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ABSTRACT

The invention relates to an electrolyte, comprising at least one
lithium salt, a solvent, and at least one compound according to
general formula (1). The invention further relates to lithium-
based energy stores comprising such an electrolyte.
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ELECTROLYTE FOR LITHIUM-BASED
ENERGY STORES

TECHNICAL FIELD

[0001] The invention relates to an electrolyte that is par-
ticularly well-suited for lithium-based energy stores and
comprises at least one lithium salt and one solvent.

BACKGROUND

[0002] Because of their energy and performance density,
lithium ion batteries are popular energy stores particularly for
uses in portable electronic devices. Lithium ion batteries
comprise two electrodes which are spatially separated from
one another by a separator whereby the lithium ions are
reversibly intercalated or deintercalated into the electrodes.
In particular, rechargeable lithium ion batteries (secondary
batteries) or lithium ion storage batteries distinguish them-
selves by a high energy density, are thermally stable and are
not subjected to a memory effect. Conventional lithium ion
storage batteries use an anode made of carbon, usually graph-
ite. The positive electrode usually has stable lithium transition
compounds, for example lithium iron phosphate (LFP),
lithium cobalt dioxide, lithium nickel dioxide, lithium nickel
cobalt manganese oxide or lithium nickel cobalt aluminum
oxide. The charge transport takes place via an electrolyte, the
electrolyte containing a lithium salt dissolved in a solvent.
The prior art discloses different electrolytes and conductive
salts. Frequently used conductive lithium salts are, for
example, lithium hexafluorophosphate (LiPF6), lithium per-
chlorate (LiC104) or lithium borate salts.

[0003] Good electrolytes distinguish themselves by a good
heat stability and good SEI (Solid Electrolyte Interphase)-
forming properties. The so-called Solid Electrolyte Inter-
phase is formed during the first charging process as an inter-
phase at the interface between the electrolyte and the
electrode. On graphite anodes in this case, a reductive decom-
position of the electrolyte takes place, and the reaction prod-
ucts of the electrolyte reduction can form an adhering and
electronically insulating but lithium ion conducting film on
the anode. The Solid Electrolyte Interphase then prevents the
electrode materials from reacting chemically with the elec-
trolytes and protects the electrolytes from further reductive
decomposition and the anode from destruction by the solvent.
Especially when graphite anodes are used, the formation of a
dense and adhering film is needed for a reliable operation of
a lithium ion battery.

[0004] Some electrolytes, however, frequently show disad-
vantages in terms of the formation of the Solid Electrolyte
Interphase. Propylene carbonate, for example, forms no Solid
Electrolyte Interphase. Without the formation ofa Solid Elec-
trolyte Interphase, however, a graphite anode is destroyed by
cointercalation of the propylene carbonate.

SUMMARY

[0005] One object of the present disclosure is therefore to
provide an electrolyte which overcomes at least one of the
aforesaid disadvantages of the prior art. In particular, one
object of the present disclosure is to provide an electrolyte
that favors the formation of a Solid Electrolyte Interphase.
[0006] This object is achieved by an electrolyte containing
at least one lithium salt, a solvent and at least one compound
of general formula (1) shown hereinbelow.
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wherein

[0007] X is selected from the group containing F, Cl, Br
and/or I;

[0008] R'ishydrogen or a C1-6 aliphatic, unsubstituted or
simply or multiply substituted with at least one substituent
selected from the group containing F, Cl, Br, I, C, _,-alkyl,
carbonyl oxygen and/or C,_,-alkoxy;

[0009] R?is a C,_s-aliphatic optionally simply or multiply
substituted with at least one substituent selected from the
group containing F, Cl, Br, I, C,_,-alkyl, carbonyl oxygen
and/or C,_,-alkoxy;
where R and R*X are not simultaneously CF5; or

[0010] R'andR?form simultaneously a saturated 5-mem-
ber or 6-member ring which can be simply or multiply
substituted with at least one substituent selected from the
group containing F, Cl, Br, I, C,_,-alkyl, carbonyl oxygen
and/or C,_,-alkoxy.

[0011] Other advantageous embodiments of the disclosure

are indicated in the subclaims.

[0012] Surprisingly, it has been found that a compound of

general formula (1) makes it possible to form a Solid Elec-

trolyte Interphase very efficiently. By the use of a compound
of general formula (1) in electrolytes, it is, in particular,
possible to use as the main solvent for lithium-based energy
stores solvents which by themselves do not form a Solid

Electrolyte Interphase such as propylene carbonate.

[0013] Particularly advantageous may be that the com-

pounds according to general formula (1) can contribute to the

formation of a very stable Solid Electrolyte Interphase which
over the entire duration of cyclization can protect graphite
anodes from an exfoliation, an irreversible decomposition of
the graphite structure. An additional advantage may be that

the decomposition of the compounds of general formula (1)

takes place clearly before the intercalation of lithium so that

the formation of a stable Solid Electrolyte Interphase can take
place before lithium is intercalated. This, in particular, allows
the manufacture of long-life rechargeable batteries.

[0014] In one advantageous manner, compared to known

electrolytes, an electrolyte of the disclosure can moreover

lead to a low irreversible loss of capacity in the formation of

a battery and to a high cyclization efficiency.

[0015] Without being based on any particular theory, it is

assumed that the halogenation and particularly the fluorina-

tion in the alpha-position relative to the carbonyl group may
be essential for the advantageous properties of the com-
pounds.

[0016] By the term “C, 4-aliphatic” in the sense of the

present disclosure are to be understood aliphatic, acyclic,

saturated or unsaturated, branched or unbranched carbon
groups with 1 to 6 carbon atoms. These can be unsubstituted
or singly or multiply substituted.

[0017] The compounds of general formula (1) preferably

contain saturated R and R? groups in this case. The R! and

R?X groups are thus not simultaneously CF; so that perfluo-

roacetone, or 1,1,1,3,3,3-hexafluoro-2-propanone according

to the ITUPAC nomenclature, is excluded, as it is not suitable
for the formation of'a Solid Electrolyte Interphase. Moreover,

perfluoroacetone is a gas and thus cannot be added as a
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solvent. The compounds of the disclosure are preferably not
perhalogenated or perfluorinated.
[0018] The R' and R* groups are preferably linear or
branched C,-Cs-alkyl, C,-Cs-alkenyl or C,-Cs-alkinyl
groups.
[0019] Inpreferred embodiments, R' is a linear or branched
C,-Cs-alkyl, C,-Cs-alkenyl or C,-Cs-alkinyl, either unsub-
stituted or substituted with one or more equal or different
substituents selected from among the group containing F, Cl,
Br, I, C,_,-alkyl, carbonyl oxygen and/or C, _,-alkoxy.
[0020] In further preferred embodiments, R?> is a
—CR?R*— group wherein
[0021] R?is selected from a group containing hydrogen
and/or a linear or branched C,-C,-alkyl, C,-C,-alkenyl
or C,-C,-alkinyl which can be unsubstituted or substi-
tuted with one or more equal or different substituents
selected from a group comprising F, Cl, Br, I, C,_,-alkyl,
carbonyl oxygen and/or C,_,-alkoxy, and
[0022] R*is selected from the group containing H, F, Cl,
Br, I and/or linear or branched C,-C,-alkyl, C,-C,-alk-
enyl or C,-C,-alkinyl which are unsubstituted or can be
substituted with one or more equal or different substitu-
ents selected from the group containing F, Cl, Br, 1,
C,_4-alkyl, carbonyl oxygen and/or C, ,-alkoxy.
[0023] Preferably, R' and R* are concurrently linear or
branched C,-C;- or C,-C,-alkyl, -alkenyl or -alkinyl groups.
[0024] In preferred embodiments, at least one compound
has the following general formula (2):

@

(€]
R4
R! X
R3
wherein
[0025] X is selected from the group containing F, Cl, Br
and/or I,

[0026] R'is selected from the group containing hydro-

gen and/or linear or branched

[0027] C,-Cs-alkyl, C,-Cs-alkenyl or C,-Cs-alkinyl
which are unsubstituted or substituted with one or more
equal or different substituents selected from the group
containing F, Cl, Br, I, C, ,-alkyl, carbonyl oxygen and/
or C, _,-alkoxy;

[0028] R?is selected from the group containing hydro-
gen and/or linear or branched C,-C,-alkyl, C,-C,-alk-
enyl or C,-C,-alkinyl which are unsubstituted or are
substituted with one or more equal or different substitu-
ents selected from the group containing F, Cl, Br, 1,
C, _4-alkyl, carbonyl oxygen and/or C,_,-alkoxy;

[0029] R*is selected from the group containing H, F, CI,
Br, I and/or linear or branched C,-C,-alkyl, C,-C,-alk-
enyl or C,-C,-alkinyl which are unsubstituted or are
substituted with one or more equal or different substitu-
ents selected from the group containing F, Cl, Br, 1,
C,_4-alkyl, carbonyl oxygen and/or C, _,-alkoxy.

[0030] In one advantageous manner, in particular, a com-
pound of general formula (2) can allow a very efficient for-
mation of a Solid Electrolyte Interphase in electrolytes. It
may be of special advantage that compounds of general for-
mula (2) can contribute to the formation of a very stable Solid
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Electrolyte Interphase capable of protecting from an exfolia-
tion over the entire cyclization time and from an irreversible
destruction of the graphite structure. It is also advantageous
that the decomposition of the compounds according to gen-
eral formula (2) takes place clearly before the intercalation
potential of lithium, whereby a stable Solid Electrolyte Inter-
phase can be formed before lithium is intercalated. This, in
particular, allows the manufacture of long-life rechargeable
batteries.

[0031] The substituent X is a halogen selected from the
group containing F, Cl, Br, and/or 1. Said substituent is pref-
erably a halogen selected from among F and/or Cl. In pre-
ferred embodiments, X is fluorine. In one advantageous man-
ner, a fluorinated compound of general formula (2) in
particular can be used to create an efficient Solid Electrolyte
Interphase.

[0032] The term “C,-Cs-alkyl” means, if not otherwise
indicated, straight-chain or branched alkyl groups with 1 to 5
carbon atoms. The terms “C,-Cs-alkenyl” and “C,-Cs-alki-
nyl” mean, if not otherwise indicated, straight-chain or
branched alkenyl- or alkinyl groups with 2 to 5 carbon atoms
and at least one double bond or triple bond. Acyclic groups are
preferred.

[0033] C,-C,-alkyl groups are preferred. If not otherwise
indicated, preferred C,-C,-alkyl groups are straight-chain or
branched alkyl groups with 1 to 4 carbon atoms preferably
selected from the group containing methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, pentyl, isopentyl and/or neopentyl.
Preferred C,-C,-alkenyl groups are selected from the group
containing  ethenyl and/or  propenyl containing
—CH,CH—CH,, —CH—CH—CH; and —C(—CH,)—
CH;. Preferred C,-C,-alkinyl groups are selected from the
group containing ethinyl and/or propinyl containing —CH—
C=CH and —C=C—CH,;.

[0034] The alkyl, alkenyl or alkinyl groups can be unsub-
stituted or simply or multiply substituted, for example dou-
bly, triply or quadruply substituted. To this end, the alkyl,
alkeny] or alkinyl groups can be multiply substituted on dif-
ferent as well as on the same carbon atoms.

[0035] The alkyl, alkenyl or alkinyl groups are preferably
unsubstituted or are preferably substituted with one or more
identical or different substituents selected from the group
containing F, Cl, Br, I and/or C,_,-alkyl. Alkyl, alkenyl and
alkinyl groups can also be substituted with carbonyl oxygen
and/or C,_,-alkoxy, but substitution without oxygen is pre-
ferred.

[0036] Preferred are alkyl, alkenyl and alkinyl groups that
are unsubstituted or are substituted with one or several equal
or different substituents from the group containing F, CI and/
or C, ,-alkyl. Alkyl, alkenyl and alkiny] group are preferably
unsubstituted or are substituted with one or more F and/or Cl.
When X is fluorine the R*, R® and R* groups can also be
substituted with chlorine. Preferably, however, the R*, R* and
R* groups are substituted with fluorine or with fluorine and
chlorine.

[0037] R!is preferably hydrogen or a linear or branched
unsubstituted or simply or multiply substituted group with
F-substituted C,-C;-alkyl. Fluorinated compounds, in par-
ticular, can form a good Solid Electrolyte Interphase.

[0038] With particular preference, R* stands for unsubsti-
tuted or simply or multiply, particularly doubly, triply or
quadruply, substituted C,-C,-alkyl. In preferred embodi-
ments, R* is selected from the group containing CH,, CH,F,
CHF,, CF,, C,Hs, C,H,F, C,H,F,, C,H,F;, C,HF and/or
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C,F; preferably selected from the group containing CHj,
CH,F, CHF, and/or CFj;. In one advantageous manner, small
alkyl groups lead to compounds of general formula (1) or (2)
which can contribute to an efficient formation of a Solid
Electrolyte Interphase.

[0039] R*is preferably selected from the group containing
hydrogen, fluorine and/or linear or branched, unsubstituted or
simply or multiply fluorine-substituted C,-C,-alkyl. R* pref-
erably stands for hydrogen and/or fluorine. Also preferably,
R* stands for unsubstituted or simply or multiply, particularly
doubly, triply or quadruply, fluorine-substituted C,-C,-alkyl.
Particularly preferably, R* is selected from the group contain-
ing CH;, CH,F, CHF, and/or CF;.

[0040] R? is preferably selected from the group containing
hydrogen and/or linear or branched, unsubstituted or simply
or multiply fluorine-substituted C,-C,-alkyl. R® preferably
stands for hydrogen. R* does not stand for fluorine of halogen.
Further preferred, R? stands for unsubstituted or simply or
multiply, especially doubly, triply or quadruply, fluorine-sub-
stituted C,-C,-alkyl. R? is particularly preferably selected
from the group containing CH;, CH,F, CHF, and/or CF;.

[0041] In preferred embodiments, in a compound of gen-
eral formula (2), R' stands for hydrogen or a linear or
branched unsubstituted or simply or multiply F-substituted
C,-C,-alkyl, R? is selected from the group containing H and/
or a linear or branched, unsubstituted or simply or multiply
F-substituted C,-C,-alkyl, and R* is selected from the group
containing H, F and/or a linear of branched unsubstituted or
simply or multiply F-substituted C,-C,-alkyl.

[0042] In preferred embodiments, in a compound of the
general formula (2), R* is selected from the group containing
CH,, CH,F, CHF,, CF,, C,H,, C,H,F, C,H,F,, C,H,F;,
C,HF, and/or C,Fj, preferably selected from the group con-
taining CH,, CH,F, CHF, and/or CF,, and R* is selected from
the group containing hydrogen, fluorine and/or a linear or
branched, unsubstituted or simply or multiply fluorine-sub-
stituted C, -C,-alkyl, preferably selected from the group con-
taining CH;, CH,, F, CHF, and/or CF,, and R? is selected
from the group containing hydrogen and/or a linear or
branched, unsubstituted or simply or multiply fluorine-sub-
stituted C, -C,-alkyl, preferably selected from the group con-
taining CH,;, CH,, F, CHF, and/or CF;.

[0043] Inpreferred embodiments in a compound of general
formula (1):

[0044] X is selected from the group containing F, Cl, Br
and/or I,

[0045] R'is selected from the group containing H, CH,,
CH,F, CHF,, CF;, C,H;, C,H,F, C,H,F,, C,H,F; and/
or C,HF, and preferably from the group containing
CH,;, CH,F, CHF, and/or CFj;

[0046] R?is a —CRR*— group wherein:

[0047] R? is selected from the group containing H,
CH,;, CH,F, CHF, and/or CF;, and

[0048] R*is selected from the group containing H, F,
CH;, CH,F and/or CHF,, or

[0049] R'and R?together form a saturated 5- or 6-mem-
bered ring with R* being hydrogen.

[0050] Itis assumed that the halogenation and particularly
the fluorination in the alpha-position relative to the carbonyl

group may be essential for the advantageous properties of the
compounds which can be cyclic or not cyclic.
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[0051]

pound:

[0052] X s selected from the group containing F, Cl, Br
and/or I,

[0053] R'is selected from the group containing H, CH,,
CH,F, CHF,, CF,, C,H,, C,H,F, C,H,F,, C,H,F; and/
or C,HF, and preferably from the group containing
CH,;, CH,F, CHF, and/or CFj;

[0054] R?is a—CR*R*— group wherein:

[0055] R? is selected from the group containing H,

CH;, CH,F, CHF, and/or CF;, and
[0056] R*is selected from the group containing H, F,
CH;, CH,F and/or CHF,.

[0057] In preferred embodiments, in a cyclic compound
according to general formula (1), X is selected from the group
containing F, Cl, Br and/or I and R* and R? together form a
saturated 5- or 6-membered ring. According to general for-
mula (2) wherein R? is formed by a —CR>*R*-group, R* and
R? together form the saturated 5- or 6-membered ring wherein
R*is hydrogen. Preferably, the ring formed by R' and R* or by
R! and R? has no substituents other than X.
[0058] Preferably, X is fluorine. Fluorinated compounds in
particular can form a good Solid Electrolyte Interphase. R* is
preferably selected from the group containing CH;, CH,F,
CHF,, CF,,C,Hs, C,H,F, C,H,F,, C,H,F, and/or C,HF,, R"
is preferably selected from the group containing C,Hs,
C,H,F, C,H,F,, C,H,F; and/or C,HF,. Particularly prefer-
ably, R! is selected from the group containing CH,, CH,F,
CHF, and/or CF, and preferably from the group containing
CH,, CH,F and/or CHF,,.
[0059] The compounds according to the disclosure are
preferably not perhalogenated or perfluorinated compounds.
Perhalogenated and particularly perfluorinated compounds
usually have a lower boiling point and higher melting point
than less fluorinated compounds so that the latter are better
manageable. When R and R® are CF,, R* is then preferably
not fluorine, or when R? is CF, and R* is fluorine, R" is then
preferably not CF,. Preferably, R? is chosen from the group
containing H, CH;, CH,F and/or CHF,.
[0060] In preferred embodiments, in a compound accord-
ing to general formula (1):

[0061] XisF,

[0062] R'is selected from the group containing H, CH,,
CH,F, CHF,, CF;, C,H;, C,H,F, C,H,F,, C,H,F; and/
or C,HF,, preferably selected from the group containing
CH,;, CH,F, CHF, and/or CFj;

In preferred embodiments, in a non-cyclic com-

[0063] R?is a—CR*R*— group wherein:
[0064] R?is hydrogen, and
[0065] R*is selected from the group containing H, F,

CH;, CH,F and/or CHF,.

[0066] Fluorinated compounds in particular can form a
good Solid Electrolyte Interphase.

[0067] R1 is preferably selected from the group containing
CH,, CH,F, CHF,, CF;, C,Hs, C,HF, C,H,F,, C,H,F; and/
or C,HF,.R" is preferably selected from the group containing
C,Hs, C,H,F, C,H,F,, C,H,F; and/or C,HF,. Particularly
preferably, R! is selected from the group containing CHs,
CH,F, CHF, and/or CF; and preferably from the one contain-
ing CH;, CH,F and/or CHF,.

[0068] Inpreferred embodiments, the compound according
to general formula (1) is selected from the group containing
CF;—C(0O)—CHF,, CF;—C(0O)—CH,F, CHF,—C(O)—
CHF,, CF;—C(0)—CH,, CH,F—C(0O)—CHF,, CHF,—C
(0O)—CH,;, ¢ and/or CH,F—C(O)—CHj;. Particularly pre-
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ferred is the compound according to general formula (1) or (2)
selected from CH,F—C(O)—CH,F and/or CHF,. Especially
preferred is the compound according to the general formula
(1) CF;—C(O)—CH,F, i.e., fluoro-2-propanone or fluoroac-
etone.

[0069] Inone advantageous manner, an electrolyte contain-
ing fluoroacetone can show a high cycle stability in the for-
mation of an SEL In particular, an early decomposition of the
fluoro-acetone and the formation of SEI may be a definite
advantage over the known SEI. Moreover, an electrolyte con-
taining fluoroacetone can show very good properties also at
high discharge rates.

[0070] Alternatively, R' and R together can form a satu-
rated 5- or 6-membered ring which can be substituted simply
or multiply with at least one substituent selected from the
group consisting of F, Cl, Br, I, C, _,-alkyl, carbonyl oxygen
and/or C,_,-alkoxy. Preferably, a ring formed by R* and R>
shows no substituents beyond X.

[0071] In preferred alternative embodiments, the com-
pound according to general formula (1) is selected from the
group of compounds that include those having the following
formulas (3) or (4):

(©)

Q)

[0072] X canbe selected from the group consisting of F, Cl,
Br and/or 1. Preferably, X is fluorine.

[0073] The compounds of general formula (1) are available
commercially or can be prepared by standard methods known
to experts in the art.

[0074] The electrolyte according to the disclosure contains
a solvent besides at least one lithium salt and at least one
compound of general formula (1). The solvent preferably
serves as solvent for the lithium salt.

[0075] The electrolyte is preferably an essentially water-
free organic, fluidizing or liquid electrolyte. The solvent is
preferably an aprotic solvent. Suitable aprotic solvents are,
for example, selected from the group consisting of cyclic
carbonates, preferably ethylene carbonate (EC) and/or pro-
pylene carbonate (PC), linear carbonates, preferably diethyl
carbonate (DEC), dimethyl carbonate (DMC) and/or ethyl
methyl carbonate (EMC), nitriles, preferably acetonitrile
(AN), dinitriles, preferably glutaronitrile (GLN), adiponitrile
(AND) and/or pimelonitrile (PIN) and/or lactones, preferably
gamma-butyrolactone (GBL) and/or gamma-valerolactone
(GVL).

[0076] In a preferred embodiment, the solvent is an aprotic
solvent selected from the group consisting of propylene car-
bonate, ethylene carbonate, diethyl carbonate, dimethyl car-
bonate, ethyl methyl carbonate, acetonitrile, glutaronitrile,
adiponitrile, pimelonitrile, gamma-butyrolactone and/or
gamma-valerolactone.

Jun. 5, 2014

[0077] A particularly preferred aprotic solvent is propylene
carbonate. According to the [UPAC nomenclature, propylene
carbonate is also known as 4-methyl-1,3-dioxol-2-one. Pro-
pylene carbonate is commercially available and can be
obtained, for example, as a by-product of the synthesis of
polypropylene carbonate from propylene oxide and carbon
dioxide. In one advantage, propylene carbonate has a high
boiling point, a high flash point and a low melting point.
Another advantage of propylene carbonate is that it imparts a
high conductivity and a high salt dissociation.

[0078] In one advantage, when compounds of general for-
mula (1) comprising an electrolyte containing propylene car-
bonate as solvent are used, a comparable reversibility, com-
parable long-term stability and an equally efficient SEI
formation are achieved as with known electrolytes which
without the addition of other compounds can form a Solid
Electrolyte Interphase. Such a comparable reversibility, com-
parable long-term stability and efficient SEI formation cannot
be achieved with electrolytes containing propylene carbonate
but not a compound of general formula (1).

[0079] Moreover, because of its higher boiling point and
lower melting point, propylene carbonate provide a higher
heat stability and thus an increased efficiency over batteries
and accumulators containing the usual aprotic electrolytes.
Also, the safety risk is reduced because the flammability of
electrolytes containing propylene carbonate is lower than that
of conventional electrolytes. Moreover, propylene carbonate
is easily manageable, because it is liquid at room temperature.

[0080] Another preferred aprotic solvent is ethylene car-
bonate. According to the [IUPAC nomenclature, ethylene car-
bonate is also known as 1,3-dioxolane-2-one. Ethylene car-
bonate is commercially available. In one advantage, ethylene
carbonate has a high boiling point and a high flash point. Asa
further advantage, ethylene carbonate also imparts a high
conductivity and high salt dissociation.

[0081] Alternatively, the electrolyte can be a gel polymer
electrolyte and/or a hybrid electrolyte. In another preferred
embodiment, the solvent is a polymer electrolyte selected, in
particular, from the group containing polyethylene oxide,
polyacrylonitrile and/or polymethyl methacrylate.

[0082] The electrolyte can also be an ionic liquid. In
another preferred embodiment, the solvent is an ionic liquid
selected from the group consisting of bis(trifftuoromethane-
sulfonyl) imide (EMUI-TFSI), N-butyl-N-methylpyrroli-
diniumbis(trifluorobis(trifluoromethanesulfonyl) imide
(PYR14-TFSI) and/or N-methyl-N-propylpyrrolidiniumbis
(trifluoromethanesulfonyl imide (PYR13TFSI).

[0083] The electrolyte of the disclosure contains, besides a
solvent and at least one compound of general formula (1),
also at least one lithium salt. The lithium salt serves prefer-
ably as a conductive salt.

[0084] Suitable lithium salts are selected, for example,
from the group consisting of LiAlCl,, LiClO,, LiBF ,, LiPF,
LiCl, LiGaCl,, LiSCN, LiAlO,, Lil, LiN(CF,S0,),,
LiCF,CF,S80;, LiCF;S80,, LiB(C4Hs), LiC4HsSO;,
LiCF,S0;, LiSO,F and/or LiO,CCF,. Preferred lithium salts
are selected from the group consisting of LiAsF, LiClO,,
LiSbF,, LiPtCl, Li(CF,)SO,, (LiTh), LiC(SO,CF,);, phos-
phate-based lithium salts, preferably LiPF,, LiPF;(CF;),
(LiFAP) and LIPF ,(C,0,) (LiTFOB), borate-based lithium
salts, preferably LiBF,,, LiB(C,0,), (LiBOB), LiBF,(C,0,)
(LiDFOB), LiB(C,0,)(C;0,) (LiMOB), Li(C,FsBF;)
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(LiFAB) and Li,B,,F,, (LiDFB),LL and lithium salts of sul-
fonyl imides, preferably LiN(SO,CF;), (LiTFSI) and LiN
(SO,C,F5), (LIBETD).

[0085] Inanother preferred embodiment, the lithium salt is
selected from the group consisting of LiPF, LiBF,,, LiAsFq,
LiSbF,, LiClO,, LiPtCly, LiN(SO,CF,), LiC(SO,CF;), and
LiSO,CF;, lithium borate salts preferably selected from
lithium bisoxalatoborate, lithium difluorooxalatoborate,
lithium difluoromalonatoborate, lithium difluoroglycola-
toborate, lithium difluorosalicylatoborate, lithium difluoro-
lactatoborate and/or lithium difluoropyrocatecholoborate,
lithium salts of sulfonyl imides, preferably of bis(trifluo-
romethanesulfonyl) imide and bis(pentafluoroethanesulfo-
nyl) imide, and/or lithium tetrafluoro(oxalate)phosphate. The
lithium salt LiPF is particularly preferred.

[0086] The lithium salt is preferably dissolved in the sol-
vent. Preferably, the concentration of the lithium salt in the
electrolyte, preferably in a mixture consisting of the solvent
and the compound of formula (1), is in the range of 20.5 M to
2.5 M, preferably in the range from =0.65 to <2 M and most
preferably in the range from =1 M to <1.5 M. In one advan-
tage, such a concentration of the lithium salt leads to an
electrolyte with good conductivity.

[0087] In preferred embodiments, a mixture of the solvent
and at least one compound of general formula (1) contains the
compound of general formula (1) in the range of 20.1 wt. %
to <15 wt. %, preferably in the range of =1.5 wt. % to <7 wt.
% and preferably in the range of =1 wt. % to <5 wt. %, relative
to the total weight of the mixture, of the least one compound
of general formula (1).

[0088] Inone advantage, an electrolyte containing =0.1 wt.
% to =15 wt. % of a compound of general formula (1),
particularly fluoroacetone, can show very good Solid Elec-
trolyte Interphase formation. Moreover, an electrolyte con-
taining =0.1 wt. % to <15 wt. % of a compound of general
formula (1), particularly fluoroacetone, can show high con-
ductivity and good salt dissociation. In a range of =1 wt. % to
=5 wt. %, in particular, very good values for conductivity and
salt dissociation are possible.

[0089] It may be preferable that in addition to a lithium salt,
a solvent, preferably propylene carbonate, and a compound of
general formula (1) the electrolyte not contain a further apro-
tic solvent, particularly no commonly used alkylene carbon-
ate such as ethylene carbonate, dimethyl carbonate or diethyl
carbonate.

[0090] In apreferred embodiment, the electrolyte contains
fluoroacetone, at least one lithium salt, preferably LiPF, and
propylene carbonate as the solvent. The electrolyte can be
prepared, for example, by adding the lithium salt to a mixture
of'the solvent and at least one compound of general formula
(1). Alternatively, the lithium salt can first be mixed with the
solvent, after which the compound of general formula (1) is
added.

[0091] It may also be preferred that the electrolyte contain
at least one additive, particularly one selected from the group
containing SEI formers, flame-proofing agents and over-
charge protection additives. The electrolyte preferably con-
tains a compound selected from the group consisting of vinyl
carbonate, fluoroethylene carbonate and/or ethylene sulfate.
[0092] Suitable SEI formers are selected, for example,
from the group containing chloroethylene carbonate, fluoro-
ethylene carbonate, vinylene carbonate (VC), vinylethylene
carbonate (VEC), ethylene sulfite (ES), ethylene sulfate, pro-
pane sulfonates, sulfites, preferably dimethyl sulfite and pro-
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pylene sulfite, a sulfate, optionally F-, CI- or Br-substituted
butyrolactones, phenylethylene carbonate, vinyl acetate and/
or trifluoropropylene carbonate. Preferred SEI formers are
selected from the group containing chloroethylene carbonate,
fluoroethylene carbonate, ethylene sulfite (ES), ethylene sul-
fate, propane sulfonate, sulfites, preferably dimethyl sulfite
and propylene sulfite, sulfates, optionally F-, Cl- or Br-sub-
stituted butyrolactones, vinyl acetate and trifltuoropropylene
carbonate, fluoroethylene carbonate and/or ethylene sulfate.
Particularly preferred SEI formers are selected from the
group consisting of vinyl carbonate, fluoroethylene carbonate
and/or ethylene sulfate.

[0093] In other embodiments, the mixture of the solvent
and at least one compound of general formula (1) contains at
least one additive, preferably one compound selected from
the group containing vinyl carbonate, fluoroethylene carbon-
ate and/or ethylene sulfate. Preferably, the mixture of the
solvent and at least one compound of general formula (1)
contains an additive in the range of 20.1 wt. % to <10 wt. %,
preferably in the range of =1.5 wt. % to <7 wt. % and prefer-
ably in the range of =1 wt. % to =5 wt. %, relative to the total
weight of the mixture.

[0094] Preferably, the electrolyte contains a total of at least
one compound of general formula (1) and other additives,
preferably compounds selected from the group consisting of
vinyl carbonate, fluoroethylene carbonate and/or ethylene
sulfate, overall in the range of =0.1 wt. % to <15 wt. %,
preferably in the range of =1.5 wt. % to <7 wt. %, preferably
in the range of 1 wt. % to <5 wt. %, based on the total weight
of the mixture of solvent, at least one compound of general
formula (1) and an additive.

[0095] The electrolyte containing a lithium salt, a solvent
and at least one compound of general formula (1) is prefer-
ably a liquid composition. A liquid composition can be a
solution or a dispersion, for example an emulsion or a sus-
pension. Preferably, the electrolyte is a liquid composition
particularly preferably in the form of a solution, particularly
an electrolyte solution. If the electrolyte is a liquid composi-
tion, preferably a solution, it is preferably virtually water-
free, particularly up to at least 99 wt. % water-tree, preferably
up to at least 99.5 wt. % water-free and particularly at least
99.99 wt. % water-free, especially at least 99.99 wt. % water-
free, always based on the total weight of the electrolyte.
[0096] Most preferably, the water content of the electrolyte
is 30 ppm and preferably 20 ppm at the most.

[0097] The electrolyte is particularly well-suited for a bat-
tery or an accumulator, particularly as an electrolyte for a
lithium ion battery or a lithium ion accumulator. In particular,
the electrolyte is well-suited for use in lithium-based energy
stores, preferably selected from the group containing lithium
batteries, lithium ion batteries, lithium ion accumulators,
lithium polymer batteries and or lithium ion condensers. The
electrolyte is also suited for use in lithium-based energy
stores that are referred to as further developments of lithium
ion accumulators, preferably selected from the group consist-
ing of lithium titanate accumulators, lithium air accumula-
tors, lithium manganese accumulators, lithium iron phos-
phate accumulators, lithium, iron manganese phosphate
accumulators, lithium iron yttrium phosphate accumulators,
lithium sulfur accumulator, lithium nickel cobalt manganese
oxide accumulator, lithium nickel cobalt aluminum oxide
accumulator and tin sulfur lithium accumulators.

[0098] Another object of the disclosure refers to lithium-
based energy stores, particularly a lithium battery, lithium ion
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battery, lithium ion accumulator, lithium polymer battery or
lithium ion condenser containing an electrolyte of the disclo-
sure.

[0099] The lithium-based energy stores are suited for all
application fields, particularly for electric vehicles including
electric hybrid vehicles such as automobiles, scooters or
bicycles, electric tools, for example electric drills, or buffer
accumulators for an uninterrupted power supply.

[0100] A further object of the disclosure relates to a vehicle
or device with at least one lithium-based energy store with an
electrolyte of the disclosure.

[0101] Another object of the disclosure concerns the use of
the following compound of general formula (1)

M

(€]
R! Jj\ R2—X
wherein
[0102] X is selected from the group consisting of F, Cl,

Br and/or I,

[0103] R'is hydrogen or a C,_s-aliphatic, unsubstituted
or simply or multiply substituted with at least one sub-
stituent selected from the group consisting of F, Cl, Br, I,
C, _4-alkyl, carbonyl oxygen, and/or C,_,-alkoxy;

[0104] R?is a C, g aliphatic optionally simply or multi-
ply substituted with at least one substituent selected
from the group consisting of F, Cl, Br, I, C,_,-alkyl,
carbonyl oxygen, and/or C, _,-alkoxy;
where R' and R*X are not simultaneously CF5; or

[0105] R'and R together form a saturated 5- or 6-mem-
bered ring which can be simply or multiply substituted
with at least one substituent selected from the group
consisting of F, Cl, Br, I, C,_,-alkyl, carbonyl oxygen,
and/or C,_,-alkoxy,

in electrolytes for primary and secondary electrochemical
lithium-based energy stores, preferably selected from the
group consisting of lithium batteries, lithium ion batteries,
lithium ion accumulators, lithium polymer batteries and/or
lithium ions condensers, particularly in a lithium ion battery
or in a lithium ion accumulator.

[0106] Preferred is the use of a compound of general for-
mula (2), as indicated in the foregoing.

[0107] In preferred embodiments is used a compound of
general formula (1) wherein:

[0108] X is selected from the group consisting of F, Cl,
Br and/or I,

[0109] R'is selected from the group consisting of H,
CH,, CH,F, CHF,, CF,, C,H;, C,H,F, C,H,F,, C,H,F,
and/or C,HF,, and preferably from the group consisting
of CH;, CH,F, CHF, and/or CF5;

[0110] R?isa —CRR*— group wherein
[0111] R?is selected from the group consisting of H,

CH,;, CH,F, CHF, and/or CF;, and
[0112] R*is selected from the group consisting of H,
F, CH,, CH,F and/or CHF,; or

[0113] R'and R?together form a saturated 5- or 6-mem-
bered ring with R* being hydrogen.

[0114] In preferred embodiments, in a non-cyclic com-
pound:

[0115] X is selected from the group consisting of F, Cl,
Br and/or I,
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[0116] R® is selected from the group consisting of H,
CH,, CH,F, CHF,, CF,, C,Hs, C,H,F, C,H,F,, C,H,F,
and/or C,HF, and preferably from the group consisting
of CH,;, CH,F, CHF, and/or CF;

[0117] R?a—CR?R*— group wherein
[0118] R?is selected from the group consisting of H,

CH,;, CH,F, CHF,, and/or CF;, and
[0119] R*is selected from the group consisting of H,
F, CH,, CH,F and/or CHF,.

[0120] In preferred embodiments, in a cyclic compound of
general formula (1), X is selected from the group consisting
of F, Cl, Br and/or I, and R and R? together form a saturated
5- or 6-membered ring. Referring to general formula (2)
wherein R? is formed by a —CR*R*— group, R* and R>
together correspondingly form the saturated 5- or 6-mem-
bered ring where R* is hydrogen. Preferably, a ring formed by
R!and R? or by R* and R? contains no substituents beyond X.
[0121] X is preferably fluorine. R! is preferably selected
from the group consisting of CH;, CH,F, CHF,, CF;, C,Hs,
C,H,F, C,H,F,, C,H,F, and/or C,HF,. Preferably, R is
selected from the group consisting of C,H;, C,H,F, C,H,F,,
C,H,F, and/or C,HF,. Most preferably, R! is selected from
the group consisting of CH,, CH,F, CHF, and/or CF;, and
preferably from the group consisting of CH;, CH,F and/or
CHF..
[0122] Preferably, no perhalogenated or perfluorinated
compounds are used. When R* and R? are CF, and R* there-
fore is preferably not fluorine, or when R? is CF, and R* is
fluorine, R is correspondingly preferably not CF,. Prefer-
ably, R? is selected from the group consisting of H, CH,,
CH,F and/or CHF,.
[0123] In preferred embodiments, a compound of general
formula (1) is used wherein:

[0124] XisF,

[0125] R' s selected from the group consisting of H,
CH,, CH,F, CHF,, CF,, C,Hs, C,H,F, C,H,F,, C,H,F,
and/or C,HF, and preferably from the group consisting
of CH,;, CH,F, CHF, and/or CF;

[0126] R?is a—CR>R*— group wherein
[0127] R?is hydrogen and
[0128] R*is selected from the group consisting of H,

F, CH,, CH,F and/or CHF,.

[0129] Preferably, R! is selected from the group consisting
of CH,, CH,F, CHF,, CF;, C,H;, C,H,F, C,H,F,, C,H,F;
and/or C,HF,,. R" is preferably selected from the group con-
sisting of C,H,, C,H,F, C,H,F,, C,H,F; and/or C,HF,. Par-
ticularly preferably, R* is selected from the group consisting
of CH,, CH,F, CHF, and/or CF;, preferably from the group
consisting of CH;, CH,F and/or CHF,.

[0130] Inpreferred embodiments, the compound of general
formula (1) used is selected from the group consisting of
CF;—C(0O)—CHF,, CF;—C(0O)—CH,F, CHF,—C(O)—
CHF,, CF,—C(0)—CH,, CH,F—C(0O)—CHF,, CHF,—C
(O)—CH,, CH,F—C(O)—CHF, and/or CH,F—C(O)—
CH,;. Preferably, the compound of general formula (1) or (2)
is selected from CH,F—C(O)—CH,F and/or CH,F—C
(O)—CHs. Particularly preferred is the compound of general
formula (1) CH;—C(O)—CH,F, known as fluoro-2-pro-
panone or fluoroacetone.

[0131] Another object of the disclosure concerns the use of
an electrolyte of the disclosure in primary and secondary
electrochemical lithium-based energy stores, preferably
selected from the group consisting of lithium batteries,
lithium ion batteries, lithium ion accumulators, lithium poly-
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mer batteries and/or lithium ion condensers, particularly in a
lithium ion battery or in a lithium ion accumulator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0132] Examples and figures illustrating the present disclo-
sure are given in the following. The figures show the follow-
ing:

[0133] FIG.1showsthe first cycle of a graphite anode when
1 M LiPF is used in the electrolyte solution B2 of the disclo-
sure containing propylene carbonate (PC), 1 wt. % of fluoro-
acetone (FA) and 1 wt. % of vinyl carbonate (VC). The
potential is plotted against the specific capacity.

[0134] FIG. 2 shows the voltammogram for the use of 1 M
LiPF in propylene carbonate as the electrolyte. The current
intensity is plotted against the potential.

[0135] FIG. 3 shows a cyclic voltammogram for the use of
1 M LiPF in the electrolyte solutions A2 of the disclosure
containing propylene carbonate (PC) and 5 wt. % of fluoro-
acetone (FA) and B2 containing propylene carbonate (PC) 1
wt. % of fluoroacetone (FA) and 1 wt. % of vinyl carbonate
(VC) and the comparison electrolyte V2 containing propy-
lene carbonate (PC) and 5 wt. % of vinyl carbonate (VC). The
current intensity is plotted against the potential.

[0136] FIG. 4 shows a cyclic voltammogram for the use of
1 M LiPF¢ in the electrolyte solutions C1 of the disclosure
containing propylene carbonate (PC), 1 wt. % of 1,3-difluo-
roacetone (DFA) and 1 wt. % of vinyl carbonate (VC), C2
containing propylene carbonate (PC), 1 wt. % of 1,3-difluo-
roacetone (DFA) and 1 wt. % of vinyl carbonate and C3
containing propylene carbonate (PC) and 5 wt. % of 1,3-
difluoroacetone (DFA). The current intensity is plotted
against the potential.

[0137] FIG. 5 shows the first cycle of a graphite anode when
1 M LiPF is used in the electrolyte solutions C1 of the
disclosure containing propylene carbonate (PC), 1 wt. % of
1,3-difluoroacetone and 1 wt. % of vinyl carbonate (VC), C2
containing propylene carbonate (PC) and 0.5 wt. % of 1,3-
difluoroacetone (DFA) and 0.5 wt. % of vinyl carbonate (VC).
The current intensity is plotted against the capacity.

DETAILED DESCRIPTION
Example 1
Determination of Conductivity
Electrolyte Solutions Used:

Electrolyte Al of the Disclosure:

[0138] A mixture of 95 wt. % of propylene carbonate
(UBE, battery grade) and 5 wt % of fluoroacetone (ABCR,
99% was used. In this mixture was dissolved 287 g/LL of
LiN(SO,CF,), (LiTFSI) (3M, battery grade) so thata 1 M
concentration of the lithium salt was obtained.

Electrolyte Solution B1 of the Disclosure

[0139] A mixture of 98 wt. % of propylene carbonate
(UBE, battery grade), 1 wt. % of fluoroacetone (ABCR, 99%)
and 1 wt % of vinyl carbonate (UBE, battery grade) was used.
In this mixture was dissolved 287 g/I. of LiN(SO,CF;),
(LiTFSI) (3M, battery grade) so that a 1 M concentration of
the lithium salt was obtained.
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Comparative Electrolyte V1

[0140] A mixture of 95 wt. % propylene carbonate (UBE,
battery grade) and 5 wt. % of vinyl carbonate (UBE, battery
grade) was used. In this mixture was dissolved 287 g/L. of
LiN(SO,CF;), (LiTFSI) (3M, battery grade) so thata 1 M
concentration of the lithium salt was obtained.

Electrolyte A2 of the Disclosure

[0141] A mixture of 95 wt. % propylene carbonate (UBE,
battery grade) and 5 wt. % of fluoroacetone (ABCR, 99%)
was used. In this mixture was dissolved 152 g/L of LiPF
(Sigma, 99.995%) so that a 1 M concentration of the lithium
salt was obtained.

Electrolyte B2 of the Disclosure

[0142] A mixture of 98 wt. % propylene carbonate (UBE,
battery grade), 1 wt. % of fluoroacetone (ABCR, 99%) and 1
wt. % of vinyl carbonate (UBE, battery grade) was used.
[0143] In this mixture was dissolved 152 g/L of LiPF,
(Sigma, 99.995%) so that a 1 M concentration of the lithium
salt was obtained.

Comparative Electrolyte V2

[0144] A mixture of 95 wt. % propylene carbonate (UBE,
battery grade) and 5 wt. % of vinyl carbonate (UBE, battery
grade) was used. In this mixture was dissolved 152 g/IL of
LiPF (Sigma, 99.995%) so that a 1 M concentration of the
lithium salt was obtained.

[0145] The conductivity of the electrolyte of the disclosure
and of the comparative electrolyte was determined by use of
a conductivity-measuring cell we ourselves developed. It
consisted of a basic polypropylene body into which were
worked in two electrodes of high-quality alloy steel, having a
diameter of 4 mm. The cell constant was determined with the
aid of a standard KCl solution. The measurements were car-
ried out in an oven (Binder) heated at 25° C. 1 M LiN
(SO,CF;), (LiTFSI) was used as the conductive salt.

[0146] The conductivity ofthe propylene carbonate solvent
with 1 M LITFSI was found to be 4.8 mS/cm. The conduc-
tivity of the electrolyte A1 of the disclosure containing 5 wt.
% of fluoroacetone and of B1 containing 1 wt. % of fluoro-
acetone and 1 wt. % of vinyl carbonate was 4.9 mS/cm and
that of the comparative electrolyte V1 was 5.0 mS/cm.
[0147] The conductivity ofthe propylene carbonate solvent
with 1 M LiPF; was found to be 6.0 mS/cm. The conductivity
of the electrolyte A2 of the disclosure containing 5 wt. % of
fluoroacetone was 6.6 mS/cm. The conductivity of the elec-
trolyte B2 containing 1 wt. % of fluoroacetone and 1 wt. % of
vinyl carbonate was 6.0 mS/cm and that of the comparative
electrolyte V2 was 6.3 mS/cm.

[0148] This shows that the electrolytes of the disclosure
have very good conductivity at 25° C. Moreover, the addition
of fluoroacetone results in a slight increase in conductivity
compared to the pure solvent.

Example 2
Determination of the Capacity
Electrolyte Solutions Used:

Electrolyte A2 of the Disclosure

[0149] A mixture of 95 wt. % of propylene carbonate
(UBE, battery grade) and 5 wt. % of fluoroacetone (ABCR,
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99%) was used. In this mixture was dissolved 152 g/, of
LiPF, (Sigma, 99.995%) so that a 1 M concentration of the
lithium salt was obtained.

Electrolyte B2 of the Disclosure

[0150] A mixture of 98 wt. % of propylene carbonate
(UBE, battery grade), 1 wt. % of fluoroacetone (ABCR, 99%)
and 1 wt. % of vinyl carbonate (UBE, battery grade) was used.
In this mixture was dissolved 152 g/I. of LiPFy (Sigma,
99.995%) so that a 1 M concentration of the lithium salt was
obtained.

Comparative Electrolyte V2

[0151] A mixture of 95 wt. % of propylene carbonate
(UBE, battery grade) and 5 wt. % of vinyl carbonate (UBE,
battery grade) was used. In this mixture was dissolved 152
g/L of LiPF (Sigma, 99.995%) so that a 1 M concentration of
the lithium salt was obtained.

[0152] Cells were prepared with the electrolyte solutions
A2 and B2 of the disclosure and the comparative electrolyte
V2 in a 3-electrode device in which the negative electrode
was a graphite electrode and the positive electrode was a
lithium-nickel-cobalt-manganese oxide (NCM) electrode.
The reference electrode was made of metallic lithium. Since
the irreversible capacity loss is affected not only by the elec-
trolytes used but also by the graphite anode, the electrodes
were made from the same batch so that the effect of the anode
could be neglected.

[0153] To determine the extent of the capacity of a battery
after a discharge compared to the initial capacity, the first
charging and the first discharging process were studied
between 0.025 V and 1.5V at a C-rate of 0.2 C. The initial
charging and discharging of a cell is also indicated as forma-
tion or as first cycle.

[0154] The irreversible capacity loss of comparative elec-
trolyte V2 amounted to 495 mAh g=! and the resulting effi-
ciency amounted to only 33.6% of the initial capacity. On the
other hand, the irreversible capacity loss of the electrolytes
A2 of the disclosure containing 5 wt. % of fluoroacetone
amounted to 161 mAh g~* and the efficiency amounted to
53% of the initial capacity. When the electrolytes B2 of the
disclosure containing 1 wt. % of fluoroacetone and 1 wt. % of
vinyl carbonate were used, the irreversible capacity loss
amounted to 117 mAh g~* and the efficiency was still 75.5%
of the initial capacity, as shown in FIG. 1.

[0155] We were able to establish that the use of 5 wt. % of
fluoroacetone in the electrolytes A2 of the disclosure clearly
improved also the efficiency of the first cycle, i.e., that the
irreversible capacity loss is clearly reduced. A further
improvement was achieved by use of the electrolytes B2 of
the disclosure containing 1 wt. % of fluoroacetone and 1 wt.
% of vinyl carbonate.

Example 3

Study of Cyclizations

[0156] The capacity loss over the number of cycles was
investigated. The same cells were used with the electrolyte
solutions A2 and B2 of the disclosure and with the compara-
tive electrolyte V2 as in Example 2.

[0157] At first, the cells were formed over three cycles at a
C-rate of 0.2 Cbetween 0.025V and 1.5 V. From the firstcycle
of this formation, the irreversible capacity (as described in
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Example 2) and the efficiency were determined. Then, all
cells were cyclized at a C rate of 1C between 0.025V and 1.5
V. In each cycle, the discharge step was followed by a “con-
stant voltage” step at which the potential was kept at 0.025V
for one hour. The cell was then recharged. These three steps
were carried out 150 times for the comparative electrolyte V2
and 200 times for each of the electrolytes A2 and B2. These
tests were carried out at room temperature (20° C.) on a cell
test station of the Maccor Company.

[0158] We were able to determine that in use of the com-
parative electrolyte V2 after 100 cycles 96% of the initial
capacity and after 150 cycles 93.6% ofthe initial capacity was
still present. In use of the electrolytes A2 ofthe disclosure and
94% of the capacity after 100 cycles, and after 150 cycles,
91% was still present, while during the use of the electrolyte
B2 of the disclosure after 100 cycles, 98.8% and after 200
cycles, 98.3% of the capacity was still present. The use of
fluoroacetone and vinyl carbonate in particular brought about
a definite improvement.

Example 4

Cyclic Voltammetry

[0159] The cyclic voltammetries were determined with a
half-cell (3 electrode cells, Swagelok®-foundation) at room
temperature (20° C.) by use of a potentiostat of the BioL.ogic
Company (VSP type). To this end, graphite electrodes were
used (all from the same batch) as working electrodes (T44,
Timcal) and lithium as counter- and reference electrodes
(Chemetall, battery grade). The electrolyte solutions A2 and
B2 of the disclosure and the comparative electrolyte V2 were
used as described in Example 2. The starting potential was
reduced potential-dynamically downto 0.025V, and from this
value, the potential was increased to 1.5 V. This process was
repeated three times (cyclically).

[0160] In the reduction of the potential, we found above a
potential of about 0.25 V an intercalation of the lithium into
the graphite layers. When this process takes place in standard
electrolytes such as ethylene carbonate/diethyl carbonate,
then several intercalation steps can be seen in the cyclic
voltammogram. If, on the other hand, one reduces the poten-
tial of cells in which propylene carbonate was used as the
electrolyte without additives, then the propylene carbonate is
cointercalated into the graphite layers and destroys the graph-
ite irreversibly.

[0161] Asshownin FIG. 2, when propylene carbonate was
used, no cyclic voltammogram could be plotted. This is
explained by the fact that the graphite-typical layer structure
was completely destroyed already at the first intercalation.
[0162] On the other hand, electrolyte solutions A2 and B2
of the disclosure received besides the propylene carbonate
also 5 wt. % of fluoroacetone or 1 wt. % of fluoroacetone and
1 wt. % of vinyl carbonate. As shown in FIG. 2, the use of
fluoroacetone prevented a cointercalation of the propylene
carbonate so that a cyclic voltammetry could be carried out.
[0163] In the cyclic voltammogram presented in FIG. 3,
besides the various intercalation steps of the graphite, the
decomposition potential of fluoroacetone and vinyl carbonate
can be recognized. Thus, vinyl carbonate decomposed above
a potential of 1 V and reached its peak around 0.65 V. The
decomposition of fluoroacetone started already at a potential
of' 1.8 V and reached its peak at 1.48 V.

[0164] If we consider the decomposition of the mixture of
propylene carbonate with 1 wt. % of fluoroacetone and 1 wt.
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% of vinyl carbonate of the electrolyte solution B2 of the
disclosure, it is conspicuous that the decomposition began
somewhat later at 1.7 V but that the peak was also attained at
1.48 V. It was established that for a mixture of 1 wt. % of vinyl
carbonate (VC) and 1 wt. % of fluoroacetone (FA), no peak
for the vinyl carbonate could be seen. From this, it may be
concluded that the decomposition of vinyl carbonate took
place at the same time as the decomposition of fluoroacetone.
Without being based on any particular theory, it is assumed
that the decomposition of fluoroacetone induced the simulta-
neous decomposition reaction of vinyl carbonate. It can be
seen, in particular, that the decomposition of vinyl carbonate
took place exclusively in the first cycle.

[0165] We were able to establish that fluoroacetone and
vinyl carbonate can form a stable SEI which can protect the
graphite from exfoliation during the entire cyclization time. It
may be particularly advantageous that if the decomposition
clearly takes place before the intercalation potential, a stable
SEI can be formed before the lithium is intercalated. The two
processes thus do not influence each other.

[0166] The early decomposition of fluoroacetone and thus
the related SEI formation may thus show a definite advantage
over the use of vinyl carbonate.

Example 5

Determination of the Capacity and Cyclization of
1,3-Difluoroacetone

[0167] The determination of the irreversible capacity in the

first cycle and of the loss of capacity over the cycle number for

1,3-difluoroacetone took place as described in Examples 2

and 3 when the following electrolytes of the disclosure were

used:

[0168] Electrolyte C1: A 1 M solution of LiFP in a mixture
of 98 wt. % of propylene carbonate (PC) and 1 wt. % each
of 1,3-difluoroacetone (DFA) and vinyl carbonate (VC).

[0169] Electrolyte C2: A 1 M solution of LiFP in a mixture
of 99 wt. % of propylene carbonate (PC) and 0.5% each of
1,3-difluoroacetone and vinyl carbonate.

[0170] Electrolyte C3: A 1 M solution of LiFP in a mixture
of 95 wt. % of propylene carbonate and 5 wt. % of 1,3-
difluoroacetone.

[0171] To this end, we used a mixture of propylene carbon-
ate (UBE, battery grade), 1,3-difluoroacetone (ABCR, 99%)
and possibly vinyl carbonate (UBE, battery grade). In this
mixture was dissolved 152 g/ of LiFP, (Sigma, 99.995%) so
that a 1 M concentration of the lithium salt was obtained. We
performed 500 charging/discharging cycles.
[0172] As shown in FIG. 4, by the use of 1,3-difluoroac-
etone in electrolyte solutions C1, C2 and C3 ofthe disclosure,
a cointercalation of the propylene carbonate can be prevented
and a cyclic voltammetry can be carried out. By contrast,
when propylene carbonate is used, no cyclic voltammogram
can be prepared. This can be explained on the basis that the
graphite-typical layer structure had already been destroyed
during the first intercalation.

[0173] In the cyclic voltammogram of FIG. 4, one can see

besides the intercalation of lithium into the graphite also the

decomposition potential of 1,3-difluoroacetone. The decom-
position of 1,3-difluoroacetone started already at a potential
of'2'V and for the electrolytes of the disclosure C1 containing

0.5 wt. % of'1,3-difluoroacetone reached a peak at 1.63 V. The

decomposition of the mixture of propylene carbonate and 1

wt. % of 1,3-difluoroacetone and 1 wt. % of vinyl carbonate
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of the electrolyte solution C1 of the disclosure reached its
peak at 1.57 V. Furthermore, we found that for a mixture of 1
wt. % of vinyl carbonate (VC) and 1 wt. % of 1,3-difluoro-
acetone, there was no peak for the vinyl carbonate, as can be
seen in FIG. 4. This indicates that the decomposition of vinyl
carbonate took place at the same time as that of 1,3-difluoro-
acetone. A similar situation was found for the electrolyte C2
of the disclosure. With a smaller amount of 0.5 wt. % of
1,3-difluoroacetone and 0.5 wt. % of vinyl carbonate, the
decomposition peak appeared at 1.52 V thus having been
further displaced to a lower potential. For the electrolytes C1,
C2 and C3 of the disclosure, the decomposition started at
nearly the same potentials.
[0174] Without being based on any particular theory, it is
assumed that the decomposition of 1,3-difluoroacetone like
that of fluoroacetone induced the simultaneous decomposi-
tion reaction of vinyl carbonate. In particular, it can be seen
that the decomposition of vinyl carbonate took place exclu-
sively in the first cycle.
[0175] We further investigated the first charging and first
discharging process between 0.025V and 1.5V atarate of 0.2
C of a battery to determine the level of capacity after dis-
charge for comparison with the initial capacity.
[0176] Asshown in FIG. 5, the irreversible capacity loss of
the electrolyte Cl of the disclosure at 160 mAh g=* and the
resulting efficiency appeared at 52% of the initial capacity.
The irreversible capacity loss of the electrolyte C2 of the
disclosure containing 0.5 wt. % of fluoroacetone and 0.5 wt.
% of vinyl carbonate appeared at 155 mAh g~ and the effi-
ciency still amounted to 60% of the initial capacity. The
irreversible capacity loss of the comparative electrolyte V2,
on the other hand, amounted to 495 mAh g~! and the resulting
efficiency was only 33.6% of the initial capacity.
[0177] We were thus able to establish that, in this embodi-
ment, the use of 0.5 wt. % of 1,3-difluoroacetone and 0.5 wt.
% of vinyl carbonate or of 1 wt. % of 1,3-difluoroacetone and
1 wt. % of vinyl carbonate clearly improved the efficiency of
the first cycle, and that the irreversible capacity loss was
clearly reduced.
[0178] Overall, we were able to establish that 1,3-difluoro-
acetone and vinyl carbonate can create a stable SEI capable of
protecting the graphite from exfoliation over the entire
cyclization time. It may be of particular advantage that when
the decomposition takes place clearly before the intercalation
potential, a stable SEI can be formed before the lithium is
intercalated. The two processes thus do not influence each
other.
[0179] The early decomposition of fluoroacetone and the
accompanying creation of the SEI thus, in this embodiment,
show a definite advantage over the use of vinyl carbonate.
1. An electrolyte containing at least one lithium salt, one
solvent and at least one compound of the following general
formula (1)

M

wherein:
X is selected from the group comprising F, Cl, Br and/or I;
R! is hydrogen or a C,_s-aliphatic group, unsubstituted or
simply or multiply substituted with at least one substitu-
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ent selected from the group comprising F, Cl, Br, 1,
C, _4-alkyl, carbonyl oxygen and/or C,_,-alkoxy;

R?is a C,_s-aliphatic group optionally simply or multiply
substituted with at least one substituent selected from
the group comprising F, Cl, Br, I, C,_,-alkyl, carbonyl
oxygen and/or C,_,-alkoxy;
wherein R* and R®X are not simultaneously CF,; or

R' and R? together form simultaneously a saturated 5- or
6-membered ring which can be simply or multiply sub-
stituted with at least one substituent selected from the
group comprising F, Cl, Br, 1, C,_,-alkyl, carbonyl oxy-
gen and/or C, _,-alkoxy.

2. The electrolyte according to claim 1, characterized in

that the at least one compound has the following general

formula (2):
R4
R! X

R3

@

wherein

X is selected from the group comprising F, Cl, Br and/or I;

R! is selected from the group comprising hydrogen and/or
linear or branched C, -C;-alkyl, C,-Cs-alkenyl or C,-Cs-
alkinyl which are unsubstituted or substituted with one
or more equal or different substituents selected from the
group comprising F, Cl, Br, 1, C,_,-alkyl, carbonyl oxy-
gen and/or C, _,-alkoxy;

R? is selected from the group comprising H and/or linear or
branched C,-C,-alkyl, C,-C,-alkenyl or C,-C,-alkinyl
which are unsubstituted or are substituted with one or
more equal or different substituents selected from the
group comprising F, Cl, Br, 1,

C, _4-alkyl, carbonyl oxygen and/or C,_,-alkoxy;

R* is selected from the group comprising H, F, Cl, Br, I
and/or linear or branched C, -C,-alkyl, C,-C,-alkenyl or
C,-C,-alkinyl which are unsubstituted or are substituted
with one or more equal or different substituents selected
from the group comprising F, Cl, Br, 1,

C,_4-alkyl, carbonyl oxygen and/or C, _,-alkoxy.

3. The electrolyte according to claim 1, characterized in

that X is fluorine.

4. The electrolyte according to claim 2, characterized in

that:

R! is selected from the group comprising hydrogen and/or
linear or branched, unsubstituted or simply or multiply
F-substituted C,-C,-alkyl preferably selected from the
group comprising CH,;, CH,F, CHF,, CF;, C,H,,
C,H,F, C,H;F,, C,H,F;, C,HF, and/or C,Fs, prefer-
ably selected from the group comprising CH;, CH,F,
CHF, and/or CFj;

R? is selected from the group comprising hydrogen and/or
linear or branched, unsubstituted or simply or multiply
F-substituted C,-C,-alkyl, preferably selected from the
group comprising CH;, CH,F, CHF, and/or CF;, and

R* is selected from the group comprising of H, F and/or
linear or branched, unsubstituted or simply or multiply
F-substituted C,-C,-alkyl, preferably selected from the
group comprising of CH,, CH,F, CHF, and/or CF;.
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5. The electrolyte according to claim 1 characterized in
that:

X is selected from the group comprising F, Cl, Br and/or I;

R! is selected from the group comprising H, CH,, CH,F,
CHF,, CF,, C,H,, C,H,F, C,H,F,, C,H,F, and/or
C,HF, and preferably from the group comprising CHj,
CH,F, CHF, and/or CFj;

R? is a —CR’R*— group wherein:

R? is selected from the group comprising H, CH,, CH,F,
CHF, and/or CF;, and

R* is selected from the group comprising H, F, CH,,
CH,F and/or CHF,, or

R! and R? together form a saturated 5- or 6-membered ring,
with R* being hydrogen.

6. The electrolyte according to claim 1 characterized in

that:

XisF;

R! is selected from the group comprising H, CH,, CH,F,
CHF,, CF,, C,H,, C,H,F, C,H,F,, C,H,F, and/or
C,HF,, preferably selected from the group comprising
CH,;, CH,F, CHF, and/or CFj;

R?is a —CR?R*— group wherein:

R? is hydrogen, and
R* is selected from the group comprising H, F, CH,,
CH,F and/or CHF,.

7. The electrolyte according to claim 1 characterized in that
the compound of general formula (1) is selected from the
group comprising CF;—C(O)—CHF,, CF;—C(O)—CH,F,
CHF,—C(0)—CHF,, CF;—C(0)—CH,, CH,F—C(O)—
CHF,, CHF,—C(0)—CH,, CH,F—C(O)—CHF, and/or
CH,F—C(0)—CHs;.

8. The electrolyte according to claim 1 characterized in that
the solvent is an aprotic solvent selected in particular from the
group comprising propylene carbonate, ethylene carbonate,
diethyl carbonate, dimethyl carbonate, ethyl methyl carbon-
ate, acetonitrile, glutaronitrile, adiponitrile, pimelonitrile,
gamma-butyrolactone and/or gamma-valerolactone, an ionic
liquid selected in particular from the group comprising of
bis(trifluoromethylsulfonyl)imide, N-butyl-N-methylpyrro-
lidinium bis(trifluoromethylsulfonyl)imide and/or N-methyl-
N-propyl-pyrrolidinium  bis(trifluoromethylsulfonyl)imide
and/or a polymer electrolyte selected in particular from the
group comprising polyethyleneoxide, polyacrylonitrile and/
or polymethylmethacrylate.

9. The electrolyte according to claim 1, characterized in
that a mixture of the solvent and of the at least one compound
of general formula (1) contains the at least one compound of
general formula (1) in the range of 0.1 wt. % to <15 wt. %,
preferably in the range of =1.5 wt. % to <7 wt. % and prefer-
ably in the range of =1 wt. % to =5 wt. % based on the total
weight of the mixture.

10. The electrolyte according to claim 1, characterized in
that the lithium salt is selected from the group comprising
LiPF,, LiBF,, LiAsF4 LiSbF,, LiClO,, LiPtClg, LiN
(SO,CF;),, LiC(SO,CF;); and LiSO,CF;, lithium borate
salts preferably selected from lithium bisoxalatoborate,
lithium difluorooxalatoborate, lithium difluoromalonatobo-
rate, lithium difluoroglycolatoborate, lithium diftuorosalicy-
latoborate, lithium difluorolactatoborate and/or lithium dif-
Iuoropyrocatecholoborate, lithium salts of sulfonyl imides,
preferably of bis(trifluoromethanesulfonyl)imide and bis
(pentafluoroethanesulfonyl)imide, and/or lithium tetrafluoro
(oxalate)phosphate, LiPF being particularly preferred.
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11. Lithium-based energy stores, preferably a lithium bat-
tery, lithium ion battery, lithium ion accumulator, lithium
polymer battery or lithium ion condenser containing an elec-
trolyte according to claim 1.

12. Use of a compound of general formula (1) shown
hereinbelow

M
(6]

A

R! R2—X
wherein:

X is selected from the group comprising F, Cl, Br and/or I;

R is hydrogen or a C,_,-aliphatic group, unsubstituted or
simply or multiply substituted with at least one substitu-
ent selected from the group comprising F, Cl, Br, 1,
C,_4-alkyl, carbonyl oxygen, and/or C, ,-alkoxy;

R?is a C,_s-aliphatic group, optionally simply or multiply
substituted with at least one substituent selected from
the group comprising F, Cl, Br, I, C,_,-alkyl, carbonyl
oxygen, and/or C,_,-alkoxy;

wherein R' and R®X are not simultaneously CF; or
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R! and R together form a saturated 5- or 6-membered ring
which can be simply or multiply substituted with at least
one substituent selected from the group comprising F,
Cl, Br, I, C, ,-alkyl, carbonyl oxygen, and/or C,_,-
alkoxy,
in electrolytes for primary and secondary electrochemi-
cal lithium-based energy stores, preferably selected
from the group comprising lithium batteries, lithium ion
batteries, lithium ion accumulators, lithium polymer
batteries and/or lithium ion condensers.

13. Use according to claim 12, characterized in that

X is selected from the group comprising of F, Cl, Br and/or
I

R! is selected from the group comprising H, CH,, CH,F,
CHF,, CF,, C,H,, C,H,F, C,H,F,, C,H,F; and/or
C,HF, and preferably from the group comprising of
CH;, CH,F, CHF, and/or CF;

R? a—CR’R*— group wherein
R? is selected from the group comprising H, CH,, CH,F,

CHF,, and/or CF;, and
R* is selected from the group comprising H, F, CH,,
CH,F and/or CHF,, or

R! and R” together form a saturated 5- or 6-membered ring

wherein R* is hydrogen.

#* #* #* #* #*



