte additive with possible addition of 1,3-
propane sultone at the time of initial charge/discharge.
The use of cyclic carbonates other than vinylene carbon-
ate as well as linear carbonates is also disclosed.
[0011] Zhang et al. ("Develop Electrolyte Additives
(ANL)", Argonne National Laboratory, FY 2011 Annual
Progress Report, 359-363) also use electrolyte additives
as an efficient method to improve the cell performance
and safety properties without significantly changing the
electrolyte composition. However, they favour additives
which promote formation of an SEI.

[0012] Qin et al. ("Functionalized Surface Modification
agents to Suppress Gassing Issue of Li4Ti5012-based
Lithium-lon Chemistry", see above) proposed surface
modification of LTO by a chlorosilane additive, leading
to significant gas reduction.

[0013] Allthese approaches, however, suffer from side
effects: Regarding the first and second approach, a thick
SElincreases the ohmicresistance in the cell and lowers
the cycling efficiency. And with respect to the second and
third approach, propane sultone is carcinogenic and the
modification of the LTO surface can lead to higher ohmic
resistance and less cycling stability.

[0014] Inagaki et al. (JP 4159954B2, same family as
US 2005/0064282 A1 and US 7,910,247 B2) disclose a
negative electrode comprising an electrode current col-
lector and a negative electrode layer on one or both sides
of the collector. The electrode layer in turn contains an
electrode active material (for example, LTO) and an elec-
tronic conductor. The electronic conductorincludes a car-
bonaceous material with a specific d-spacing and a spe-
cific crystallite size. The electrode active material has an
electrode working potential which is at least 1 V nobler
than a lithium electrode potential. This specific composi-
tion leads to less gas evolution even if a protective film
is not formed. However, the "less gas evolution" is based
on the use of the carbonaceous material in the electronic
conductor. The electrode active material, e. g. LTO,
would still give rise to gas evolution.

[0015] JP 4284232 B2 deals with a secondary battery
with high temperature cycle characteristics which is
equipped with an outer jacket material. Amongst others,
a negative electrode is housed in the outer jacket material
with a negative active material having a potential nobler
than 1.0 V than the lithium electrode potential and with
a negative electrode conductor using a nonstochiometric
titanium oxide. There is a separator between the negative
and the positive electrode. The titanium oxide in this cell,
however, gives rise to the assumption that gas evolution
will occur in a cell according to this disclosure.

[0016] US 2005/0221170 A1 (other family members
are JP 4667071 B2 and KR 102006044479 A) discloses
a secondary battery wherein the negative electrode con-
tains a conductive agent and a negative electrode active
material comprising lithium titanium oxide. The conduc-
tive agent comprises graphitized vapour grown carbon
fibre with a specific lattice constant. This assembly pre-

10

15

20

25

30

35

40

45

50

55

vents degradation of the secondary battery. There should
be no surface film formed on the graphitized vapour
grown carbon fibre or on the titanium oxide. However, as
titanium oxide is used in this cell it is very likely that gas
evolution can be observed.

[0017] The use of cyclic ethers, such as dioxolane or
tetrahydrofuran, as solvent for electrolytic solutions is
widely known from the prior art, as described for example
in US 2008/318123 A1 or US 4 489 145 A.

Obiject of the Invention

[0018] The problem to be solved by the presentinven-
tion is the provision of an electrochemical cell electrolyte
which reduces gas evolution in an electrochemical cell
and which allows safe performance of the cell with high
cycling stability and efficiency.

[0019] This problem is solved by the features as con-
tained in the independent patent claims, with advanta-
geous embodiments being described by the features as
contained in the dependent patent claims.

Description of the Invention

[0020] Provided is an electrochemical cell electrolyte
comprising an electrolyte salt, an electrolyte solvent and
an electrolyte additive wherein the electrolyte solvent is
selected from cyclic ethers and additionally comprises
linear carbonates.

[0021] The electrochemical cell electrolyte is intended
for use in an electrochemical cell. An electrochemical cell
(or battery) within the meaning of the present disclosure
may be a primary cell or a secondary cell (i. e. an accu-
mulator).

[0022] The cyclic ethers may be selected from the
group comprising tetrahydrofuran (THF) and 2-methyl-
tetrahydrofuran (2-Me-THF).

[0023] It is also intended that the electrolyte solvent
may additionally comprise linear carbonates.

[0024] Thelinearcarbonates may be selected from the
group comprising dimethyl carbonates (DMC), diethyl
carbonate (DEC) and ethyl methyl carbonate (EMC).
[0025] The electrolyte salt may be selected from the
group comprising lithium perchlorate (LiCIO4), lithium
hexafluorophosphate (LiPF8), lithium tetrafluoroborate
(LiBF4), lithium hexafluoroarsenate (LiAsF6), lithium
hexafluoroantimonate (LiSbF6), lithium trifluorometh-
anesulfonate (LICF3S03), lithium bis[(trifluorome-
thyl)sulfonyl]imide (LN(CF3S02)2), lithium bis[(pen-
tafluoroethyl)sulfonyl]limide (LIN(C2F5802)2), lithium
bisoxalatoborate (LIBOB), lithium difluorooxalatoborate
(LIdFOB), lithium trifluoro tris(pentafluoroethyl)phos-
phate  (LiIFAP) and lithium tetraphenylborate
(Li(CB6H5)4B).

[0026] Surprisingly, an electrochemical cell electrolyte
according to the present invention reduces gas evolution
in an electrochemical cell. Reduction of gas evolution
means that less gases which are mostly hydrogen, CO,
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CxHy or CO2 evolve within the electrochemical cell. Typ-
ically, all electrolytes used at present contain ethylene
carbonate. An electrochemical cell electrolyte according
to the present invention, however, comprises an electro-
lyte solvent selected from cyclic ethers. The electrolyte
solvent is, thus, free of organic carbonates such as eth-
ylene carbonate (EC), propylene carbonate (PC) and vi-
nylene carbonate (VC). The electrolyte solvent may ad-
ditionally comprise linear carbonates such as dimethyl
carbonates (DMC), diethyl carbonate (DEC) or ethyl me-
thyl carbonate (EMC) as stated above.

[0027] It was completely unexpected that an electro-
lyte solvent free of organic carbonates reduces the gas
evolution in the electrochemical cell. Specifically if y-Bu-
tyrolactone (GBL) is used, the gas evolution is reduced
drastically. In the case of GBL electrolyte, LiPF6 cannot
be used as electrolyte salt, as a very thick SEl is formed
that increases very much the internal resistance and,
thus, hinders the battery from functioning correctly. LiBF4
is used as electrolyte salt instead. The reason for the
massivereductionin gassingis notknown. Itcan be spec-
ulated, however, that the charge distribution in the mol-
ecule could be responsible: all hydrogen atoms in ethyl-
ene carbonate are attached to O-bearing C atoms and
bear, thus, a considerably negative partial charge. In
GBL, only the hydrogen on the y-C atom bears a com-
parably positive charge. The other hydrogen atoms are
not attached to C atoms that are directly linked to oxygen
and, thus, bear a less positive partial charge. As a con-
sequence, the proposed reaction mechanism as de-
scribed above for an anode material such as LTO could
be thought to work much less well in this case as one H
atom would react less well with Ti3+. Thus, the catalytic
reduction employing Ti3+-ions of the surface of the LTO
would be influenced.

[0028] Reduced gassing in electrochemical cells is ad-
vantageous because it can lead to less swelling of the
cells, increased cooling efficiency, increased safety of
the cells (gas can contain alarge proportion of hydrogen,
which can create a safety risk when liberated) and a high-
er cycle life of the cells. Thus, performance and safety
of the electrochemical cell are enhanced. Less swelling
of the cell due to gas evolution results in less changes
of the thickness of the cell. As a consequence, such a
cell needs less space in a housing or battery module and
cooling of the cellwithin the housing or the battery module
will be easier.

[0029] The electrolyte additive may represent up to 5
% of the electrochemical cell electrolyte.

[0030] The electrolyte additive may be selected from
the group comprising vinylene carbonate, vinyl ethylene
carbonate, propane sultone, N-containing heterocycles
and aminated aromatic compounds.

[0031] The use of electrolyte additives such as vi-
nylene carbonate, vinyl ethylene carbonate or propane
sultone may lead to an SEI formation and thereby to a
further reduction of gassing.

[0032] The N-containing heterocycles may be selected
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from the group comprising pyrrole, 2-methyl-1-pyrroline,
1-methylpyrroline, 1-vinyl-2-pyrrolidinone, pyridine, 2-pi-
coline, 3-picoline, 4-picoline, 2-vinylpyridine, 4-vinylpyri-
dine, dimethyl-pyridine-amine (DMPA), boran-pyridine-
complex and mixtures thereof. The N-containing hetero-
cycles may lead to a further reduction of gassing.
[0033] The aminated aromatic compounds may be se-
lected from the group comprising aniline, toluidine, diphe-
nylamine, naphtylamine, alkylanilines and dialky-
lanilines. The aminated aromatic compounds may also
lead to a further reduction of gassing.

[0034] A person skilled in the art is aware of the con-
centrations which are suitable for the electrolyte salt, the
electrolyte solvent and the electrolyte additive as part of
the electrochemical cell electrolyte. The person skilled in
the art also knows suitable ratios for mixtures of the elec-
trolyte solvents. One example for an electrolyte solvent
with an electrolyte salt and an electrolyte additive is y-
Butyrolactone (GBL) with 1M LiBF4 and 1% vinylene car-
bonate.

[0035] The electrochemical cell electrolyte of the
present disclosure may be used with any type of electro-
chemical cells and a person skilled in the art may adapt
the properties of the electrochemical cell electrolyte to
different applications, i. e. to the size and material of the
electrochemical cells used.

[0036] An electrochemical cell comprising the electro-
chemical cell electrolyte as disclosed above, an anode,
a cathode and a separator is also provided.

[0037] The anode may be of a material comprising
Li4Ti5012, Li2Ti307, LixTiO2, TiO2, TiO2(OH)x and
mixtures thereof.

[0038] Thus, the electrochemical cell may be a lithium
titanate based electrochemical cell.

[0039] The anode material may additionally be coated
with carbon.
[0040] The anode material may also be a mixture of

the anode material as disclosed above and carbona-
ceous material, and the carbonaceous material may be
selected from the group comprising graphite, hard car-
bon, amorphous carbon, carbon-containing core-shell
material and silicon containing material.

[0041] The anode of the electrochemical cell may be
cast from a slurry containing organic solvent or water as
solvent.

[0042] The cathode may be of a material comprising
LiCoO2, LiNiO2, LiNi1-x-yCoxMnyO2,  LiNi1-x-
yCoxAlyO2, LiMn204, LiM2-xMn4-yO4, LiMPO4,

wherein M comprises Fe, Mn, Co or Ni, LIAyMxPO4,
wherein A comprises B, P, Si, Ti, Zr, Hf, Cr, Mo or W,
and mixtures thereof.

[0043] The cathode material may additionally be coat-
ed with carbon, oxides or phosphates.

[0044] The cathode of the electrochemical cell may be
cast from a slurry containing organic solvent or water as
solvent.

[0045] The separator may comprise ceramic and/or
glass particles, such as ceramic lithium aluminium tita-



7 EP 2 951 877 B1 8

nium phosphate. The advantage is that soft shorts in the
cell are avoided or delocalized on the single (ceramic
and/or glass) particles.

[0046] The invention is, however, not limited to the
above materials and any electrode or separator material
known can be used with the present disclosure.

[0047] A methodfor manufacturing an electrochemical
cell is provided, wherein the method comprises the fol-
lowing steps:

- providing at least one anode, at least one cathode
and at least one separator between the at least one
anode and the at least one cathode; and

- filling an electrochemical cell electrolyte between the
anode and the cathode, wherein the electrochemical
cell electrolyte comprises an electrolyte salt, an elec-
trolyte solvent and an electrolyte additive wherein
the electrolyte solvent is selected from cyclic ethers
and additionally comprises linear carbonates.

[0048] It is to be understood that the electrochemical
cell is filled in such a way that the electrochemical cell
electrolyte is in contact with the anode and the cathode.
[0049] Any electrochemical cell electrolyte as dis-
closed above may be employed.

[0050] The steps of providing the at least one anode,
the at least one cathode and the at least one separator
may comprise laminating the at least one anode, the at
least one cathode and the at least one separator to each
other.

[0051] A use of an electrochemical cell electrolyte as
disclosed above in an electrochemical cell comprising an
anode, wherein the anode material is selected from the
group comprising Li4Ti5012, Li2Ti307, LixTiO2, TiO2,
TiO2(OH)x and mixtures thereof, is also provided.
[0052] A use of an electrochemical cell as disclosed
above in consumer electronics, stationary applications
as storage of renewable energy, grid levelling, large hy-
brid diesel engines, military, hybrid electric vehicles
(HEV-s), and aerospace applications, is also provided.
It is to be understood that the present disclosure also
comprises any other suitable application. The applica-
tions may depend on the size and the energy density of
the electrochemical cell. Small- and large-scale electro-
chemical cells are comprised by the present disclosure.
[0053] Consumer electronics within the meaning of
present disclosure comprises but is not limited to elec-
tronic equipment intended for everyday use, for example
in entertainment, communications and office productivi-
ty. Electronic equipment comprises but is not limited to
personal computers, telephones, MP3 players, audio
equipment, televisions, calculators, GPS automotive
electronics, digital cameras and players and recorders
using video media such as DVDs, VCRs or camcorders.
[0054] Theinvention willnow be described onthe basis
of the embodiments and the figures. It will be understood
that the embodiments and aspects of the invention de-
scribed herein are only examples and do not limit the
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protective scope of the claims in any way. The invention
is defined by the claims and their equivalents. It will be
understood that features of one aspect or embodiment
of the invention can be combined with a feature of a dif-
ferent aspect or aspects and/or embodiments of the in-
vention.

Summary of the Figure

[0055] Fig. 1 Comparison of gassing between three
electrochemical cells with different electrochemical cell
electrolytes.

Examples

Example 1: Manufacture of electrochemical cells

[0056] The manufacture of electrochemical cells for
use with an electrochemical cell electrolyte according to
the invention is exemplified. 16Ah pouch cells with a lith-
ium titanate anode (Li4Ti5012) and a NCA cathode (lith-
ium nickel cobalt aluminium oxide LiNi1-x-yCoxAlyO2)
serve as an example.

[0057] The cells are made from laminated bicells, con-
taining one anode and a cathode on either side of the
anode, laminated together by a ceramic separator. The
separator is made of a porous polymer foil that contains
a high amount of ceramic lithium aluminium titanium
phosphate.

[0058] The electrodes are made by the following way:

1) anode: a slurry containing active material, con-
ductive additive, binder and a solvent is cast on a
copper or aluminium foil. The foil is then dried. The
same action is repeated on the other side of the cop-
per or aluminium foil. The foil is then calendered.
The solvent can be water or acetone.

2) cathode: a slurry containing active material, con-
ductive additive, binder and a solvent is cast on an
aluminium foil. The foil is then dried and calandered.
The solvent can be water or acetone.

[0059] The bicells are made the following way: Sepa-
rator foil is laminated on both sides of the anode and then
cathode foils are laminated on both sides of the an-
ode/separator assembly.

[0060] The bicells are then stacked, A1 and Cu tabs
are welded on the current collector foils, the stacks put
in pouches, filled with electrolyte and sealed. The sealed
cells are then tempered, submitted to a formation cycle,
aged and evacuated. Different electrolytes are used.

Example 2: Measurement of gassing

(Reference Example)

[0061] Electrochemical cells manufactured as de-
scribed above have been employed for gassing experi-
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ments. The gassing experiments are conducted as fol-
lows:

[0062] The volume of the fresh cell is measured. The
cells are then put in an oven at 50°C and kept at 2,7V,
i.e. in the fully charged state. This is to force the gassing
of titanate. It is known that gassing of titanate is heavier
in the charged state and at elevated temperatures. In
regular intervals the cell is taken from the oven and the
cell volume is measured again. The difference in volume
is reported in the graphs (see below).

[0063] Figure 1 shows the exemplary application of the
measurement of gassing:

[0064] Three cells are compared. All cells have been
produced the same way, except the electrolyte filling.
One cell uses EC/PC (1:3) and 1M LiPF6; the second
cell uses EC/PC (1:3), 1M LiPF6 and 2% VC; and the
third cell uses y-Butyrolactone (GBL), 1M LiBF4 and 1%
VC as electrochemical cell electrolyte.

[0065] It can be seen that the gassing of the electro-
chemical cell is drastically reduced if the electrolyte is
changed from EC/PC / 1M LiPF6 to GBL / LiBF4 / 1%
VC. The effect of VC alone is negligible as a comparison
between EC/PC /1M LiPF6 and EC/PC/ 1M LIPF6 /2%
VC shows. GBL / LiPF6 cannot be used as GBL / LiPF6
forms a very thick SEI on the anode and thus the cells
would not function correctly. The direct comparison of
EC/PC / 1M LiPF6 and GBL / LiBF4 can, thus, not be
done.

Claims

1. An electrochemical cell electrolyte comprising an
electrolyte salt, an electrolyte solvent and an elec-
trolyte additive wherein the electrolyte solvent is se-
lected from cyclic ethers and additionally comprises
linear carbonates.

2. The electrochemical cell electrolyte according to
claim 1, wherein the cyclic ethers are selected from
the group comprising tetrahydrofuran (THF) and 2-
methyltetrahydrofuran (2-Me-THF).

3. The electrochemical cell electrolyte according to
claim 1 or 2, wherein the linear carbonates are se-
lected from the group comprising dimethyl carbon-
ates (DMC), diethyl carbonate (DEC) and ethyl me-
thyl carbonate (EMC).

4. The electrochemical cell electrolyte according to any
of the preceding claims, wherein the electrolyte salt
is selected from the group comprising lithium per-
chlorate (LiCIO,), lithium hexaflucrophosphate
(LiPFg), lithium tetrafluoroborate (LiBF,), lithium
hexafluoroarsenate (LiAsFg), lithium hexafluoroan-
timonate (LiSbFg), lithium trifluoromethanesulfonate
(LICF3S03), lithium bis[(trifluoromethyl)sulfonyl]imi-
de (LN(CF3S0,),), lithium bis[(pentafluoroethyl)sul-

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

fonyllimide (LIN(C,F580,),), lithium bisoxalatobo-
rate (LIBOB), lithium difluorooxalatoborate (Lid-
FOB), lithium trifluoro tris(pentafluoroethyl)phos-
phate (LIFAP) and lithium tetraphenylborate
(Li(CgH5)4B).

The electrochemical cell electrolyte according to any
of the preceding claims, wherein the electrolyte ad-
ditive represents up to 5 % of the electrochemical
cell electrolyte.

The electrochemical cell electrolyte according to any
of the preceding claims, wherein the electrolyte ad-
ditive is selected from the group comprising vinylene
carbonate, vinyl ethylene carbonate, propane sul-
tone, N-containing heterocycles and aminated aro-
matic compounds.

The electrochemical cell electrolyte according to
claim 6, wherein the N-containing heterocycles are
selected from the group comprising pyrrole, 2-me-
thyl-1-pyrroline, 1-methylpyrroline, 1-vinyl-2-pyrro-
lidinone, pyridine, 2-picoline, 3- picoline, 4-picoline,
2-vinylpyridine, 4-vinylpyridine, dimethyl-pyridine-
amine (DMPA), boran-pyridine-complex and mix-
tures thereof.

The electrochemical cell electrolyte according to
claim 6, wherein the aminated aromatic compounds
are selected from the group comprising aniline, tolu-
idine, diphenylamine, naphtylamine, alkylanilines
and dialkylanilines.

An electrochemical cell comprising the electrochem-
ical cell electrolyte according to any of the preceding
claims, an anode, a cathode and a separator.

The electrochemical cellaccording to claim 9, where-
in the anode is of a material comprising LigTi5O45,
LioTisO7, Li,TiOy, TiO,, TiO5(OH), and mixtures
thereof.

The electrochemical cell according to claim 10,
wherein the anode material is additionally coated
with carbon.

The electrochemical cell according to claim 10 or 11,
wherein the anode material is a mixture of the anode
material according to claims 10 or 11 and carbona-
ceous material, wherein the carbonaceous material
is selected from the group comprising graphite, hard
carbon, amorphous carbon, carbon-containing core-
shell material and silicon containing material.

The electrochemical cell according to any of claims
9 to 12, wherein the cathode is of a material com-
prising  LiCoO,,  LiNiO,,  LiNiy,,Co,Mn,Oo,
LiNiq_yyCo,Al,Op, LiMn,Oy,, LiMo Mny Oy,
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LiIMPO,, wherein M comprises Fe, Mn, Co or Ni,
LiAyMXPO4, wherein A comprises B, P, Si, Ti, Zr, Hf,
Cr, Mo or W, and mixtures thereof.

The electrochemical cell according to claim 13,
wherein the cathode material is additionally coated
with carbon, oxides or phosphates.

The electrochemical cell according to any of claims
9 to 14, wherein the separator comprises ceramic
and/or glass particles, such as ceramic lithium alu-
minium titanium phosphate.

A method for manufacturing an electrochemical cell,
the method comprising the following steps:

- providing at least one anode, at least one cath-
ode and at least one separator between the at
least one anode and the at least one cathode;
and

- filling an electrochemical cell electrolyte be-
tween the anode and the cathode, wherein the
electrochemical cell electrolyte comprises an
electrolyte salt, an electrolyte solvent and an
electrolyte additive wherein the electrolyte sol-
vent is selected from cyclic ethers and addition-
ally comprises linear carbonates.

The method according to claim 16, wherein the elec-
trochemical cell electrolyte is an electrochemical cell
electrolyte according to any of claims 2 to 8.

The method according to claim 16 or 17, wherein the
steps of providing the at least one anode, the atleast
one cathode and the atleast one separator comprise
laminating the at least one anode, the at least one
cathode and the at least one separator to each other.

Auseofan electrochemical cell electrolyte according
to any of claims 1 to 8 in an electrochemical cell
comprising an anode, wherein the anode material is
selected from the group comprising LisTisOyo,
Li;Ti3O7, LiyTiO,, TiO,, TiO5(OH), and mixtures
thereof.

A use of an electrochemical cell according to any of
claims 9 to 15 in consumer electronics, stationary
applications as storage of renewable energy, grid
levelling, large hybrid diesel engines, military, hybrid
electric vehicles (HEV-s), and aerospace applica-
tions.

Patentanspriiche

1.

Ein elektrochemischer Zellelektrolyt, umfassend ein
Elektrolytsalz, ein Elektrolytldsungsmittel und ein
Elektrolytadditiv, wobei das Elektrolytldsungsmittel
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aus cyclischen Ethern ausgewabhlt ist und zusatzlich
lineare Carbonate enthalt.

Der elektrochemische Zellelektrolyt nach Anspruch
1, wobei die cyclischen Ether ausgewahlt sind aus
der Gruppe umfassend Tetrahydrofuran (THF) und
2-Methyltetrahydrofuran (2-Me-THF).

Der elektrochemische Zellelektrolyt nach Anspruch
1 oder 2, wobei die linearen Carbonate ausgewahlt
sind aus der Gruppe umfassend Dimethylcarbonat
(DMC), Diethylcarbonat (DEC) und Ethylmethylcar-
bonat (EMV).

Der elektrochemische Zellelektrolyt nach einem der
vorhergehenden Anspriiche, wobei das Elektrolyt-
salz ausgewahlt ist aus der gruppe umfassend Lithi-
umperchlorate (LiCIO,), Lithiumhexafluorophos-
phat (LiPFg), Lithiumtetrafluoroborat (LiBF,), Lithi-
umhexafluoroarsenat (LiAsFg), Lithiumhexafluoro-
antimonat (LiSbFg), Lithiumtrifluoromethanesulfo-
nat (LICF3SQ3), Lithium-bis[(trifluoromethyl)sulfo-
nyl]limid (LIN(CF3S0,),), Lithium-bis[(pentaflucroe-
thyl)sulfonyllimid (LIN(C,F5SO,),), Lithiumbis(oxa-
lato)borat (LiBOB), Lithium-difluorooxalatoborat
(LidFOB), Lithiumtrifluoro-tris(pentafluoroe-
thyl)phosphat (LiFAP) und Lithiumtetraphenylborat
(Li(CgH5)4B).

Der elektrochemische Zellelektrolyt nach einem der
vorhergehenden Anspriche, wobei das Elektro-
lytadditiv bis zu 5% des elektrochemischen Zellelek-
trolyten darstellt.

Der elektrochemische Zellelektrolyt nach einem der
vorhergehenden Anspriche, wobei das Elektro-
lytadditiv ausgewahlt ist aus der Gruppe umfassend
Vinylencarbonat, Vinylethylencarbonat, Propansul-
ton, N-haltige Heterocyclen und aminierte aromati-
sche Verbindungen.

Der elektrochemische Zellelektrolyt nach Anspruch
6, wobei die N-haltigen Heterozyklen ausgewahlt
sind aus der Gruppe umfassend Pyrrol, 2-Methyl-1-
pyrrolin, 1-Methylpyrrolin, 1-Vinyl-2-pyrrolidinon,
Pyridin, 2-Picolin, 3 - Picolin, 4-Picolin, 2-Vinylpyri-
din, 4-Vinylpyridin, Dimethyl-pyridin-amin (DMPA),
Bor-Pyridin-Komplex und Mischungen davon.

Der elektrochemische Zellelektrolyt nach Anspruch
6, wobeidie aminierten aromatischen Verbindungen
ausgewahlt sind aus der Gruppe umfassend Anilin,
Toluidin, Diphenylamin, Naphtylamin, Alkylaniline
und Dialkylaniline.

Eine elektrochemische Zelle, umfassend den elek-
trochemischen Zellelektrolyten nach einem der vor-
hergehenden Anspriche, eine Anode, eine Kathode
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und einen Separator.

Die elektrochemische Zelle nach Anspruch 9, wobei
die Anode aus einem Material besteht, das
LiyTisOy4p, LisTigO5, LiyTiO,, TiOy, TiO5(OH), und
Mischungen davon umfasst.

Elektrochemische Zelle nach Anspruch 10, wobei
das Anodenmaterial zusatzlich mit Kohlenstoff be-
schichtet ist.

Die elektrochemische Zelle nach Anspruch 10 oder
11, wobei das Anodenmaterial ein Gemisch aus dem
Anodenmaterial nach Anspruch 10 oder 11 und koh-
lenstoffhaltigem Material ist, wobei das kohlenstoff-
haltige Material ausgewahlt ist aus der Gruppe um-
fassend Graphit, harter Kohlenstoff, amorpher Koh-
lenstoff, Kohlenstoff -haltiges Kern-Schale-Material
und Silicium enthaltendes Material.

Die elektrochemische Zelle nach einem der Anspri-
che 9 bis 12, wobei die Kathode aus einem Material
besteht, das LiCoO,, LiNiO,, LiNi1X_yCoXMny02,
LiNi1_X_yCoXAIy02, LiMn,Oy, LiM2_XMn4_yO4,
LiIMPO,, wherein M comprises Fe, Mn, Co or Ni,
LiAyMXPO4 umfasst, wobei A B, P, Si, Ti, Zr, Hf, Cr,
Mo oder W und Mischungen davon umfasst.

Die elektrochemische Zelle nach Anspruch 13, wo-
beidas Kathodenmaterial zusatzlich mit Kohlenstoff,
Oxiden oder Phosphaten beschichtet ist.

Die elektrochemische Zelle nach einem der Anspri-
che 9 bis 14, wobei der Separator Keramik- und/oder
Glaspartikel, wie keramisches Lithiumaluminiumti-
tanphosphat, umfasst.

Ein Verfahren zur Herstellung einer elektrochemi-
schen Zelle, wobei das Verfahren die folgenden
Schritte umfasst:

- Bereitstellen mindestens einer Anode, mindes-
tens einer Kathode und mindestens eines Se-
parators zwischen der mindestens einen Anode
und der mindestens einen Kathode; und

- Flllen eines elektrochemischen Zellelektroly-
ten zwischen Anode und Kathode, wobei der
elektrochemische Zellelektrolyt ein Elektrolyt-
salz, ein Elektrolytldsungsmittel und ein Elektro-
lytadditiv umfasst, wobei das Elektrolytlésungs-
mittel aus cyclischen Ethern ausgewahlt ist und
zusatzlich lineare Carbonate enthalt.

Das Verfahren nach Anspruch 16, wobei der elek-
trochemische Zellelektrolyt ein elektrochemischer

Zellelektrolyt nach einem der Anspriiche 2 bis 8 ist.

Das Verfahren nach Anspruch 16 oder 17, wobeidie
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20.

14

Schritte des Bereitstellens der mindestens einen An-
ode, der mindestens einen Kathode und des min-
destens einen Separators das Laminieren der min-
destens einen Anode, der mindestens einen Katho-
de und des mindestens einen Separators aneinan-
der umfasst.

Eine Verwendung eines elektrochemischen Zelle-
lektrolyten nach einem der Anspriiche 1 bis 8 in einer
elektrochemischen Zelle, die eine Anode umfasst,
wobei das Anodenmaterial ausgewahlt ist aus der
Gruppe umfassend LiyTizO4p, LisTisO5, Li TiO,,
TiO,, TiO,(OH), und Mischungen davon.

Eine Verwendung einer elektrochemischen Zelle
nach einem der Anspriiche 9 bis 15 in der Unterhal-
tungselektronik, stationaren Anwendungen als Spei-
cherung von erneuerbarer Energie, Gitternivellie-
rung, grolien Hybrid-Dieselmotoren, Militar-, Hybrid-
Elektrofahrzeugen (HEV-s) und Luft- und Raum-
fahrtanwendungen.

Revendications

Electrolyte cellulaire électrochimique comprenant
un sel d’électrolyte, un solvantd’électrolyte et un ad-
ditif d’électrolyte, dans lequel le solvant d’électrolyte
est choisi parmi les éthers cycliques et comprend en
outre des carbonates linéaires.

Electrolyte cellulaire électrochimique selon la reven-
dication 1, dans lequel les éthers cycliques sont choi-
sis dans le groupe comprenant tétrahydrofurane
(THF) et 2-méthyltétrahydrofurane (2-Me-THF).

Electrolyte cellulaire électrochimique selon la reven-
dication 1 ou 2, dans lequel les carbonates linéaires
sont choisis dans le groupe comprenant carbonate
de diméthyle (DMC), carbonate de diéthyle (DEC)
et carbonate d’éthyle méthyle (EMC).

Electrolyte cellulaire électrochimique selon l'une
quelconque des revendications précédentes, dans
lequel le sel d’électrolyte est choisi dans le groupe
comprenant perchlorate de lithium (LiClO,), hexa-
fluorophosphate de lithium (LiPFg), tétrafluoroborate
de lithium (LiBF,), hexafluoroarsenate de lithium
(LiAsFg), hexafluoroantimonate de lithium (LiSbFg),
trifluorométhanesulfonate de lithium (LiICF3SO53),
bis[(trifluoromethyl)sulfonyl]imide de lithium
(LIN(CF380,),), bis[(pentafluoroéthyl)sulfonyl]imi-
de de lithium (LIN(C,FgSO,),), bisoxalatoborate de
lithium (LiIBOB), difluorooxalatoborate de lithium (Li-
dFOB), trifluoro tris(pentafluoroethyl)phosphate de
lithium (LiFAP) et tétraphénylborate de lithium
(Li(CgH5)4B).
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Electrolyte cellulaire électrochimique selon l'une
quelconque des revendications précédentes, dans
lequel I'additif d’électrolyte représente jusqu’a 5 %
de 'électrolyte cellulaire électrochimique.

Electrolyte cellulaire électrochimique selon l'une
quelconque des revendications précédentes, dans
lequel 'additif d’électrolyte est choisi dans le groupe
comprenant carbonate de vinyléne, carbonate de vi-
nyle éthyléne, propane sultone, hétérocycles conte-
nant N et composés aromatiques aminés.

Electrolyte cellulaire électrochimique selon lareven-
dication 6, dans lequel les hétérocycles contenant
N sont choisis dans le groupe comprenant pyrrole,
2-methyl-1-pyrroline, 1-methylpyrroline, 1-vinyl-2-
pyrrolidinone, pyridine, 2-picoline, 3-picoline, 4-pico-
line, 2-vinylpyridine, 4-vinylpyridine, diméthyle-pyri-
dine-amine (DMPA), complexe pyridine borane et
mélanges de ceux-ci.

Electrolyte cellulaire électrochimique selon lareven-
dication 6, dans lequel les composés aromatiques
aminés sont choisis dans le groupe comprenant ani-
line, toluidine, diphénylamine, naphtylamine, alkyla-
nilines et dialkylanilines.

Cellule électrochimique comprenant un électrolyte
cellulaire électrochimique selon l'une quelconque
desrevendications précédentes, une anode, uneca-
thode et un séparateur.

Cellule électrochimique selon la revendication 9,
dans laquelle 'anode est dans un matériau compre-
nant LiyTisOy, LiyTizO5, LiyTiO,, TiOy, TiO45(OH)
et un mélange de ceux-ci.

X

Cellule électrochimique selon la revendication 10,
dans laquelle le matériau d’anode estenoutrerevétu
de carbone.

Cellule électrochimique selon la revendication 10 ou
11, dans laquelle le matériau d’anode est un mélan-
ge du matériau d’anode selon la revendication 10 ou
11 etde matériau carboné, le matériau carboné étant
choisi dans le groupe comprenant graphite, carbone
dur, carbone amorphe, matériau coeur-coquille
comprenant du carbone et matériau comprenant du
silicium.

Cellule électrochimique selon 'une quelconque des
revendications 9 a 12, dans laquelle la cathode est
faite d’'un matériau comprenant LiCoO,, LiNiO,,
LiNi1_X_yCoXMny02, LiNi1_X_yCoXAIy02, LiMn,Oy,
LiMpxMny Oy, LIMPOy, dans laquelle M comprend
Fe, Mn, Co ou Ni, LiAyMXPO4, dans laquelle A com-
prend B, P, Si, Ti, Zr, Hf, Cr, Mo ou W, et mélanges
de ceux-ci..
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20.

Cellule électrochimique selon la revendication 13,
dans laquelle le matériau de cathode est en outre
revétu de carbone, oxydes ou phosphates.

Cellule électrochimique selon 'une quelconque des
revendications 9 a 14, dans laquelle le séparateur
comprend des particules de céramique et/ou verres,
telle que lithium aluminium titane phosphate cérami-
que.

Procédé de fabrication d’'une cellule, le procédé
comprenant les étapes suivantes :

- Fournir au moins une anode, au moins une
cathode et au moins un séparateur entre la au
moins une anode et la au moins une cathode ; et
- Remplir avec un électrolyte cellulaire électro-
chimique entre 'anode et la cathode, I'électro-
lyte cellulaire électrochimique comprenant un
sel d’électrolyte, un solvant d’électrolyte et un
additif d’électrolyte, dans lequel le solvant
d’électrolyte est choisi parmi les éthers cycli-
ques et comprend en outre des carbonates li-
néaires.

Procédé selon la revendication 16, dans lequel
I’électrolyte cellulaire électrochimique estun électro-
lyte cellulaire selon 'une quelconque des revendi-
cations 2 a 8.

Procédé selon larevendication 16 ou 17, dans lequel
I’étape de fournir la au moins une anode, la au moins
une cathode et le au moins un séparateur comprend
I’étape de laminer les uns sur les autres la au moins
une anode, la au moins une cathode et le au moins
un séparateur.

Utilisation d’un électrolyte cellulaire électrochimique
selon I'une quelconque des revendications 1 to 8
dans une cellule électrochimique comprenant une
anode, le matériau d’anode étant choisidans le grou-
pe comprenant LiTi5O¢5, LisTisO4, Li,TiO,, TiO,,
TiOy(OH), et un mélange de ceux-ci.

Utilisation d’une cellule électrochimique selon l'une
quelconque des revendications 9 to 15 dans 'élec-
tronique grand public, des applications stationnaires
comme stockage d’énergie renouvelable, nivelle-
ment de grille, grands moteurs diesel hybrides, ap-
plications militaires, véhicules électriques hybrides
(HEV-s) et applications aérospatiales.
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