US 20170084956A1

a2y Patent Application Publication (o) Pub. No.: US 2017/0084956 A1

a9 United States

ZHUANG 43) Pub. Date: Mar. 23, 2017
(54) ELECTROLYTE AND LITHIUM-ION HOIM 4/587 (2006.01)
BATTERY CONTAINING THE SAME HOIM 4/62 (2006.01)
HOIM 10/0525 (2006.01)
(71) Applicant: Amperex Technology Limited, Ningde HOIM 4/131 (2006.01)
(CN) (52) US.CL
CPC ... HOIM 10/0569 (2013.01); HOIM 10/0525

(72) Inventor: Ruirui ZHUANG, Ningde (CN)

(73) Assignee: Amperex Technology Limited, Ningde
(CN)

(21)  Appl. No.: 15/014,365

(22) Filed:  Feb. 3, 2016
(30) Foreign Application Priority Data
Sep. 23, 2015 (CN) .coveveicvicciene 201510606513.1
Publication Classification
(51) Int. CL
HOIM 10/0569 (2006.01)
HOIM 10/0568 (2006.01)
HOIM 10/0567 (2006.01)
HOIM 4/66 (2006.01)
HOIM 4/133 (2006.01)
HOIM 4/525 (2006.01)

(2013.01); HOIM 10/0568 (2013.01); HOIM
10/0567 (2013.01); HOIM 4/131 (2013.01);
HOIM 4/133 (2013.01); HOIM 4/525
(2013.01); HOIM 4/587 (2013.01); HOIM
4/622 (2013.01); HOIM 4/623 (2013.01);
HOIM 4/625 (2013.01); HOIM 4/661
(2013.01); HOIM 2004/027 (2013.01)

(57) ABSTRACT

The present application is related to an electrolyte and a
lithium-ion battery containing the same, wherein the elec-
trolyte comprises lithium salt, a non-aqueous organic sol-
vent and additives, the non-aqueous organic solvent com-
prising a carboxylate compound, and the additives
comprising a fluoro-ether compound and a dinitrile com-
pound comprising an ether bond. The electrolyte applied to
the lithium-ion battery, particularly to an irregular-shaped
lithium-ion battery, can improve the high temperature stor-
age performance, the high temperature cycle life perfor-
mance and the rate performances of the lithium-ion battery.
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ELECTROLYTE AND LITHIUM-ION
BATTERY CONTAINING THE SAME

TECHNICAL FIELD

[0001] The present disclosure is related to the technical
field of lithium-ion batteries, particularly an electrolyte and
a lithium-ion battery containing the electrolyte.

BACKGROUND

[0002] The wettability of electrolytic solutions is very
important for battery design. Normally, it is desirable that
the solvent and liquid electrolyte can be absorbed by the
hydrophilic surface of the anode materials, but they are
incompatible by the hydrophobic surface of the materials
such as polyolefin and carbon anode. At present, a mixed
solvent of cyclic carbonate and chain carbonate as a non-
aqueous organic solvent is commonly employed in the
electrolyte of the lithium-ion battery. However, both the
cyclic carbonate and chain carbonate are proton inert sol-
vents having relatively high viscosity and large surface
tension, so that affinity interaction between the electrolyte
and separator materials is small, and the separator materials
are hardly wetted by the electrolyte. Thus, the electrolyte has
poor wettabilty for the separator. Furthermore, the electro-
lyte also has poor wettability to the materials such as the
carbon anode, which causes the contact resistance between
the electrode materials and the electrolyte to be relatively
large and impacts the utilization rate of the materials, so it
is not beneficial for the battery capacity to be fully fulfilled.

[0003] At present, there is nearly no regular square space
left in mobile devices for the battery to be placed, and other
electric devices often have an irregular ladder-like distribu-
tion. In light of this, an irregular-shaped battery is capable of
fully utilizing the irregular room in devices to improve the
capacity of the battery, so there might be a big development
space for the irregular-shaped battery in the future market.
However, poor wettability of the electrolyte appears to be
more serious due to an irregular shape of the battery.

[0004] Therefore, it is indeed essential to develop an
electrolyte having good wettability for a lithium-ion battery,
especially for an irregular-shaped lithium-ion battery, as
well as an irregular-shaped lithium-ion battery containing
the electrolyte, so as to enable the lithium-ion battery,
particularly the irregular-shaped lithium-ion battery, to pos-
sess excellent performance, such as cycle life performance,
high temperature storage performance, low temperature
discharge performance, and rate performance.

SUMMARY

[0005] For solving the problem, through the study with
keen determination, the applicant found that the electrolyte
comprising carboxylate compounds, fluoroether compounds
and dinitrile compounds comprising ether bonds, after being
applied to the lithium-ion battery, is capable of improving
the high temperature storage performance, high temperature
cycle life performance and rate performance of the lithium-
ion battery, and thereby the present disclosure herein comes
into being.

[0006] One object of the disclosure is to provide an
electrolyte comprising lithium salt, a non-aqueous organic
solvent and additives, the non-aqueous organic solvent com-
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prising a carboxylate compound, and the additive compris-
ing a fluoro-ether compound and a dinitrile compound
comprising an ether bond.

[0007] Another object of the disclosure is to provide a
lithium-ion battery comprising a cathode sheet containing a
positive active material, an anode sheet containing a nega-
tive active material, a lithium battery separator and the
electrolyte provided in the disclosure.

[0008] Because the electrolyte provided by this disclosure
comprises carboxylate compounds, fluoroether compounds
and dinitrile compounds with ether bonds, so its application
to the lithium-ion battery, particularly to the irregular-shaped
battery, improves the high temperature storage performance,
high temperature cycle life performance and rate perfor-
mance of the lithium-ion battery, and particularly improves
the storage performance and cycle life performance of the
lithium-ion battery at the high temperature and voltage, as
well as the rate performance of the lithium-ion batter at a
high voltage.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0009] The advantages and disadvantages of the invention
will become clearer and more explicit along with the further
detailed explanations for the present invention as below.
[0010] One object of the disclosure is to provide an
electrolyte comprising lithium salt, a non-aqueous organic
solvent and additives, the non-aqueous organic solvent com-
prising a carboxylate compound, and the additive compris-
ing a fluoro-ether compound and a dinitrile compound
comprising an ether bond.

[0011] In the electrolyte, the carboxylate compounds can
be selected according to practical needs, such as chain
carboxylate compounds, and cyclic carboxylate compounds.
Preferably, the carboxylate compounds are selected from
one or more of compounds represented in the following
formulas I, II, IIT and IV:

Formula I
(0]
/U\ Ry;
Ry O/ ’
Formula IT
O;
R —
3 I_O
Formula IIT
O;
O
S
R4/
Formula IV
O.
/)
Z
[0012] In formulas II, 1II and IV, the number of the

substituent groups in the ring of the carboxylate is one, and
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the location of the substitute group is selectable according to
the reasonable cases and is capable of being bond linked
with any carbon atom in the ring.

[0013] Informulas I, II, Il and IV, Ry, R,, R;, R, and Ry
are respectively selected from one of a hydrogen atom, a
halogen atom, a cyanogroup, an alkyl having 1~20 carbon
atom(s), an alkenyl having 2~20 carbon atoms, an aryl
having 6~26 carbon atoms, a group containing oxygen
atoms in the said alkyl having 1~20 carbon atom(s), the said
alkenyl having 2~20 carbon atoms and the said aryl having
6~26 carbon atoms, and a group formed by substituting the
alky having 1~20 carbon atom(s), the alkenyl having 2~20
carbon atoms and the aryl group 6~26 carbon atoms with the
halogen atom or the cyanogroup, wherein the halogen atom
is F, Cl and Br, and neither R, nor R, is a hydrogen atom, a
halogen atom or a cyano group.

[0014] As for the alkyl having 1~20 carbon atoms in
formulas I, 11, III and 1V, the specific kinds of alkylare not
limited and are selectable according to practical needs, such
as a chain alkyl or a naphthenic group, wherein the chain
alkane further comprises a linear chain alkyl and a branched
alkyl; and further the naphthenic group may or may not
contain substituent groups. The lower limiting number of the
carbon atoms of the alkyl is preferably 1, 2, 3 or 5, and the
upper limiting number is preferably 3, 4, 5, 6, 7, 8 ,10, 12
or 16.

[0015] Preferably, the alkyl having 1~10 carbon atom(s) is
selected; further preferably, the chain alkyl having 1~6
carbon atom(s) and the naphthenic group having 3~8 carbon
atoms are selected; and more preferably, the chain alkyl
having 1~4 carbon atom(s) and the naphthenic group having
5~7 carbon atoms are selected.

[0016] The specific examples of the alkyl are as follows:
methyl, ethyl, n-propyl, isopropyl, cyclopropyl, n-butyl,
isobutyl, sec-butyl, tertiary butyl cyclobutyl, n-amyl, iso-
amyl, tertiary pentyl, neopentyl, cyclopentyl, 2,2-dimethyl
propyl, 1l-ethyl propyl, 1-methylbutyl, 2-methylbutyl,
n-hexyl, isohesyl, 2-hexyl, 3-hexyl, cyclohexyl, 2-methyl-
amyl, 3-methylamyl, 1,1,2-trimethylpropyl, 3,3-dimethyl-
butyl, n-heptyl, 2-heptyl, 3-heptyl, 2-methylhexyl, 3-meth-
ylhexyl, 4-methylhexyl, isoheptyl, cycloheptyl, n-octyl,
cyclooctyl, nonyl, decyl, hendecyl, dodecyl, tridecyl, myri-
styl, pentadecane alkyl, cetyl, heptadecane alkyl, octadecyl,
nonadecane and eicosyl.

[0017] As for the alkenyl having 2~20 carbon atoms in
formulas I, II, IIT and IV, the specific kinds of alkenyl group
are not limited and are selectable according to practical
needs, such as cyclic alkenyl and chain alkenyl. When the
alkenyl is a cyclic alkenyl, its ring contains other substituent
groups such as alkyl and/or alkenyl. Furthermore, the num-
ber and location of the double bonds in the alkenyl are not
specifically limited, and the alkenyl with a desired structure
can be selected according to practical cases. For example,
the number of double bonds can be 1, 2, 3 or 4. The lower
limiting number of the carbon atoms of the alkenyl is
preferably 2, 3, 4 or 5, and the upper limiting number is
preferably 3, 4, 5, 6,7, 8 ,10, 12, 16 or 18.

[0018] In the preferable embodiments, the alkenyl having
2~10 carbon atoms is selected. Further preferably, the alk-
enyl having 2~6 carbon atoms is selected. More preferably,
the alkenyl having 2~5 carbon atoms is selected.

[0019] The specific examples of the alkenyl are as follows:
vinyl, allyl, isopropenyl, 1-butenyl, 2-butenyl, 2-methyl-2-
allyl, 1-methyl-2-allyl, 2-methyl allyl, pentenyl, 1-hexenyl,
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3,3-dimethyl-1-butenyl, 2-heptenyl, 1-octylene, cyclobutene
group, cyclohexenyl, cycloheptene group, and cyclooctene
group.

[0020] As for the aryl having 6~26 carbon atoms in
formulas 1, 11, 11T and IV, the specific kinds of aryl are not
limited and are selectable according to practical needs, for
example, phenyl, benzene alkyl, aryl containing at least one
phenyl such as xenyl, and polycyclic aromatic hydrocarbon
such as naphthalene, anthracene and luxuriant, wherein
xenyl and polycyclic aromatic hydrocarbon can also be
linked with other substituent groups such as alkyl or alkenyl.
The upper limiting number of the carbon atoms of the aryl
is preferably 7, 8, 9, 10, 12, 14, 16, 18, 20 or 22, and the
lower limiting number is preferably 6, 7, 8 or 9.

[0021] In the preferable embodiments, the aryl having
6~16 carbon atoms is selected. Further preferably, the aryl
having 6~14 carbon atoms is selected. More preferably, the
aryl having 6~9 carbon atoms is selected.

[0022] The specific examples of the aryl are as follows:
phenyl, benzyl, xenyl, p-methylphenyl, o-methylphenyl,
m-methylphenyl, p-ethylphenyl, m-ethylphenyl, o-ethylphe-
nyl, 3,5-xylyl, 2,6-dimethylphenyl, 3,5-diethylphenyl, 2,6-
diethylphenyl, 3,5-diisopropylphenyl, 2,6-diisopropylphe-
nyl, 3,5-di-n-proplyphenyl, 2,6-di-n-proplyphenyl, 3,5-di-n-
butyphenyl, 2,6-di-n-butyphenyl, 3,5-diisobutylphenyl, 2,6-
diisobutylphenyl, 3,5-di-t-butylphenyl, 2,6-di-t-
butylphenyl, trityl, 1-naphthyl, and 2-naphthyl.

[0023] In formulas I, II, III and IV, when the alkyl having
1~20 carbon atom(s) contains oxygen atoms, the number
and location of the oxygen atoms are not specifically limited,
wherein the number of the oxygen atoms can be 1, 2, 3 or
4. Particularly, alkoxy having 1~20 carbon atoms and alkyl
ether group having 2~20 carbon atoms are selected. Fur-
thermore, when the alkyl having 1~20 carbon atom(s) con-
tains oxygen atoms, the lower limiting number of the carbon
atoms is preferably 1, 2, 3, 4 or 5 and the upper limiting
number of carbon atoms is preferably 3, 4, 5, 6, 7, 8, 10, 12,
16 or 18.

[0024] Preferably, alkoxy groups having 1~10 carbon
atom(s) and alkyl ether groups having 2~10 carbon atoms
are selected; more preferably, alkoxy groups having 1~6
carbon atom(s) and alkyl ether groups having 2~6 carbon
atoms are selected; and further preferably, alkoxy groups
having 1~4 carbon atom(s) and alkylether groups having
2~5 carbon atoms are selected.

[0025] The specific examples of the alkoxy and alkyl ether
group are as follows: methoxyl, ethyoxyl, n-propoxy, iso-
propoxy, n-butoxy, sec-butoxy, tert-butoxy, n-pentyloxy,
iso-pentyloxy, tert-pentyloxy, neopentoxy, 2,3-dimethyl
propoxy, 1-ehylpropoxy, 1-methylbutyloxyl, n-hexyloxy,
isohexyloxy, 1,1,2-trimethylpropoxy, n-heptyloxyl, n-octy-
loxyl, cyclopropxy, cyclobutoxy, cyclopentyloxy, cyclo-
hexyloxy, cycloheptyloxy, cyclooctyloxy, methoxylmethyl,
oxethylethyl, oxethylmethyl, 3-n-propoxyn-propyl,
n-propoxymethyl, 1-n-propoxyethyl, 1-n-propoxyisopropyl,
n-butoxymethyl, 1-n-butoxyethyl, 2-n-butoxy-n-propyl,
tert-butoxymethyl, 2-butoxyethyl, 2-butoxynpropyl, 2-bu-
tyoxyisopropyl, 3-butoxyn-ethyl, 4-n-pentyloxyisoamyl,
2-n-pentyloxy cyclopentyl, 2-cyclopentyloxyl cyclopentyl,
3-n-hexyloxy-n-hexyl, and 4-cyclohexyloxycyclohexyl.
[0026] In formulas I, II, III and IV, when the alkenyl
having 2~20 carbon atoms contains oxygen atoms, the
number and location of the oxygen atoms are not specifically
limited, wherein the number of the oxygen atoms can be 1,
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2,3 or 4. Particularly, alkeneoxy group having 1~20 carbon
atom(s) and alkenether having 2~20 carbon atoms are
selected. Furthermore, when the alkenyl having 2~20 carbon
atoms contains oxygen atoms, the lower limiting number of
the carbon atoms is preferably 2, 3, 4 or 5 and the upper
limiting number of carbon atoms is preferably 3, 4, 5, 6, 7,
8, 10, 12, 16 or 18.

[0027] Preferably, alkeneoxy groups having 2~10 carbon
atoms and alkenether groups having 3~10 carbon atoms are
selected; more preferably, alkeneoxy groups having 2~8
carbon atoms and alkenether groups having 3~8 carbon
atoms are selected; and further preferably, alkeneoxy groups
having 2~6 carbon atoms and alkenether groups having 3~6
carbon atoms are selected.

[0028] The specific examples of the alkoxy and alkyl ether
are as follows: allyloxy, butenyloxy, pentenyloxy, hexeny-
loxy, heptenyloxy, alkenyloxy, 1-methoxylvinyl, 2-ethyox-
ylvinyl, 2-methoxylvinyl, 2-methyoxy-2-allyl, 1-ethyoxy-2-
allyl, 2-ethyleneoxylvinyl, 1-ethyleneoxy-l-methylvinyl,
and 2-ethyleneoxy-1-methylvinyl.

[0029] In formulas I, II, III and IV, when the aryl having
6~26 carbon atoms contains oxygen atoms, the number and
location of the oxygen atoms are not specifically limited,
wherein the number of the oxygen atoms can be 1, 2, 3 or
4, preferably 1 or 2. Particularly, aryloxy having 6~26
carbon atoms and arylether having 7~26 carbon atoms are
selected, wherein the kinds of aryl which is linked with the
oxygen is not specifically limited and are selectable accord-
ing to practical needs, for example, phenyl, phenylalkyl, aryl
containing at least one phenyl such as xenyl and polycyclic
aromatic hydrocarbon. In the aryloxy group, the lower
limiting number of the carbon atoms of aryloxy is preferably
6,7, 8 or 9, and the upper limiting number of carbon atoms
of aryloxy cyano group is preferably 7, 8, 9,10, 12,14, 16
orl8.

[0030] Preferably, aryloxy having 6~16 carbon atoms and
aryl ether having 7~16 carbon atoms are selected; more
preferably, aryloxy having 6~14 carbon atoms and aryl ether
having 7~14 carbon atoms are selected; and further prefer-
ably, aryloxy having 6~10 carbon atoms and aryl ether
having 7~10 carbon atoms are selected.

[0031] The specific examples of the aryloxy are as fol-
lows: phenoxyl, benxyloxy, 4-methylphenoxy, 3-methylphe-
noxy, 2-methylphenoxy, 4-ethylphenoxy, 3-ethylphenoxy,
2-ethylphenoxy, 4-n-propylphenoxy, 3-n-propylphenoxy,
2-n-propylphenoxyl, 4-isopropylphenoxy, 3-isopropylphe-
noxy, 2-isopropylphenoxy, 4-n-butylphenoxy, 3-n-butylphe-
noxy, 2-n-butylphenoxy, 4-isobutylphenoxy, 3-isobutylphe-
noxy, 2-isobutylphenoxy, 4-tert-butylphenoxy, 3-tert-
butylphenoxyl, 2-tert-butylphenoxy, 3,5-dimethylphenox,
2,6-dimethylphenoxy, 3,5-diethylphenoxy, 2,6-diethylphe-
noxy, 3,5-di-n-propoylphenoxy, 2,6-n-proppoylmethyl phe-
noxy, 3,5-di-isopropylphenoxy, 2,6-diisopropylphenoxy,
3,5-di-n-butylphenoxy, 2,6-di-n-butylphenoxy, 4-methyl-
benzyloxy, 3-methylbenzyloxy, 2-methylbenzyloxy, 4-eth-
ylbenzyloxy, 3-ethylbenzyloxy, 2-methylbenzyloxy, 3,5-di-
isoproplybenzyloxy, 2,6-diisoproplybenzyloxy,
1-naphthoxy, 2-naphthoxy, methoxyphenyl, ethoxyphenyl,
phenoxymethyl, phenoxyethyl, o-methoxyphenmethyl,
m-methoxyphenmethyl, p-methoxyphenmethy, o-ethoxy-
phenmethyl, m-ethoxyphenmethyl, p-ethoxyphenmethyl,
o-phenoxyphenyl, m-phenoxyphenyl, and p-phenoxyphe-
nyl.
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[0032] In formulas I, II, IIT and 1V, the halogenated alkyl
having 1~20 carbon atom(s), halogenated alkenyl having
2~20 carbon atoms, and halogenated aryl having 6~26
carbon atoms are correspondingly formed after the alkyl
having 1~20 carbon atom(s), alkeny having 2~20 carbon
atoms and arylhaving 6~26 carbon atoms are substituted
with halogen atoms, wherein the haogen atoms are F, Cl and
Br. As for the formed halogenated groups, there is no special
limitation for the number and location of the halogen atoms
for substitution, and whether the halogen atoms substitute
some or all of the hydrogen atoms in the groups is slelectable
according to practical needs. For example, the number of the
halogen atoms is 1, 2, 3 or 4. When the halogen atoms for
substitution are more than 2, the kinds of the halogen atoms
may be the same or completely different, or partially the
same.

[0033] Preferably, the halogenated alkyl having 1~10 car-
bon atom(s), halogenated alkenyl having 2~10 carbon
atoms, and halogenated aryl having 6~16 carbon atoms are
selected; further preferably, the halogenated chain alkyl
having 1~6 carbon atom(s), halogenated naphthenic group
having 3~8 carbon atoms, halogenated alkenyl having 2-6
carbon atoms and halogenated aryl having 6~14 carbon
atoms are selected; more preferably, the halogenated chain
alkyl group having 1~4 carbon atom(s), halogenated naph-
thenic group having 5~7 carbon atoms, halogenated alkenyl
having 2~5 carbon atoms and halogenated aryl having 6~10
carbon atoms are selected.

[0034] Particularly, when the groups are substituted with
fluorine atoms, the formed groups are specifically as below:
fluvoromethyl, 2-fluoroethyl, 1-fluoroethyl, 3-fluoropropyl,
2-fluoroisopropyl, 4-fluorobutyl, 3-fluorosec-butyl, 2-fluo-
rosec-butyl, 5-fluoroamyl, 1-fluoron-amyl, 4-fluoroisoamyl,
3-fluoroisoamyl, 1-fluoro-2,2-dimethylpropy, 4-fluroro-1-
methylbutyl, 6-fluoro-n-hexyl, 4-fluoroisohesyl, 7-fluoro-n-
heptyl, 8-fluoro-n-octyl, 1-fluorovinyl, 3-fluoroallyl, 2-fluo-
roallyl, 1-fluoromethylisopropenyl, 2-fluoroisopropenyl,
4-fluoro-l-butenyl, 4-fluoro-2-butenyl, 3-fluoro-2-methyl-
propenyl, 5-fluoro-2-pentenyl, 6-fluoro-2-hexenyl, 6-fluoro-
4-hexenyl, 4-fluoro-3,3-dimethyl-l-butenyl, 7-fluoro-1 -hep-
tenyl, 7-fluoro-2-heptenyl, 8-fluoro-l-octylenyl, 8-fluoro-2-
octylenyl, 8-fluoro-6-octylenyl, o-fluorophenyl,
p-fluorophenyl, m-fluorophenyl, 4-fluoromethylphenyl,
4-fluoroethylphenyl, 2-fluoroethylphenyl, 3,5-difluorophe-
nyl, 2,6-difluorophenyl, 2,6-difluoromethylphenyl, 3,5-dif-
luoroethylphenyl, and 2-fluoro-l-naphthyl. In these embodi-
ments, F can be subsituted by CI and/or Br.

[0035] In formulas I, II, III and IV, the alkyl cyano having
2~21 carbon atoms, the alkenyl cyano having 3~21 carbon
atoms, and the aryl cyanogroup having 7~27 carbon atoms
are correspondingly formed after the alkyl having 1~20
carbon atom(s), alkeny having 2~20 carbon atoms and aryl
having 6~26 carbon atoms are substituted with cyano group.
In the formed substituted groups containing cyanogroup,
there is no special limitation for the number and location of
the cyano for substitution, and the hydrogen atoms in the
alkyl, alkenyl or aryl can be partially or completely substi-
tuted according to practical needs. For example, the number
of the cyano groups can be 1, 2, 3 or 4.

[0036] Preferably, the alkyl cyano having 2~10 carbon
atoms, the alkenyl cyano having 3~10 carbon atoms, and the
aryl cyano having 7~16 carbon atoms are selected; more
preferably, the chain alkyl cyano group having 2~6 carbon
atoms, the naphthene cyano having 4~8 carbon atoms, the
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alkenyl cyano group having 3~6 carbon atoms, and the aryl
cyano having 7~14 carbon atoms are selected; further pref-
erably, the chain alkyl cyano having 3~5 carbon atoms, the
naphthene cyano having 4~7 carbon atoms, the alkenyl
cyano group having 3~5 carbon atoms, and the aryl cyano
having 7~10 carbon atoms are selected.

[0037] The specific examples of alkyl cyano are as fol-
lows: cyanomethyl, 2-cyanoethyl, 1-cyanoethyl, 3-cyano-
propyl, 2-cyanoisopropyl, 4-cyanobutyl, 3-cyanosec-butyl,
2-cyanosec-butyl, 1-cyanosec-butyl, tert-butylcyano, 5-cya-
noamyl, 4-cyanoamyl, 3-cyanoamyl, 2-cyanoamyl, 1-cya-
noamyl, 4-cyanosioamyl, 3-cyanosioamyl, 2-cyanosioamyl,
1-cyanosioamyl, 1-cyano-2,2-dimethylpropyl, 3-cyano-2,2-
dimethypropyl, 3-cyano-l-ethylpropyl,4-cyano-l-methylbu-
tyl, 6-cyano-n-hexyl, 4-cyano-isohesyl, 3-cyano-1,1,2-trim-
ethylpropyl, 7-cyano-n-heptyl, 8-cyano-n-octyl,
2-cyanomethyl-4-cyanobutyl, 2-cyanocyclopropyl, 2-cya-
nocyclobutyl, 3-cyanocyclopentyl, and 4-cyanomethylcy-
clohexyl.

[0038] The specific examples of alkenylcyano group are as
follows: 2-cyanovinyl, 1-cyanovinyl, 3-cyanoallyl, 2-cyano-
allyl, 1-cyanoallyl, 1-cyanomethylisoallyl, 2-cyanoisoallyl,
4-cyano-1-butenyl, 3-cyano-1-butenyl, 2-cyano-2-butenyl,
1-cyano-2-butenyl, 2-cyanomethylallyl, 1-cyano-2-methyl-
allyl, 3-cyano-l-methylallyl, 1-cyanomethylallyl, 3-cyano-
2-methylallayl, 2-cyanomethylallyl, 5-cyano-2-pentenyl,
6-cyano-2-hexylenyl, 6-cyano-l-hexylenyl, 6-cyano-4-hex-
ylenyl, 3,3-dicyanomethyl-1-butenyl, 4-cyano-3,3-dim-
ethyl-1-butenyl, 7-cyano-l-heptenyl, 7-cyano-2-heptenyl,
8-cyano-l-octylenyl, 8-cyano-2-octylenyl, 2-cyanomethyl-
3-cyclopentenyl, and 4-cyano-2-cyclohexenyl.

[0039] The specific examples of arylcyano group are as
follows: 4-cyanophenyl, 2-cyanophenyl, 3-cyanophenyl,
4-cyanomethylphenyl, 2-cyanomethylphenyl, 3-cyanometh-
ylphenyl, 4-cyanoethylphenyl, 2-cyanoethylphenyl, 3-cya-
noethylphenyl, 3,5-dicyanophenyl, 2,6-dicyanophenyl,
4-cyanobenzyl, 3-cyanobenzyl, 2-cyanobenzyl, and
2-cyano-1-naphthyl.

[0040] The specific examples of the chain carboxylate
represented by formula I are as below: methyl acetate,
propyl acetate, 1-fluoropropyl acetate (as shown in formula
a), 1-cyanopropyl acetate (as shown in formula b), ethyl
propionate ethyl valerate, ethyl isovalerate, and propyl pro-
pionate, butyl propionate, isobutyl propionate, butyl
butyrate, butly isobutyrate, amyl butyrate, isoamyl butyrate,
amyl propionate, isoamyl propionate, ethyl propionate, ethyl
isopropionate, ethyl butyrate, ethyl isobutyrate, ethyl valer-
ate, propyl valerate, propyl isovalerate, and ethyl isovaler-
ate.

Formula a

(@]
F\)J\O/\/ ;

O
NCQ]\O/\/ .

Formula b
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[0041] The specific examples of cyclic carboxylic ester
represented by formulas I, II, III and IV are as follows:

d o

(1 4-butyrolactone) ,

A{(

[0042] Preferably, the content of the carboxylic ester com-
pound in the electrolyte takes 1~70% in the total weight of
the electrolyte, preferably, 10~30%.

[0043] The fluoro-ester compound in the electrolyte is

preferably selected from one or more of the compounds
represented by formula V and VI:

(1,5- valerolactone) s

S

Formula V
Rg—O0—Ry;
Formula VI
Rg—tRi;3—0Ry.
[0044] In formula V, R4 and R, are respectively selected

from one of a fluoro alkyl having 1~20 carbon atom(s), a
fluoro alkenyl having 2~20 carbon atoms and a fluoro aryl
having 6~22 carbon atoms.

[0045] In formula VI, Rg and R, are respectively selected
from one of an alkyl having 1~10 carbon atom(s), an alkenyl
having 2~10 carbon atoms, an aryl having 6~14 carbon
atoms, a fluoroalkyl having 1~10 carbon atom(s), a fluoro-
alkenyl group having 2~10 carbon atoms and a fluoroaryl
having 6~14 carbon atoms; R, is selected from one of a
fluoroalkylene having 1~20 carbon atom(s), a fluoroalk-
enylene having 2~20 carbon atoms and a fluoroarylene
having 6~22 carbon atoms; and n is an integer between
2~10, n is preferably 2~6, and more preferably 2~4.
[0046] As for the fluoro alkyl having 1~20 carbon atom(s)
in formula V, wherein the number and location of the
fluorine atoms in fluoro alkyl for substitution are not spe-
cifically limited, and the hydrogen atom in the alkyl can be
substituted partially or completely according to practical
needs. Form example, the number of fluorine atoms can be
1, 2, 3 or 4. The lower limiting number of the carbon atoms
of the fluoro alkyl is preferably 1, 2 or 3, and the upper
limiting number is preferably 3, 4, 5, 6, 7, 8,10, 12, 16 or
18.
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[0047] Preferably, fluoro alkyl having 1~10 carbon atom
(s) is selected; further preferably, fluoro chain alkyl having
1~6 carbon atom(s) and fluoro naphthene having 3~8 carbon
atoms are selected; more preferably, fluoro chain alkyl
having 1~4 carbon atom(s) and fluoro naphthene having 5~7
carbon atoms are selected.

[0048] The specific examples of fluoroakyl are as below:
methylfiuoro, difluoromethyl, triftuoromethyl, 1-fluoroethyl,
1,2-difluoroethyl, 2-fluoron-propyl, 2,2,2-trifluoroethyl, 2,2-
difluoro-n-propyl, 1-fluoroisopropyl, fluorocyclopropyl,
1-fluoron-butyl, 2-fluoroisobutyl, fluorocyclobutyl, 1-fluo-
ron-amyl, 2-fluoron-amyl, 1-fluoroisoamyl, 2,2-difluorom-
ethylpropyl, fluorocyclopentyl, 3-fluoro-2,2-dimethypropyl,
1-fluoro-l-ethylproply, 1-fluoro-l-methylbutyl, 2-fluoro-2-
methylbutyl, 2-fluoron-hexyl, fluorocyclohexyl,
2-fluoromethylamyl, 3-fluoro-3-methylamyl, 2-fluoro-1,1,
2-trimethylpropyl, 4-fluoro-3,3-dimethlybutyle, 2-fluoron-
heptyl, 2-fluorocyclohexyl, perfluor 1-ethyl-thrimethyl-
propy, perfluorethyl, 1,1,2,2-tetrafluoroethyl, 2-methyl -2,2,

3,4,4 4-hexaflurobutyl, 3,3,3-trifluoropropyl, and 2,2-
difluoroethyl.
[0049] As for the fluoro alkenyl having 2~20 carbon atoms

in formula VI, there is no special limitation for the substi-
tuted alkenyl, such as chain alkenyl or cyclic alkenyl,
wherein the chain alkenyl can be divided into linear alkenylp
and branched alkenyl. In fluoro alkenyl, the number of
double bonds is 1, 2, 3 or 4, preferably 1 or 2. In addition,
the fluorine atoms subsutite the hydrogen atoms in the
alkenyl group partially or completely, for example the
number of fluorine atoms is 1, 2, 3 or 4. The lower limiting
number of the carbon atoms in fluoro alkenyl is preferably
3, 4 or 5, and the upper limiting number of the carbon atoms
is preferably 3, 4, 5, 6, 7, 8, 10, 12, 14, 16 or 18.

[0050] Preferably, fluoro alkenyl having 2~10 carbon
atoms is selected; further preferably, fluoro alkenyl having
2~6 carbon atoms is selected; more preferably, fluoroalkenyl
having 2~5 carbon atoms is selected.

[0051] The specific examples of fluoroalkenyl group are as
below: 2-fluorovinyl, 1-fluorovinyl, 3-fluoroallyl, 2-fluoro-
allyl, 1-fluoroallyl, 2-fluoroc-2-cyclopropyenyl, 1-fluorom-
ethylisopropenyl, 2-fluoroisopropenyl, 4-fluoro-1-butenyl,
3-fluoro-1-butenyl,  2-fluoro-1-butenyl,  2-fluoro-2-cy-
clobutene, 1-fluoro-1-butenyl, 4-fluoro-2-butenyl, 3-fluoro-
2-butenyl, 2-fluoro-2-butenyl, 1-fluoro-2-butenyl, 2-fluo-
romethylpropennyl, 5-fluoro -2-pentenyl, 5-fluoro-3-
pentenyl, 5-fluoro-2-cyclopentenyl, 6-fluoro -2-hexenyl,
6-fluoro-3-hexenyl, 4-fluoro-2-cyclohexenyl, 3, 3-difluorm-
ethyl-1-butenyl, 4-fluoro-3 ,3-dimethyl-l-butenyl, 7-fluoro
-1-heptenyl,  7-fluoro-2-heptenyl,  8-fluoro-l-octylene,
8-fluoro-2-octylene, 8-fluoro-3-octylene, 8-fluoro-4-octy-
lene, 8-fluoro-5-octylene, 8-fluoro-6-octylene, and 8-fluoro-
7-octylene.

[0052] As for the fluoro aryl having 6~22 carbon atoms in
formula VI, the number and location of the fluorine atoms in
haogenate substituted aryl for substitution are not specifi-
cally limited, and the hydrogen atom in the aryl can be
substituted partially or completely according to practical
needs. Form example, the number of fluorine atoms can be
1, 2, 3 or 4. The lower limiting number of the carbon atoms
of the fluoroaryl is preferably 6, 7, 8 or 9, and the upper
limiting number is preferably 7, 8, 9, 10, 12, 14, 16, 18 or
20.

[0053] Preferably, fluoroaryl having 6~16 carbon atoms is
selected; further preferably, fluoroaryl having 6~14 carbon
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atoms is selected; more preferably, fluoroaryl group having
6~10 carbon atoms is selected.

[0054] The specific examples of fluoroaryl are as follows:
2-forophenyul, 3-forophenyul, 4-forophenyul, 2-forophe-
nyul, 2-fluoro-4-methylphenyl, 3-fluoro-4-methylphenyl,
2,3-difluoro-4-methylphenyl, 3,5-difluoro-4-methylphenyl,
2,6-difluoro-4-methylphenyl, p-trifluoromethylphenyl, o-tri-
fluoromethylphenyl, m-trifluoromethylphenyl, 2-fluoroben-
zyl, 3-fluorobenzyl, 4-fluorobenzyl, 3,5-difluorobenzyl, 2,6-

difluorobenzyl, 2-fluoro-4-ethylphenyl, 3-fluoro-4-
ethylphenyl,  2-fluoro-4-n-propylphenyl,  3-fluoro-4-n-
propylphenyl,  2-fluoro-4-isopropylphenyl,  3-fluoro-4-

isopropylphenyl, 3, 5-difluoro-4-isopropyl phenyl, 2,6-
difluoro-4-isopropylphenyl, and 2-fluoro-l-naphthyl.

[0055] As for the alkyl having 1~10 carbon atoms in
formula VI, the kinds of alkyl are not specifically limited,
and are selectable according to practical needs, such as the
chain alkyl and naphthene, wherein the chain alkane group
further comprises the linear alkyl and branched alkyl, and
the naphthene may have or not have the substituent groups.
In the alkyl, the lower limiting number of the carbon atoms
in the alkyl is preferably 1, 3 or 4, and the upper limiting
number of the carbon atoms in the alkyl is 3, 4, 5, 6, 7, 8 or
10.

[0056] Preferably, the alkyl having 1~8 carbon atoms is
selected; further preferably, chain alkyl having 1~6 carbon
atoms and naphthene having 3~8 carbon atoms are selected,
more preferably, chain alkyl having 1~4 carbon atoms and
naphthene having 5~7 carbon atoms are selected. The
examples of the alkyl are the same to those of the alkyl
mentioned previously, but not limited thereto, and the
desired alkyl can be obtained through rearranging the listed
examples of the alkyl.

[0057] As for the alkenyl having 2~10 carbon atoms in
formula VI, the kinds of the alkenyl groups are not specifi-
cally limited, and are selectable according to practical needs,
for example cyclic alkenyl and chain alkenyl, wherein when
the alkenyl is a chain alkenyl, it can be substituted by other
substituent groups, such as alkyl group and/or alkenyl group.
In addition, the number and location of the double bonds in
the alkenyl are not specifically limited, and it is possible to
select the alkenyl with desired structure according to prac-
tical needs. Particuarlly, the number of double bonds are 1,
2, 3 or 4. In the alkenyl, the lower limiting number of carbon
atoms in the alkenyl may be 2, 3, 4 or 5, and the upper
limiting number of the carbon atoms of the unsaturated
hydrogen group is 3.4, 5, 6, 7, 8 or 10.

[0058] Preferably, the alkenyl having 2~8 carbon atoms is
selected; further preferably, the alkenyl having 2~6 carbon
atoms is selected; more preferably, the alkenyl having 2~5
carbon atoms is selected. The examples of the alkenyl are the
same to those of the alkenyl mentioned previously, but not
limited thereto, and the desired alkenyl can be obtained
through rearranging the listed examples of the alkenyl.
[0059] As for the aryl having 6~14 carbon atoms in
formula VI, the kinds of the aryl groups are not specifically
limited, and are selectable according to practical needs, for
example, phenyl, phenyl alkyl, aryl containing at least one
phenyl such as xenyl, polycyclic aromatic hydrocarbon
group such as naphthalene, anthracene and luxuriant,
wherein the upper limiting number of the carbon atoms of
the aryl is preferably 7, 8, 9, 10 or 12, and the lower limiting
number of the carbon atoms in the aryl is preferably 6, 7, 8
or 9.
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[0060] Preferably, the aryl having 6~12 carbon atoms is
selected; further preferably, the aryl having 6~10 carbon
atoms is selected; more preferably, the aryl having 6~9
carbon atoms is selected. The examples of the aryl are the
same to those of the aryl mentioned previously, but not
limited thereto, and the desired aryl can be obtained through
rearranging the listed examples of the aryl.

[0061] In the fluoroalkyl having 1~10 carbon atoms, fluo-
roalkenyl having 2~10 carbon atoms, and fluoroaryl having
6~14 carbon atoms in formula VI, the number and location
of the fluorine atoms for substitutions are not specifically
limited, and the hydrogen atoms in the groups can be
substituted partially or completely according to practical
needs. For example, the number of the fluorine atoms can be
1, 2, 3 or 4 or more.

[0062] Preferably, fluoroalkyl having 1~8 carbon atoms,
fluoroalkenyl having 2~8 carbon atoms, and fluoroaryl hav-
ing 6~12 carbon atoms are selected; further preferably, chain
fluoroalkyl having 1~6 carbon atoms, fluoro naphthentic
having 3~8 carbon atoms, fluoroalkenyl having 2~6 carbon
atoms and fluoroaryl having 6~10 carbon atoms are selected;
more preferably, fluoro chain alkyl having 1~4 carbon
atoms, fluoro naphthentic having 5~7 carbon atoms, fluo-
roalkenyl having 2~5 carbon atoms and fluoroaryl having
6~9 carbon atoms are selected, wherein for the specific
examples, the previous examples of fluoroalkyl, fluoroalk-
enyl and fluoroaryl can be referred to, but are not limited
thereto, and can be reasonably rearranged based on said
specific disclosure according to practical cases and require-
ments.

[0063] As for the fluoroalkylene having 1~20 carbon
atoms in formula VI, the substituted alkylene can be chain
alkylene or cyclic alkylene. The lower limiting number of
the carbon atoms of the fluoroalkylene is preferably 1, 2, 3
or 4, and the upper limiting number of the carbon atoms of
the fluoroalkylene is preferably 3, 4, 6, 8, 10, 12 or 16.
[0064] Preferably, the fluoroalkylene having 1~10 carbon
atoms is selected; further preferably, the fluoro chain alky-
lene having 1~6 carbon atoms and the fluoro cyclic alkylene
having 3~8 carbon atoms are selected; more preferably, the
fluoro chain alkylene having 1~4 carbon atoms and the
fluoro cyclic alkylene having 5~7 carbon atoms are selected.
[0065] The specific examples of fluoroalkylene are as
below: fluoromethylene, difluoromethylene, fluoroethyl-
idene, 1,2-difluoroethylidene, 2-fluoro-1,3-propylidene, 2,2-
difluoror-1, 3-propylidene, 2-fluoromethyl-1,3-propyliden,
1, 3-difluoro-1,3-dimethylpropylidene, fluoromethyl-1,2-
ethyl diene, 1,1-difluoromethylethylidene, 1,2-difluoro-1,2-

dimethylethylidene, 1,4-difluororbutylidene, 1,2-difluo-
robutylidene, 1,3-difluorobutylidene, 1,5-
difluoroamylidene, 1,2-difluoroamylidene, 1,3-
difluoroamylidene, 1,4-difluoroamylidene, 1,2-
difluorohexylidene, 1, 3-difluorohexylidene, 1,4-
difluorohexylidene, 1,5-difluorohexylidene, 1,6-

difluorohexylidene, and 1,1,4,4-tetrafluoromethylbutlidene.
[0066] As for the fluoroalkenylene having 2~20 carbon
atoms in formula VI, the kinds of the substituted alkenylene
are not specifically limited, and are selectable according to
practical needs, for example, chain alkenylene or cyclic
alkenylene, wherein the cyclic alkenylene may be linked
with other substituent groups, such as alkyl. In addition, the
fluorine atom is selected to substitute the hydrogen atoms in
the alkenylene partially or completely. In the fluoroalk-
enylene, the lower limiting number of carbon atoms in is
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preferably 2, 3, 4 and 5, and the upper limiting number of the
carbon atoms is preferably 3,4, 5, 6,7, 8,10, 12, 16 and 18.
[0067] Preferably, the fluoroalkenylene having 2~10 car-
bon atoms is selected; further preferably, the fluoroalk-
enylene having 2~8 carbon atoms is selected; more prefer-
ably, the fluoroalkenylene having 2~6 carbon atoms is
selected.

[0068] The specific examples of fluoroalkenylene are as
follows: fluoro-1,2-ethenylidene, 1-fluoro-ethenylidene,
2-fluoro-1,3-propenylene, 3,3-difluoro-2-acrol, fluorom-
ethyl-1,2-ethenylidene, 1-fluoroethyl -1,2-ethenylidene,
2-fluoro-1,4-butylidene-2-alkenyl,  4-fluoro-1,5-pentylene
-2-alkenyl, 2-fluoro-1,6-hexylidene-3-alkenyl, 1,4-difluoro-
1,4-cyclobutylidene-2-alkenyl, 2,3-difluoro-2-cyclopente-
nylene and 5,6-difluoro-2-cyclohexenylene.

[0069] As for the fluoroarylidene having 6~22 carbon
atoms in formula VI, the kinds of the substituted arylidene
groups are not specifically limited, and are selectable
according to practical needs, for example, phenylidene,
phenylalkylene, arylidene comprising at least one phenyl
such as biphenylene and polycyclic arylidene, wherein
biphenylene and polycyclic arylidene can be linked with
other substituent sheets, such as alkyl. In the fluoro-
arylidene, the upper limiting number of carbon atoms is
preferably 7, 8, 9, 10, 12, 14, 16, 18 or 20, and the lower
limiting number of the carbon atoms is preferably 6, 7, 8 or
9.

[0070] Preferably, the fluoroarylidene having 6~16 carbon
atoms is selected; further preferably, the fluoroarylidene
having 6~12 carbon atoms is selected; more preferably, the
fluoroarylidene having 6~9 carbon atoms is selected.
[0071] The specific examples of fluoroarylidene are as
below: 3,4,5,6-tetrafluoro-1,2-phenylidene, phenyl fluro-
romethylene, p-isopropylphenylfluoromethylene, 2,3,4,5,6-
pentafiuorophenylmethylene, 1-phenyl-1-fluoro-1,2-ethyl-
idene, 4-fluoro-1-methyl-2,3-phenylidene, and 1-(1,2-
difluoroethyl) -2,3-phenylidene.

[0072] The specific examples of the fluoro-ether com-
pounds are:

F F

F3C F,C—CF3
X/O CHF, \CF —01/F ’
S, G

7% FsC o—

F CH3

F,
CF3,

c
FyC C o~ Y
F

F
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[0073] In the electrolyte, preferably, the content of the
fluoro-ether compunds takes 0.01~5% in the total weight of
electrolyte, and further preferably, the content of the fluoro-
ether compunds takes 0.1~3% in the total weight of elec-
trolyte.

[0074] In the electrolyte, the dinitrile compounds having
ether bonds are one or more of the compounds represented
by the following formula VII:

Formula VII
NC—RjptO—R |57~ 0—R,—CN

[0075] In formula VIL, R,,, R,; and R,, are respectively
selected from one of alkylene having carbon atoms 1~10,
alkenylene having carbon atoms 2~10 and fluoroalkylene
having carbon atoms 1~10; and m is an integer between
1~10, preferably 1~5.

[0076] As for the alkylene having carbon atoms 1~10 in
formula VII, the alkylene may be chain alkylene or cyclic
alkylene. In addition, the lower limiting number of carbon
atoms in the alkylene is preferably 1, 2, 3 or 4, and the upper
limiting number is preferably 3, 4, 6, 8 or 9.

[0077] Preferably, the alkylene having carbon atoms 1~8
is selected; further preferably, chain alkylene having carbon
atoms 1~6 and the cyclic alkylene having 3~8 carbon atoms
are selected; more preferably, the chain alkylene having
carbon atoms 1~4 and the cyclic alkylene having 5~7 carbon
atoms are selected.

[0078] The specific examples of alkylene are as follows:
methylene, 1,2-ethylidene, 1, 3-propylidene, 2-methyl-1,
3-propylidene, 1,3-dimethylpropylidene, 1-methyl-1,2-eth-
ylidene, 1,1-dimethyethylidene, 1,2-dimethyehylidene, 1,4-
butylidene, 1,5-pentylidene, 1,6-hexylidene, 1,1,4,4-tetram-
ethylbutylidene, cyclopropylidene, 1,2-cyclopropylidene,
1,3-cyclobutylidene, cyclobutylidene, cyclohexylidene, 1,4-
cyclohexylidene, 1,4-cycloheptyl, cycloheptyl, 1,5-cyclooc-
tylidene and cyclooctylidene.

[0079] As for the alkenylene having 2~10 carbon atoms in
formula VII, the kinds of the alkenylene are not specifically
limited, and are selectable according to practical needs, for
example, cyclic alkenyl and chain alkenyl, wherein when the
alkenylene is the cyclic alkenyl, it can be substituted by
other substituent groups, such as alkyl and/or alkenyl. In
addition, the number and location of the double bonds in the
alkenyl are not specifically limited, and it is possible to
select the alkenyl with desired structure according to prac-
tical needs. Particularly, the number of double bonds can be
1, 2, 3 or 4. In the alkenylene, the lower limiting number of
carbon atoms is preferably 2, 3,4 or 5, and the upper limiting
number of the carbon atoms is preferably 3,4, 5, 6, 7, 8 or
9.

[0080] In preferable embodiments, the alkenylene having
carbon atoms 2~8 is selected; further preferably, the alk-
enylene having carbon atoms 2~6 is selected; more prefer-
ably, the alkenylene having carbon atoms 2~5 is selected.
[0081] The specific examples of alkenylene are as follows:
1,2-vinylidene, vinylidene, 1,3-propenylene, 2-propenylene,
methyl-1,2-vinylidene, methyl-1,2-ethenylidene, 1,4-buty-
lene-2-alkenyl, 1,5-pentamethylene-2-alkenyl, 1,6-hex-
ylidene-3-alkenyl, 1,7-heptylene-3-alkenyl, 1,8-octylene-2-
alkenyl, cyclobutenylene, 2-cyclopentenyl, 1,4-
cyclohexylidene-2-alkenyl, 2-cycloheptenylidene, and 1,5-
octylene -3-alkenyl.

Mar. 23, 2017

[0082] As for the fluoroalkylene having 1~10 carbon
atoms in formula VI, the substituted alkylene can be chain
alkylene or cyclic alkylene. In the fluoroalkylene, the lower
limiting number of carbon atoms is preferably 1, 2, 3 or 4,
and the upper limiting number of the carbon atoms is
preferably 3, 4, 6, 8 or 9.

[0083] Preferably, the fluoroalkylene having carbon atoms
1~8 is selected; further preferably, chain fluoroalkylene
having carbon atoms 1~6 and the cyclic fluoro cyclic alky-
lene having 3~8 carbon atoms are selected; more preferably,
chain fluoroalkylene group having carbon atoms 1~4 and the
fluoro cyclic alkylene having 5~7 carbon atoms are selected.
The examples of the fluoroalkylene are the same to those of
the fluoroalkylene mentioned previously, but not limited
thereto, and can be obtained through rearranging the listed
examples.

[0084] The specific examples of dinitrile compound con-
taining ether bonds are as follows:

H
NC—H,C—O—C—0—C —CN,
H
H
NC—HZC—O—%—O—C —CN,
2

H
NC—H,C O0—C—+0—C —CN,
H
£
F

NC\/k AN
o/\F/\o

[0085] In the electrolyte, preferably, the content of the the
dinitrile compounds containing ether bonds takes 0.01~5%
in the total weight of electrolyte, and further preferably, the
content of the dinitrile compounds containing ether bonds
takes 0.1~3% in the total weight of electrolyte.

[0086] When the electrolyte contains carboxylate com-
pound, fluoro-ether compound and the dinitrile compounds
containing ether bonds, the application the electrolyte to the
lithium-ion battery, particularly the irregular-shaped
lithium-ion battery, can improve the high temperature stor-
age performance, high temperature cycle life performance
and rate capacity of the lithium-ion battery, particularly, the
storage performance and cycle life performance of the ion
battery at high temperature and voltage, as well as the rate
capacity of the lithium-ion battery at high voltage.

[0087] Preferably, the additives in the electrolyte com-
prises at least one of the cyclic carbonate compound con-
taining unsaturated carbon-carbon bonds, fluoro carbonic
ester compound, and cyclic ester compound containing
sulphur-oxygen double bonds; wherein in the cyclic carbon-
ate compound containing unsaturated carbon-carbon bonds,
the unsaturated carbon-carbon bond is preferably a double
bond which can be either or not on the ring. The examples
of the cyclic carbonate compound containing unsaturated
carbon-carbon bonds are vinylene carbonate, and vinyleth-
ylene carbonate; and the examples of fluoro carbonate
compound are fluorovinylene carbonate, 1,2-difluoro
vinylene carbonate, and fluoroethylene carbonate.

[0088] Referably, the cyclic ester compound containing
sulphur-oxygen double bonds is selected from at least one of
cyclic suphate, cyclic sulphite, saturated sultone and unsatu-
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rated sultone. The examples of the compounds containging
sulphure-oxygen double bonds are : vinyl sulphite, propyl
sulphite, 1,3-propane sultone, 1,4-butyl sultone, 1,3-propyl-
ene sultone, 1,4-butylene sultone, 1-methyl -1,3-propylene
sultone, vinylidene sulphite, and propylidene sulphite.

[0089] When the electrolyte comprises one or more of the
the cyclic carbonate compound containing unsaturated car-
bon-carbon bonds, fluoro carbonate compound and cyclic
ester compound containing sulphur-oxygen double bonds,
the application of the electrolyte to the lithium-ion battery,
particularly to the irregular-shaped lithium-ion battery, can
further improve the high temperature storage performance,
high temperature cycle life performance and rate capacity of
the lithium-ion battery, particularly, the storage performance
and cycle life performance of the ion battery at high tem-
perature and voltage, as well as the rate capacity of the
lithium-ion battery at high voltage.

[0090] Furthermore, the electrolyte further comprises one

or more of the following compounds as the wetting addi-
tives:

CH,F
_CH,F, SCILE ,
0 ¢]
O
CH,F.
O O

/

[0091] The content of the wetting additives takes prefer-
ably 0.01~7% in the total weight of the electrolyte, particu-
larly 0. 1~5%.

[0092] When the electrolyte contains the fluoro cyclic
ester compounds, the wettability of the electrolyte for the
electrode sheets is improved, so as to enable the lithim-ion
battery to have more excellent chemical performance, such
as storage performance at high temperature and voltage,
cycle life performance at high voltage and rate capacity.

[0093] In the electrolyte, preferably, the lithium salts are
selected from at least one of the followings: lithium
hexafluorophosphate, tetrafluoro-borate lithium, lithium
hexafluoroarsenate, lithium perchlorate, lithium trifluorosul-
fonyl, lithium bis(trifluoromethylsulfonyl)imide, lithium bis
(fluorosulfonyl)imide, and lithium tri(trifluoromethylsulfo-
nyl)methyl; particularly, the density of lithium salts is 0.5
mol/L~3 mol/L.

[0094] In the electrolyte, the non-aqueous organic solvent
comprises at least one of the following: ethylene carbonate,
propylene carbonate,dimethyl carbte, diethyl carbonate,
ethyl methyl carbonate, y-butyrolactone, methyl formate,
ethyl formate, propyl formate, ethyl propionate, propyl
propionate, butyl formate, butyl acetate, butyl propionate,
butyl butyrate, and tetrahydrofuran.

[0095] Another object of the present disclosure is to
provide a lithium-ion battery comprising a cathode sheet
containing a positive active material, an anode sheet con-
taining a negative active material, a lithium battery separator
and an electrolyte, wherein the electrolyte is the electrolyte
provided in the present disclosure.
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[0096] The lithium-ion battery mentioned above particu-
larly refers to an irregular shaped lithium-ion battery, which
is a lithium-ion battery in an irregular shape, form example,
the lithium-ion battery may be a ladder-shaped lithium-ion
battery.

[0097] The kinds of the positive active materials and
negative active materials in the electrolyte are not specifi-
cally limited, and are selectable according to requirements.
Particularly, the positive active materials are selected from
one or more of the lithium cobalt oxides and Li-NiCoMn
material; the negative active materials are selected from one
or more of graphite and silicon, wherein the silicon is
selected from, but not limited to, one or more of nano-
particles, silicon nanowire, silicon nanotube, silicon film, 3D
porous silicon and hollow porous silicon.

[0098] In the above electrolyte, the kinds of lithium bat-
tery separators are not specifically limited, and are selected
from, but not limited to, any lithium battery separator
materials normally used in the lithium-ion battery, such as
polyethylene, polypropylene, polyvinylidene fluoride and
multilayer composite membrane of the polyethylene, poly-
propylene and polyvinylidenfluoride.

[0099] The preparation method for the lithium-ion battery
provided in this disclosure is commonly known in the
technical field, so the lithium-ion battery provided in this
closure is capable of being prepared by the existing prepa-
ration method for the lithium-ion battery.

Embodiments

[0100] The detailed description will be given of exemplary
embodiments. But the following exemplary embodiments
are considered as exemplary only, and the scope of the
invention is not limited by them.

[0101] Without any explanation, the reagents, materials
and instruments used in the embodiments, comparative
examples and experimental examples are commercially pur-
chasable.

[0102] In the embodiments, comparative examples and
experimental examples, the following materials are used:
[0103] Organic solvent: ethylene carbonate (EC), diethyl
carbonate (DEC)); carboxylic ester compounds (organic
solvent A). The followings are the specific solvents:
[0104] Al: methyl acetate, A2: proply acetate, A3: 1-pro-
pylacetate, A4: 1-cyanopropyl acetate, AS: 1,4-butyrolac-
tone, A6: 1,5-valerolactone;

[0105] Fluoro-ether compounds (additive B):

BI
F F
></o CHE,
e
F T
B2
F3iC F2,C—CF;,
\ /
CF—CF
/ \
F3C o—
B3
F CH;
c CFs,
F,C C o~ Y
Fy
F
B4
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-continued
BS
Fy
C CF
- \< 3
/O
B6
F> Fy Fy Fy
C C C c
R N
B7

NOFY\O/_

[0106] Dinitrile compounds comprising ether bonds (addi-
tive C):

c1
H,
NC—H,C—0—C—0—C —CN,
H
&)
Hy
NC—H,C—0—C—0—C —CN,
F
c3
Hy
NC—HZC—(O—CA)O—C —CN,
H
2
c4

F
NC\)\ AN
0/1/\0

[0107] Other additives: vinylene carbonate (VC), propyl-
ene sulfite (PS), fluoro etheylene carbonate (FEC).

[0108] Lithium salt: LiPF.
[0109] Additive D:
D1
CH,F
O
D2
CHSF.

[0} O

[0110] Lithium salt: LiPF.

[0111] Lithium battery separator: polypropylene separator
in the thickness of 16 micrometers (type: A273, provided by
Celgard Company).

Embodiment 1~17

Preparation of Regular-shaped Lithium-ion Battery
1~17 and Irregular-shaped Lithium-ion Battery
S1~817
[0112] Regular-shaped lithium-ion batteries (hereinafter
referred to as “battery” for short) 1~17 and irregular-shaped
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lithium-ion batteries (hereinafter referred to as “battery” for
short) S1~S17 are prepared according to the following
method:

[0113] (1) Preparing cathode sheet

[0114] Mix the lithium cobalt oxides (LiCoO,), adhesive
agent (polyvinylidene fluoride) and conductive agent (acety-
lene black) in a weight ratio of LiCoO,: polyvinylidene
fluoride: acetylene black=98:1:1 adding N-pyrrolidone
(NMP) therein, and stir the mixture by the vacuum mixer
until the mixture becomes uniform and transparent, thereby
obtaining cathode slurry; coat the cathode slurry homog-
enously on the aluminum foil in the thickness of 12pm; dry
the aluminum foil at room temperature and transfer it into
the dryer for being dried at 120° C., and then cold press and
slit it, so as to obtain the cathode.

[0115] (2) Preparing anode sheet

[0116] Mix the graphite, sodium carboxymethylcellulose
(CMC) being thickener and butadiene styrene rubber being
adhesive agent in a weight ratio of graphite: butadiene
styrene rubber being adhesive agent : sodium carboxymeth-
ylcellulose (CMC) being thickener=98:1:1, add the mixture
into deionized water, and stir it by vacuum mixer so as to
obtain the anode slurry; coat the anode slurry homoge-
neously on the copper foil; dry the copper foil at room
temperature and transfer it into the dryer for being dried at
120° C., and then cold press and slitit, so as to obtain the
anode.

[0117] (3) Preparing Electrolyte

[0118] The electrolyte 1~17 is prepared according to the
following method:

[0119] In the drying room, homogenously mix the EC and
DEC which have been rectified, dehydrated and purified to
form a non-aqueous organic solvent, dissolve the fully dried
lithium salts in the organic solvent, add carboxylic ester
compound, fluoro-ether compound, dinitrile compounds
having ether bonds, other additives and wetting additive into
the organic solvent, mix them homogeneously, so as to
obtain the electrolyte, wherein the concentration of the
lithium salts is 1 mol/L, and the weight ratio of EC and DEC
is EC: DEC=3:7.

[0120] (4) Preparing Lithium-ion Battery

[0121] The regular shaped lithium-ion battery is prepared
according to the following method:

[0122] Laminate the cathode and anode which are nor-
mally slit, and the lithium battery separator in sequences, to
make the lithium battery separator between the cathode and
anode to function in separation, and wind them to obtain the
naked cell; put the naked cell in the external package foil,
inject the prepared electrolyte into the dried battery, and
thereby obtaining the lithium-ion battery (hereinafter
referred to as “battery” for short) by vacuum packaging,
static keeping, formation and shaping processes.

[0123] The irregular shaped bettary S1~S17 is prepared by
the following method:

[0124] Repeat the preparation of the regular-shaped
lithium-ion battery, wherein the cathode and anode are slit
into the sheets in different sizes and shapes, and the slit
cathode and anode and the lithium battery separator match-
ing with the cathode and anode are laminated in sequence,
and other processes are the same, thereby obtaining the
lithium-ion battery in ladder shape (hereinafter referred to as
“S” for short).

[0125] During preparing the battery, the kinds and con-
tents of electrolyte in various battery and additives used in
various electrolytes are listed in table 1 as below:

[0126] In table 1, the contents of the carboxylic ester
compound, fluoro-ether compound, dinitrile compound hav-
ing ether bonds, other additives and wetting additives are the
weight percentage calculated based on the total weight of the
electrolyte.
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TABLE 1
Other Additive
Organic additive D
Battery Battery Electrolyte Solvent A Additive B Additive C Type and  Type and
No. No. No. Type Dosage Type Dosage Type Dosage dosage dosage
Batteryl Sl Electrolytel Al 20% Bl 2% C1 0.10% -, 0% -, 0%
Battery2 ~ S2 Electrolyte2 Al 20% Bl 2% C1 1% -, 0% -, 0%
Battery3  S3 Electrolyte3 Al 20% Bl 2% Cl1 5% VC + -, 0%
PS, 5%
Battery4  S4 Electrolyte4 Al 20% Bl 2% Cl1 10% -, 0% -, 0%
Battery5 S5 Electrolyte5 A3 20% Bl 1% C1 1% -, 0% -, 0%
Battery6 ~ S6 Electrolyte6 A4 20% Bl 5% Cl1 1% -, 0% -, 0%
Battery7  S7 Electrolyte7 Al 20% Bl 10% C1 1% -, 0% -, 0%
Battery8 S8 Electrolyte8 Al 20% B2 2% Cl1 1% VC + -, 0%
PS, 5%
Battery9  S9 Electrolyte9 Al 20% B2 2% C1 1% -, 0% -, 0%
Batteryl0  S10 Electrolyte10 Al 20% B2 2% C2 1% -, 0% -, 0%
Batteryll S11 Electrolytell A2 20% B2 2% C2 1% -, 0% -, 0%
Batteryl2 S12 Electrolyte12 A5 20% BS5 2% C2 1% -, 0% -, 0%
Batteryl3 S13 Electrolytel3 Al + A2 20% Bl + B4 2% C2 1% -, 0% -, 0%
Batteryl4 S14 Electrolytel4 Al 25% B6 3% C3 2% -, 0% D1, 2%
Batteryl5 S15 Electrolytel5 A5 30% B3 4% Cl1 3% VC + -, 0%
PS, 5%
Batteryl6 S16 Electrolytel6 A6 20% B7 2% C4 4% VC + D2, 5%
PS, 5%
Batteryl7 S17 Electrolytel7 A5 30% Bl 5% Cl1 2% FEC + -, 0%
PS, 5%
Note:

in table 1, VC weight:PS weight = 2:3, FEC weight:PS weight = 2:3, Al weight:A2 weight = 2:1, Bl weight:B4 weight = 1:1, and“-"represents no

substance to be selected.

Comparative example

the preparation of battery 1%~4" and battery
S17~S4”

[0127] Battery 17~4” and battery S1*7 ~4” are prepared
according to the following method:

[0128] Repeat the preparation of battery 1 and irregular-
shaped battery S1, wherein the contents of organic solvent
A, additive B and additive C in various batteries are
changed, and other conditions are not changed.

[0129] During preparing the battery, the kinds and con-
tents of electrolyte in various batteries and additives used in
various electrolytes are listed in table 2 as below:

trolyte at 25[7] through surface tension meter; testing the
wetting time by dropping the electrolyte on the surface of the
anode sheet and then testing the disappearance time of the
electrolyte, the result of which is shown in table 3; wherein
the smaller the surface tension is, the better the wettability
is, and the shorter the disappearance time of the electrolytic
time is, the better the wettability of the electrolyte is.

[0133] (2) Test on High Temperature Storage of Lithium-
ion Batttery

[0134] The obtained batteries are respectively tested as
below: statically keeping the battery for 30 minutes, charg-
ing it with constant currents at a rate of 0.5 C until the

TABLE 2
Other Additive
Organic additive D

Battery Battery Electrolyte Solvent A Additive B Additive C Type and  Type and
No. No. No. Type Dosage Type Dosage Type Dosage  dosage dosage
Battery S1* Electrolyte — 0% — 0% — 0% -, 0% -, 0%
1* 1#
Battery S2* Electrolyte Al 20% — 0% — 0% VC + -, 0%
2 o PS, 5%
Battery  S3* Electrolyte Al 20% BI1 2% — 0% VC + -, 0%
3* 3* PS, 5%
Battery S4* Electrolyte Al 20% — 0% C1 2% VC + -, 0%
4# 4 PS, 5%
Note:

in table 2, VC weight:PS weight = 2:3, and“-"represents no substance to be selected.

[0130] Performance Test

[0131] (1) Test on Wettability of Electrolyte

[0132] The wettability of the electrolyte prepared in the
embodiments and comparative examples are tested by the
following method: testing the surface tension of the elec-

voltage reaches to 4.45V, and continuing charging it under
constant voltage of 4.45V until the currents reach to 0.05 C;
static keeping the battery for 5 minutes, then storing it at 60°
C. for 4 hours, and finally testing the thickness expansion
rate of the battery, the related results of which are shown in
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table 4, wherein the thickness expansion rate of the battery
is calculated through the following formula:
thickness expansion rate=[(thickness after storage—

thickness before storage)/thickness before stor-
age]x100%.

[0135] (3) Test on Cycle life of Lithium-ion Battery at
4501
[0136] The obtained batteries are respectively tested as

below: charging the battery with constant currents of 1 C at
45 until voltage reaches to 4.45V, continuing the constant
voltage charge until the currents reach to 0.05 C, and then
discharging the battery with constant currents of 1 C until
voltage reaches to 3V, which at this time constitutes the
initial primary; repeating the battery circulation according to
the previous conditions in multiple times, calculating the
capacity retention rate of the battery after the circulation of
50 times, 100 times, 200 times and 300 times respectively,
wherein the capacity retention rate after circulations is
calculated according to the following formula and the results
of the test are shown in table 4:

capacity retention rate after circulations=(discharge
capacity corresponding to circulation/discharge
capacity of the initial circulation) x100%.

[0137] It needs to be explained that in table 4, the mark
¢ above the data of the thickness expansion rate and the
capacity retention rate after circulations represents the data
related to batteries 1~17 and 17~4", and 2 represents the
data related to batteries S1~S17 and S17S4*

[0138] (4) Test on DC Internal Resistance of Lithium-ion
Battery

[0139] The obtained batteries are respectively tested by
the following method: discharging the battery with constant
currents of 1 C at 25 until the voltage reaches to 4.45V,
then charging it at constant voltage of 4.45V until the
currents<0.05 C, leaving the battery alone for 5 minutes,
discharging the battery with constant currents of 1 C until
the voltage reaches to 3V, recording the actual discharge
capacity, adjusting the actual capacity of the battery to be
50% of the full charge capacity, discharging battery con-
tinuously with the currents of 0.3 C for 10 s (0.3 C-10 s),
dividing the difference between the voltage before discharge
and the voltage when discharge terminates by the currents to
obtain the DC internal resistance (DCIR) (adopting the
average value of the test results of 15 batteries), wherein the
test data of the DCIR is shown in table 5.

[0140] (5) Test on Rate Capacity of Lithium-ion Battery
[0141] The obtained batteries are respectively tested by
the following method: discharging the battery with the
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constant currents of 0.5 C until the voltage reaches to 3.0V,
leaving the battery alone for 5 minutes, charging the battery
with the constant currents of 0.5 C until the voltage reaches
to 4.45V, continuing charging the battery with the constant
voltage until the currents reach to 0.05 C, static keeping the
battery for 5 minutes, and then discharging the battery with
constant currents of respective 0.2 C,0.5C, 1 C,2 C and 3
C until the voltage reaches to 3.0V; recording the discharge
capacity under the conditions 0f 0.2 C, 0.5 C, 1 C, 2 C and
3 C, and calculating the discharge capacity retentation rate
at different rates based on the discharge capacity under 0.2
C (adopting the average value of the test results of 15
batteries), wherein the related data is shown in table 5.

[0142] It needs to be explained that in table 5, the mark
4 above the data of the DCIR of 50% of full charge capacity
and discharge capacity retention rates at different rates
represents the data related to batteries 1~17 and 1%~4%, and
2 represents the data related to batteries S1~S17 and
S1#~84%,

TABLE 3
Surface

Electrolyte tension

No. mN/m Wetting time/S
Electrolyte 1 23.1 55
Electrolyte 2 16.6 50
Electrolyte 3 155 44
Electrolyte 4 19.3 55
Electrolyte 5 18.9 52
Electrolyte 6 18.5 51
Electrolyte 7 17.8 45
Electrolyte 8 13.6 42
Electrolyte 9 17.9 54
Electrolyte 10 21.7 57
Electrolyte 11 22.8 52
Electrolyte 12 183 49
Electrolyte 13 20.6 55
Electrolyte 14 18.9 52
Electrolyte 15 14.5 43
Electrolyte 16 12.1 38
Electrolyte 17 133 40
Electrolyte 1# 80.6 130
Electrolyte 2% 45.6 74
Electrolyte 3* 40.5 70
Electrolyte 4% 429 68

[0143] As seen from the relevant data in table 3, electro-
lytes 1~17 have relatively low surface tension and short
wetting time as compared with the electrolytes 1%~4”, the
electrolyte provided by the present disclosure has an excel-
lent wettability.

TABLE 4
Thickness Capacity retention rate after n times of circulation at 45° C.
expansion (%)
rate/% 50 times 100 times 200 times 300 times

©) @
Batteryl  S1
Battery2 =~ S2
Battery3  S3
Battery4  S4
Battery5 S5
Battery6  S6
Battery7  S7
Battery8 S8

6.3 53 955 94.3 93.6 924 90.7 89.5 8.3 8.1
5.8 48 957 94.8 935 926 90.6 89.7 8.2 873
5.7 47 959 95.1 94 932 91.1 903 88.8 88

5 4 94.2 934 919 0911 88.6 87.8 869 86.1
6.8 58 932 924 91.1 903 882 874 859 851
74 64 933 92.5 91.6 90.8 882 874 859 851
6.8 58 959 95.1 945 93.7 913 90.5 89.2 884
5.6 4.6 968 96.3 953 945 938 921 91.8 90.5
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TABLE 4-continued

Thickness Capacity retention rate after n times of circulation at 45° C.
expansion (%)
rate/% 50 times 100 times 200 times 300 times

©) © 0O 0 0 0 00 0 0o O O
Battery9  S9 6.5 55 933 92.5 90.5 89.7 879 8&7.1 842 834
Batteryl0  S10 6.3 53 919 91.1 89.1 88.3 86.3 855 83.6 828
Batteryll SI1 5.9 49 94.6 93.8 933 925 904 89.6 87.6 868
Batteryl2 S12 53 43 95 94.2 929 921 89.9 89.1 883 875
Batteryl3 S13 6.8 5.8 948 94 93 92.2 904 89.6 882 874
Batteryl4 S14 6.5 5.5 951 94.5 93.8 928 91.1 90.7 894 883
Batteryl5 S15 6.1 5.2 957 95.1 942 -93.6 928 91.1 90.5 89.8
Batteryl6 S16 5.1 42 979 96.8 954 947 939 92.6 91.6 909
Batteryl7 S17 5.8 4.6  96.9 96.4 95.1 942 932 91.8 91.1 903
Batteryl*  S1# 235 22 91.7 814 869 766 813 71 76.5  66.2
BatteryZ# i 40.2 432 905 80.2 845 742 778 675 714 611
Battery3# eid 165 155 92 81.7 86 75.7 793 69 729 62.6
Battery4# S4* 232 229 90.6 80.3 84.6 743 719 67.6 715 61.2
[0144] As seen from the relevant date in table 4, as is capable of improving the storage performance and cycle

compared with batteries 1~4 and S17°~S4”, batteries 1~17
and S1~S17 have relatively low thickness expansion rate
and relatively high capacity retention rate tested after storing
the batteries in full charge for 4 hours at 60[] and cycle life
the batteries in 50, 100, 200 and 300 times.

life performance of the regular and irregular shape batteries,
specifically the storage performance of the batteries at the
high voltage of above 4.45V at 60[] and the cycle life
performance of the batteries at the high voltage of above
4.45V at 45, and in particularly the storage performance

[0145] In view of the above, the application of the elec- and cycle life performance of the ladder shaped batteries at
trolyte provided by the disclosure to the lithium-ion battery high temperature and voltage.
TABLE 5
50% of the
full charge
capacity

DCIR Discharge capacity retension rate of different rate capacity/%

(mohm) 0.5C 1c 2¢C 3C
® @ 0 oo oo 0o 0 o0 o0 o o0
Batteryl ~ S1 56.6 432 954 963 886 89.6 779 799 672 68.1
Battery2 82 524 415 949 95.8 87.5 8.1 76.5 786 669 679
Battery3 ~ S3 453 355 963  96.1 889 889 783 787 673 67.8
Battery4 ~ S4 50.5 38.6 943 948  87.6 88.6 769 779 669 68.9
Battery5 S5 51.8 456 938 95.9 85.3 873 762 772 658 66.2
Battery6 ~ S6 509 434 952 957 862 873 759 781 671 673
Battery7 ~ S7 55.9 421 961 964 849 855 746 78.6 663 66.8
Battery8 S8 543 338 945 97.2 84.3 93.1 735 905 656 8.6
Battery9  S9 512 422 939 947 8.1 863 741 749 649 66.9
Batteryl0  S10 59.8 462 942 949 849 853 752 764 651 67.5
Batteryll S11 552 451 956 958 8.3 8.1 750 763 662 67.2
Batteryl2 S12 584 461 928 93.8 853 858 753 773 658 66.8
Batteryl3 S13 572 473 921 926 859 862 746 763 652 65.7
Batteryld S14 567 453 932 931 88.6 877 755 778 619 684
Batteryl5 S15 542 389 944 937 897 885 765 78.6 683 69.8
Batteryl6  S16 515 306 964 978 885 945 773 913 666 883
Batteryl7 S17 53.5 324 951 973 865 941 752 90.8 659 87.9
Batteryl® S1* 1102 1452 83.5 817 732 712 675 645 S57.6 55.6
Battery2*  S2* 124.8 1652 823 80.3 70.5 69.5 627 60.7 553 533
Battery3* S3*  109.4 1347 85.6 80.6 724 704 654 644 562 54.2
Battery4* S4*  103.7 1425 841 811 715 713 643 633 551 541
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[0146] As seen from the relevant data of table 5, as
compared with batteries 1~4 and S17~S4”, batteries 1~17
and S1~S17 have relatively low DC internal resistance and
relatively high capacity retention rate obtained by both the
DC internal resistance test and the respective test at different
rates of 0.2 C,05C,1C,2 Cand 3 C.

[0147] As seen from the above, the application of the
electrolyte provided in this disclosure to the lithium-ion
battery improves the rate capacity of the battery in both
regular and irregular shapes.

[0148] It will be appreciated that the present invention is
not limited to the exact construction that has been described
above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without
departing from the scope thereof. It is intended that the
scope of the invention only be limited by the appended
claims.

1. An electrolyte, wherein the electrolyte comprising:
lithium salt, a non-aqueous organic solvent and additives,
wherein the non-aqueous organic solvent comprises a car-
boxylate compound, and the additives comprise a fluo-
roether compound and a dinitrile compound comprising an
ether bond.

2. The electrolyte according to claim 1, wherein the
carboxylate compound is selected from one or more of the
compounds represented in the following formulas I, II, III
and IV:

Formula I
(¢]
2 )I\O Ry
)
Formula IT
O;
Ry——
L
[¢]
Formula IIT
O; and
(0]
)
Formula IV
O;
./

Rs

wherein, R, R,, R;, R, and Ry are respectively selected
from one of a hydrogen atom, a halogen atom, a
cyano-group, an alkyl having 1~20 carbon atom(s), an
alkenyl having 2~20 carbon atoms, an aryl having 6~26
carbon atoms, a group containing oxygen atoms in the
alkyl having 1~20 carbon atom(s), the alkenyl having
2~20 carbon atoms and the aryl having 6~26 carbon
atoms, and a group formed by substituting the alky
having 1~20 carbon atom(s), the alkenyl having 2~20
carbon atoms and the aryl having 6~26 carbon atoms
with a halogen atom or a cyano group, wherein the
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halogen atom is F, Cl and Br, and neither R, and R, is
a hydrogen atom, a halogen atom or a cyano group.

3. The electrolyte according to claim 2, wherein R,, R,,
R;, R, and R; are respectively selected from one of a chain
alkyl containing 1~6 carbon atom(s), a naphthenic contain-
ing 3~8 carbon atoms, an alkenyl having 2~6 carbon atoms,
an aryl having 6~14 carbon atoms, an alkoxyl having 1~6
carbon atom(s), an alkyl ether having 2~6 carbon atoms, an
alkenyloxy having 2~8 carbon atoms, an alkenyl ether
having 3~8 carbon atoms, an aryloxy having 6~14 carbon
atoms, an arylether having 7~14 carbon atoms, a haloge-
nated chain alkyl having 1~6 carbon atom(s), a halogenated
naphthene having 3~8 carbon atoms, a halogenated alkenyl
having 2~6 carbon atoms, a halogenated aryl having 6~14
carbon atoms, a chain alkyl cyano group having 2~6 carbon
atoms, and a naphthene cyano group having 4~8 carbon
atoms.

4. The electrolyte according to claim 1, wherein the
fluoro-ether compound is selected from one or more of the
compounds represented by the following formulas V and VI:

Formula V
R¢—O—Ry;

Formula VI
Rg—tRi3—09;Ry;

wherein, Rg and R, are respectively selected from one of

a fluoro alkyl having 1~20 carbon atom(s), a fluoro
alkenyl having 2~20 carbon atoms, and a fluoro aryl
having 6~22 carbon atoms; and

R, and R, are respectively selected from one of an alkyl

having 1~10 carbon atom(s), an alkenyl having 2~10
carbon atoms, an aryl having 6~14 carbon atoms, a
fluoro alkyl having 1~10 carbon atom(s), a fluoro
alkenyl having 2~10 carbon atoms and a fluoro-aryl
having 6~14 carbon atoms, R, ; is selected from one of
a fluoroalkylene having 1~20 carbon atom(s), a fluoro
alkenylene having 2~20 carbon atoms and a fluoro
arylidene having 6~22 carbon atoms, and n is an integer
between 2~10.

5. The electrolyte according to claim 4, wherein:
R4 and R, are respectively selected from a fluoro chain

alkyl having 1~6 carbon atom(s), a fluoro naphthene
having 3~8 carbon atoms, a fluoro alkenyl having 2~6
carbon atoms and a fluoro aryl having 6~14 carbon
atoms;

Ry and R, are respectively selected from one of a chain

alkyl having 1~6 carbon atom(s), a naphthene having
3~8 carbon atoms, an alkenyl having 2~6 carbon
atoms, an aryl having 6~10 carbon atoms, a fluoro
chain alkyl group having 1~6 carbon atom(s), a fluoro
naphthene having 3~8 carbon atoms, a fluoro alkenyl
having 2~6 carbon atoms and a fluoro aryl having 6~10
carbon atoms, and R, ; is selected from one of a chain
fluoro alkylene having 1~6 carbon atom(s), a fluoro
cyclic alkylene having 3~8 carbon atoms, a fluoro
alkenylene having 2~8 carbon atoms and a fluoron
arylidene having 6~12 carbon atoms.

6. The electrolyte according to claim 1, wherein the
dinitrile compound comprising an ether bond is selected
from one or more of compounds represented by the follow-
ing formula VII:
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Formula VII
NC—Rp0—R|9;7-0—R,—CN;

wherein, R, R;, and R, are respectively selected from
one of an alkylene having 1~10 carbon atom(s), an
alkenylene group having 2~10 carbon atoms, and a
fluoro alkylene group having 1~10 carbon atom(s), and
m is an integer between 1~10.

7. The electrolyte according to claim 6, wherein R, Ry,
and R,, are respectively selected from one of a chain
alkylene group having 1~6 carbon atom(s), a cyclic alkylene
group having 3~8 carbon atoms, an alkenylene group having
2~6 carbon atoms, a chain fluoro alkylene group having 1~6
carbon atom(s), and a fluoro cyclic alkylene group having
3~8 carbon atoms.

8. The electrolyte according to claim 1, wherein the
content of the carboxylate compound takes 1~70% in the
total weight of the electrolyte, the content of the fluoroether
compound takes 0.01~5% in the total weight of the electro-
lyte, and the content of the dinitrile compound comprising
an ether bond takes 0.01~5% in the total weight of the
electrolyte.

14

Mar. 23, 2017

9. The electrolyte according to claim 1, wherein:

the additive further comprises at least one of a cyclic
carbonate compound containing an unsaturated carbon-
carbon bond, a fluorocarbonate compound, and a cyclic
ester compound containing at least a sulphur-oxygen
double bond;

the lithium salt is selected from one or more of lithium

hexafluorophosphate, lithium tetrafluoroborate, lithium
hexafluoroarsenate, lithium perchlorate, lithium trifluo-
rosulfonyl, lithium bis(trifluoromethylsulfonyl)imide,
lithium bis(fluorosulfonyl)imide, lithium tri(trifluo-
romethylsulfonyl)methyl; and

the non-aqueous organic solvent comprises one or more

of ethylene carbonate, propylene carbonate, dimethyl
carbonate, diethyl carbonate, ethyl methyl carbonate,
y-butyrolactone, methyl formate, ethyl formate, propyl
formate, ethyl propionate, propyl propionate, butyl
formate, butyl acetate, butyl propionic acid, butyl pro-
pionate, butyl butyrate and tetrahydrofuran.

10. A lithium-ion battery, wherein the lithium-ion battery
comprising acathode sheet containing a positive active mate-
rial, an anode sheet containing a negative active material, a
lithium battery separator and the electrolyte according to
claim 1.
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