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NEGATIVE ELECTRODE, NEGATIVE
ACTIVE MATERIAL, METHOD OF
PREPARING THE NEGATIVE ELECTRODE,
AND LITHIUM BATTERY INCLUDING THE
NEGATIVE ELECTRODE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/206,811, filed on Aug. 10, 2011, which
claims the benefit of Korean Patent Application No. 10-2011-
0004529, filed on Jan. 17, 2011 in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of the present disclosure relate to negative
electrodes, negative active materials, methods of preparing
the negative electrodes, and lithium batteries including the
negative electrodes, and more particularly, to negative elec-
trodes with high charge and discharge efficiency and good
cycle characteristics, negative active materials, methods of
preparing the negative electrodes, and lithium batteries
including the negative electrodes.

[0004] 2. Description of the Related Art

[0005] Lithium batteries are rechargeable at high rates, and
have an energy density per unit three times greater than those
of conventional lead storage batteries, nickel-cadmium bat-
teries, nickel-hydrogen batteries, nickel-zinc batteries, etc.
Since lithium batteries operate at high operating voltages,
they are not used together with an aqueous electrolyte solu-
tion that is highly reactive to lithium. In general, lithium
batteries include an organic electrolyte solution. The organic
electrolyte solution is prepared by dissolving a lithium salt in
an organic solvent. An organic solvent that is suitable for
preparing the organic electrolyte solution may be any one of
various solvents that are stable at high voltage and have high
ion conductivity, a high dielectric rate, and low viscosity.

[0006] Ifalithium battery includes a polar carbonate-based
and non-aqueous solvent, excess charges are used due to a
side reaction between a carbon electrode that is a negative
electrode and an electrolyte solution during initial charging,
which is an irreversible reaction. Due to the irreversible reac-
tion, a passivation layer such as a solid electrolyte interface
(SEI) is formed on the surface of the negative electrode.

[0007] During charging and discharging, the SEI prevents
decomposition of the electrolyte solution and performs as an
ion tunnel. During charging and discharging, the SEI allows
only lithium ions to pass therethrough, and blocks flow ofthe
organic solvent moving together with lithium ions in the
electrolyte solution.

[0008] Only lithium ions are intercalated in the carbon elec-
trode that is a negative electrode and the organic solvent is not
cointercalated with the lithium ions, thereby preventing col-
lapsing of the structure of the negative electrode. In general,
an additive, such as vinylene carbonate or vinylene sulfate, is
used in an electrolyte solution of a lithium battery in order to
form a high-quality SEI on the surface of the negative elec-
trode, and the use of the additives leads to higher capacity
retention rate, better cycle characteristics, and higher stability
of the lithium battery.
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[0009] However, the greater surface area ofthe carbon elec-
trode that is a negative electrode and the smaller carbon
particle size, for example, a nanoparticle size, bring about
more side reactions between the carbon electrode that is a
negative electrode and the electrolyte solution and thus, the
SElis not formed. Thus, high capacity retention rate and good
cycle characteristics of a lithium battery may not be obtained
only by using the additives of the lithium battery.

SUMMARY

[0010] Aspects of the present invention provide negative
electrodes having good capacity retention rate characteristics
and good cycle characteristics.

[0011] Aspects of the present invention provide negative
active materials having good capacity retention rate charac-
teristics and good cycle characteristics.

[0012] Aspects of the present invention provide methods of
preparing the negative electrodes.

[0013] Aspects of the present invention provide lithium
batteries including the negative electrodes.

[0014] According to an aspect of the present invention, a
negative electrode includes a current collector; a negative
active material layer formed on the current collector; and a
polymer coating layer that is formed on the negative active
material layer and includes a fluorinated acrylate type poly-
mer.

[0015] According to another aspect of the present inven-
tion, a negative active material includes a core that interca-
lates or deintercalates lithium, and a coating layer formed on
atleast a portion of the core, wherein the core includes at least
one material selected from the group consisting of a carbon-
aceous negative active material and a metal-based negative
active material, and the coating layer includes a fluorinated
acrylate type polymer.

[0016] According to another aspect of the present inven-
tion, a method of preparing a negative electrode includes:
preparing a negative active material composition by mixing a
negative active material, a conductive agent, a binder, and a
solvent; forming a negative active material layer by coating a
current collector with the negative active material composi-
tion; and forming a polymer coating layer including a fluori-
nated acrylate type polymer on the negative active material
layer by coating the negative active material layer with a
solution including the fluorinated acrylate type monomer and
having a viscosity of about 0.5 cP to about 1000 cP and
polymerizing the fluorinated acrylate type monomer.

[0017] According to another aspect of the present inven-
tion, a lithium battery includes: a positive electrode; the nega-
tive electrode as described above; and an electrolyte.

[0018] Additional aspects and or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be apparent from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings, of which:
[0020] FIG. 1 is a schematic view to explain a method of
preparing a negative electrode according to an embodiment of
the present invention; and
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[0021] FIG. 2 is a graph showing cycle characteristics of
lithium batteries including negative electrodes manufactured
according to Examples 5-8 and Comparative Examples 4-6.

DETAILED DESCRIPTION

[0022] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present invention by referring to the figures.

[0023] Hereinafter, a negative electrode, a negative active
material, a method of preparing the negative electrode, and a
lithium battery including the negative electrode, according to
embodiments of the present invention, will be described in
detail. However, the embodiments presented herein are exem-
plary and the present invention is not limited thereto and is
defined only by the claims.

[0024] A negative electrode according to an embodiment of
the present invention includes a current collector; a negative
active material layer formed on the current collector; and a
polymer coating layer formed on the negative active material
layer, wherein the polymer coating layer may include a flu-
orinated acrylate type polymer.

[0025] The fluorinated acrylate type polymer refers to a
polymer compound having the structure of an acrylate type
polymer having a fluoride as a substituent.

[0026] The polymer coating layer formed on the negative
active material layer has a high mechanical strength due to
combining of F of the fluorinated acrylate type polymer and
H™" present at a surface of the negative active material layer.
Also, the polymer coating layer may have high flexibility due
to the inclusion of the fluorinated acrylate type polymer.
[0027] Thefluorinated acrylate type polymer may include a
repeating unit represented by Formula 1 below.

<Formula 1>

R, Ry
Al
b =0
b
(X)a—('éﬁ'b-Rs
Il{s
[0028] where
[0029] R, to R; may each be independently a hydrogen

atom, a fluorine atom, a C, to C,, alkyl group, a fluorine
atom-substituted C, to C,, alkyl group, a C, to C,, alkenyl
group, a fluorine atom-substituted C, to C,, alkenyl group, a
Cq to C,q aryl group, or a fluorine atom-substituted Cg to C,
aryl group;

[0030] R, to Ry may each be independently a hydrogen
atom, a fluorine atom, CH;, CHF,, CH,F, or CFj;

[0031] X is CH,, CHF, or CF,; and

[0032] ais an integer of O to 10, and b is an integer of O to
10,

[0033] wherein a weight average molecular weight of the

fluorinated acrylate type polymer may be about 200 to about
500,000, for example, about 5,000 to about 300,000, and for
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example, about 10,000 to about 200,000, and any one of R, to
R may include at least one fluorine atom.

[0034] Examples of the C, to C,, alkyl group used in For-
mula 1 are methyl, ethyl, propyl, isobutyl, sec-butyl, ter-
butyl, neo-butyl, iso-amyl, and hexyl.

[0035] Examples of the C, to C,, alkenyl group used in
Formula 1 are vinylene, and allylene.

[0036] Examples of the C, to C,, aryl group used in For-
mula 1 are phenyl, naphthyl, and tetrahydronaphthyl.

[0037] Due to the fluorinated acrylate type polymer, the
polymer coating layer formed on the negative active material
layer has high mechanical strength. Thus, a lithium battery
including the negative electrode including the polymer coat-
ing layer has a high capacity retention rate and good cycle
characteristics.

[0038] The fluorinated acrylate type polymer may be a
fluorinated (meth)acrylate-based polymer.

[0039] The fluorinated (meth)acrylate-based polymer may
be a fluorinated acrylate-based polymer, or a fluorinated
methcrylate polymer.

[0040] Nonlimiting examples of the fluorinated acrylate
type polymer include poly(2,2,2-trifluoroethyl (meth)acry-
late), poly(2,2,3,3-tetrafluoropropyl (meth)acrylate), poly(2,
2,3,3,3-pentafluoropropyl (meth)acrylate), poly(2,2,3,4,4,4-

hexafluorobutyl (meth)acrylate), poly(2,2,3,3.4,4,4-
heptafluorobutyl  (meth)acrylate), poly(2,2,3,3,4,4,5,5-
octafluoropentyl (meth)acrylate) (or poly(l H, 1H,

SH-octafluoropentyl (meth)acrylate)), poly(3,3,4,4,5,5,6.,6,
6-nonafluorohexyl (meth)acrylate), poly(1,1,1,3,3,3-
hexafluoroisopropyl (meth)acrylate), and a combination
thereof. For example, the fluorinated acrylate type polymer
may be poly(2,2,2-trifluoroethyl methacrylate), poly(2,2,3,3,
3-pentafluoropropyl methacrylate), or poly(2,2,3,3,4,4,5,5-
octafluoropentyl methacrylate) (or poly(l H, 1H, SH-oc-
tafluoropentyl methacrylate)).

[0041] A polymerization method for obtaining the fluori-
nated acrylate type polymer may not be limited. For example,
the fluorinated acrylate type polymer may be formed by ther-
mally polymerizing a fluorinated acrylate type monomer rep-
resented by Formula 3 below or irradiating an active ray, such
as ultraviolet light, to a fluorinated acrylate type monomer
represented by Formula 3 below.

[0042] The fluorinated acrylate type polymer may further
include a repeating unit represented by Formula 2 below and
in this case, the fluorinated acrylate type polymer is referred
to as a copolymer:

<Formula 2>

R;
I
_(_CHZ_T_)_

C=0
|

(@]

|

Rg

[0043] whereR-isH, or CH;, and R, is alinear or branched
C, to C, alkyl group, wherein a weight average molecular
weight of the copolymer is about 200 to about 500,000, for
example, about 5,000 to about 300,000, for example, about
10,000 to about 200,000.

[0044] That is, the fluorinated acrylate type polymer may
be a copolymer represented by Formula 5.
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<Formula 5>

Cc=0
(l) Ry 0
Ql(?a—fclﬁb_Rs Il{s
&
[0045] where
[0046] R, toRg, X, a, and b are already defined in connec-

tion with Formula 1;

[0047] R, and Ry are already defined in connection with
Formula 2; and
[0048] n:m may have a ratio ranging from about 0.6:0.4 to

about 1:0, for example, a ratio ranging from about 0.7:0.3 to
about 0.9:0.1,

[0049] wherein any one of R, to R includes at least one
fluorine atom.
[0050] The ratio of the repeating units of the copolymer

may differ according to the degree of formation of the poly-
mer coating layer.

[0051] If the ratio of the fluorinated acrylate type copoly-
mer is within the ranges described above, the polymer coating
layer including the fluorinated acrylate type copolymer has
high mechanical strength and high elasticity.

[0052] Accordingly, the polymer coating layer including
the fluorinated acrylate type polymer may prevent a side
reaction between the negative electrode and an electrolyte
solution, thereby blocking deterioration of lifetime, and a
lithium battery including the negative electrode may have
better lifetime characteristics.

[0053] An amount of the fluorinated acrylate type polymer
may be about 0.0001 to about 3 parts by weight, for example,
about 0.001 to about 3 parts by weight, based on 100 parts by
weight of the negative active material layer.

[0054] If the amount of the fluorinated acrylate type poly-
mer is within the ranges described above, the polymer coating
layer is formed on the negative active material layer by ther-
mal treatment so that direct contact between the negative
electrode and an electrolyte solution may be reduced during
charging and discharging and a side reaction between the
negative electrode and an electrolyte solution is blocked.
Thus, a lithium battery having good battery characteristics
may be effectively manufactured.

[0055] That is, the negative active material layer has a plu-
rality of negative active material particles, and the polymer
coating layer may form a cross-link between adjacent nega-
tive active material particles.

[0056] Accordingly, since the polymer coating layer may
be maintained even at a high temperature of about 300° C. or
higher and direct contact between the negative electrode and
an electrolyte solution is reduced, battery characteristics,
such as lifetime characteristics and cycle characteristics, may
be improved.

[0057] A specific surface area of the negative active mate-
rial layer may be about 0.4 to about 150 m*/g, for example,
about 0.5 to about 50 m*/g,

[0058] If a lithium battery includes a negative electrode
including a negative active material layer having the specific
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surface area ranges described above, the formation of the
polymer coating layer may be more effective in obtaining
better battery characteristics.

[0059] An average diameter of the negative active material
particles may be about 20 nm to about 2 pm, for example,
about 20 nm to about 1 p. If the average diameter of the
negative active material particles is within the ranges
described above, the particle size is small and thus the interval
between particles is wide, thereby enabling manufacturing of
a battery having high-rate characteristics, such as high charge
and discharge efficiency.

[0060] Also, the negative active material may swell by
intercalation of lithium ions during charging. For example, a
volumetric expansion rate of the negative active material is
about 10% to about 400%. The volumetric expansion rate of
the negative active material may be calculated according to
Equation 1.

Volumetric Expansion Rate of Negative Active Mate-
rial (%)=[volume of negative active material dur-
ing charging once to 10 times]/[volume of nega-
tive active material of novel electrode (volume of
negative active material during discharging once

to 10 times)]x100 <Equation 1>

[0061] For example, the negative active material may
include inorganic particles, such as silicon or tin, and the
volume of the negative active material may increase up to 300
to 400% of its original volume.

[0062] However, lithium titanium oxides have a very small
volumetric rate and thus are not included in the volumetric
expansion range described above.

[0063] The negative active material layer may further
include a conductive agent and a binder.

[0064] A negative active material according to an embodi-
ment of the present invention includes a core that intercalates
or deintercalates lithium, and a coating layer formed on at
least a portion of the core, wherein the core may include at
least one material selected from the group consisting of a
carbonaceous negative active material and a metal-based
negative active material, and the coating layer may include a
fluorinated acrylate type polymer.

[0065] The fluorinated acrylate type polymer may include,
for example, a repeating unit represented by Formula 1
below:

<Formula 1>

R, Ry
b =0
bow,
()l(ﬁa—eéﬁb—Rs
Il{s
[0066] where
[0067] R, to R; may each be independently a hydrogen

atom, a fluorine atom, a C, to C,, alkyl group, a fluorine
atom-substituted C, to C,, alkyl group, a C, to C,, alkenyl
group, a fluorine atom-substituted C, to C,, alkenyl group, a
Cq 1o C,, aryl group, or a fluorine atom-substituted Cg to C,

aryl group;
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[0068] R, to R; may each be independently a hydrogen
atom, a fluorine atom, CH;, CHF,, CH,F, or CFj;

[0069] X is CH,, CHF, or CF,; and

[0070] ais an integer of O to 10, and b is an integer of O to
10,

[0071] wherein a weight average molecular weight of the

fluorinated acrylate type polymer may be about 200 to about
500,000, for example, about 5,000 to about 300,000, and for
example, about 10,000 to about 200,000, and any one of R, to
R may include at least one fluorine atom.

[0072] The fluorinated acrylate type polymer may include,
for example, at least one selected from the group consisting of
poly(2,2,2-trifluoroethyl (meth)acrylate), poly(2,2,3,3-tet-
rafluoropropyl (meth)acrylate), poly(2,2,3,3,3-pentatluoro-
propyl (meth)acrylate), poly(2,2,3,4,4,4-hexatluorobutyl
(meth)acrylate), poly(2,2,3,3,4,4,4-heptatluorobutyl (meth)
acrylate), poly(2,2,3,3,4,4,5,5-octafluoropentyl (meth)acry-
late), poly(3,3,4,4,5,5,6,6,6-nonafluorohexyl (meth)acrylate)
and poly(1,1,1,3,3,3-hexafluoroisopropyl (meth)acrylate).
[0073] The fluorinated acrylate type polymer may further
include a repeating unit represented by Formula 2 below and
in this case, the fluorinated acrylate type polymer is referred
to as a copolymer:

<Formula 2>

Ry
I
_(‘CHZ—T‘)_

C=0
|

(@]

|

Rg

[0074] where R, isH, or CH;, and Ry is a linear or branched
C, to C, alkyl group,

[0075] wherein a weight average molecular weight of the
copolymer is about 200 to about 500,000, for example, about
5,000 to about 300,000, for example, about 10,000 to about
200,000.

[0076] If the coating layer including the fluorinated acry-
late type polymer is formed on at least a portion of the core,
internal stress may be reduced even when the volume of the
core increases or decreases and direct contact between the
core and the electrolyte solution is reduced, thereby prevent-
ing separation of the negative active material from the nega-
tive electrode current collector. Thus, characteristics of a
lithium battery, for example, cycle characteristics of a lithium
battery, may be improved.

[0077] A method of preparing a negative electrode accord-
ing to an embodiment of the present invention includes pre-
paring a negative active material composition by mixing a
negative active material, a conductive agent, a binder, and a
solvent; forming a negative active material layer by coating a
current collector with the negative active material composi-
tion; and forming a polymer coating layer including a fluori-
nated acrylate type polymer on the negative active material
layer by coating the negative active material layer with a
solution including the fluorinated acrylate type monomer and
having a viscosity of about 0.5 cP to about 1000 cP and
polymerizing the fluorinated acrylate type monomer.

[0078] FIG. 1 is a schematic view to explain a method of
preparing a negative electrode according to an embodiment of
the present invention. Referring to FIG. 1, a negative active
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material composition 1 is prepared by mixing a negative
active material, a conductive agent, a binder, and a solvent
(operation (a)).

[0079] The negative active material may be a carbonaceous
negative active material, metal-based negative active mate-
rial, or amixture thereof. The negative active material may be,
for example, natural graphite, a silicon/carbon composite
(S10,), silicon metal, silicon thin film, lithium metal, lithium
alloy, carbonaceous material, or graphite.

[0080] The conductive agent provides conductivity to the
negative electrode and may be any one of various materials
that conduct electrons and do not cause any chemical change
in a battery to be formed. The conductive agent may include
at least one material selected from the group consisting of
natural graphite, artificial graphite, carbon black, acetylene
black, ketjen black, carbon fiber, copper powder or fiber,
nickel powder or fiber, aluminum powder or fiber, silver pow-
der or fiber, and a polyphenylene derivative.

[0081] The binder may allow negative active material par-
ticles to be attached to each other and the negative active
material to be attached to the current collector. Nonlimiting
examples of the binder include polyvinylalcohol, carboxym-
ethylcellulose, hydroxypropylcellulose, diacetylcellulose,
polyvinylchloride, carboxylated polyvinylchloride, polyvi-
nylfluoride, ethylene oxide-containing polymer, polyvi-
nylpyrrolidone, polyurethane, polytetrafluoroethylene, poly-
vinylidene fluoride, polyethylene, polypropylene, styrene-
butadiene rubber, acrylated styrene-butadiene rubber, epoxy
resin, nylon, and a mixture thereof.

[0082] In this regard, amounts of the negative active mate-
rial, the conductive agent, and the binder may be at the equiva-
lent levels as used in a conventional lithium battery. For
example, a mixed weight ratio of the negative active material
to the mixture of the conductive agent and the binder may be
about 98:2 to about 92:8, and is not limited thereto, and a
mixed weight ratio of the conductive agent and the binder
may be about 1:1.5 to about 1:3, and is not limited thereto.
[0083] Thenegative active material composition 1 is coated
on a copper current collector 3 and dried to form a negative
active material layer 5 (operation (b)).

[0084] Alternatively, the negative active material composi-
tion 1 is cast on a separate support and a negative active
material film separated from the support is laminated on a
copper current collector 3.

[0085] The negative active material layer 5 may be formed
on the copper current collector 3 by coating with a doctor
blade. In this case, any coating method may be available as
long as the coating method does not adversely affect proper-
ties of the negative active material. Examples of the coating
method include spray coating, immersion, etc.

[0086] Then, a solution 7 including a fluorinated acrylate
type monomer and having a viscosity of about 0.5 cP to about
1000 cP is prepared (operation (c)), and the solution 7 is
coated on the negative active material layer 5 (operation (d)).
[0087] The fluorinated acrylate type monomer may include
a monomer represented by Formula 3:

<Formula 3>

R3
CH2=é
o
b on,
()l)a—('éﬁ'b‘Rs
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[0088] where
[0089] R, is a hydrogen atom, a fluorine atom, a C, to C,,

alkyl group, a fluorine atom-substituted C, to C,, alkyl group,
a C, to C,, alkenyl group, a fluorine atom-substituted C, to
C,, alkenyl group, a C4 to C,, aryl group, or a fluorine atom-
substituted Cg to C,, aryl group;

[0090] R,to R, are each independently a hydrogen atom, a
fluorine atom, CH;, CHF,, CH,F, or CF5;

[0091] X is CH,, CHF, or CF,; and

[0092] ais an integer of O to 10, and b is an integer of O to
10,

[0093] wherein a weight average molecular weight of the

fluorinated acrylate type monomer may be about 200 to about
500,000, for example, about 5,000 to about 300,000, for
example, about 10,000 to about 200,000, and any one of R, to
R may include at least one fluorine atom.

[0094] The C, to C,, alkyl group, the C, to C,, alkenyl
group, and the C to C,, aryl group used in Formula 1 are
already described above.

[0095] Nonlimiting examples of the fluorinated acrylate
type monomer include 2,2, 2-trifluoroethyl (meth)acrylate,
2,23 3-tetrafluoropropyl  (meth)acrylate, 2,2,3,3,3-pen-
tafluoropropyl (meth)acrylate, 2,2,3.4,4.4-hexatluorobutyl
(meth)acrylate, 2,2,3,3,4,4,4-heptatluorobutyl (meth)acry-
late, 2,2,3,3,4,4,5,5-octafluoropentyl (meth)acrylate (or 1H,
1H, SH-octafluoropentyl (meth)acrylate), 3,3.4.4,5,5,6,6,6-
nonafluorohexyl (meth)acrylate, and a mixture thereof. For
example, the fluorinated acrylate type monomer may include
2,2 2-trifluoroethyl methacrylate, 2,2,3,3,3-pentafluoropro-
pyl methacrylate, or 2,2,3,3,4,4,5,5-octafluoropentyl meth-
acrylate (or 1H, 1H, SH-octafluoropentyl methacrylate).
[0096] The fluorinated acrylate type monomer may further
include, for example, a fluorinated acrylate type monomer
represented by Formula 4 below, and a mixed ratio of the
monomer represented by Formula 3 to the monomer repre-
sented by Formula 4 may range from about 0.6:0.4 to about
1:0.

<Formula 4>

R;
|
H2C=T

C=0
|
(6]
|
Rg

[0097] where

[0098] R, is Hor CH;, and Ry is a linear or branched C, to

C, alkyl group; and a weight average molecular weight of a
copolymer obtained by polymerizing the fluorinated acrylate
type monomers represented by Formulae 3 and 4 is about 200
to about 500,000, for example, about 5,000 to about 300,000,
and for example, about 10,000 to about 200,000.

[0099] Also, the viscosity of the solution may be about 0.5
cP to about 1000 cP, for example, about 1 cP to about 200 cP.
If the viscosity of the solution is within the ranges described
above, the solution has fluidity and flowability. Thus, the
solution fills pores of the negative electrode and a surface of
the negative electrode is impregnated with the solution,
thereby enabling formation of a uniform coating layer and,
after drying, a coating layer with fewer cracks and craters.
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[0100] Then, the fluorinated acrylate type monomer is
dried by thermal polymerization to form a polymer coating
layer 9 including the fluorinated acrylate type polymer on the
negative active material layer 5 (operation (e)).

[0101] The fluorinated acrylate type polymer may include,
for example, a repeating unit represented by Formula 1
below:

<Formula 1>

R, R;
b
b =0
b on
()lea—eéab—Rs
k
[0102] where
[0103] R, to R; may each be independently a hydrogen

atom, a fluorine atom, a C, to C,, alkyl group, a fluorine
atom-substituted C, to C,, alkyl group, a C, to C,, alkenyl
group, a fluorine atom-substituted C, to C,, alkenyl group, a
C, to C,, aryl group, or a fluorine atom-substituted C, to C,,
aryl group;

[0104] R, to R may each be independently a hydrogen
atom, a fluorine atom, CH;, CHF,, CH,F, or CF;;

[0105] X is CH,, CHF, or CF,; and

[0106] ais an integer of O to 10, and b is an integer of O to
10,

[0107] wherein a weight average molecular weight of the

fluorinated acrylate type polymer may be about 200 to about
500,000, for example, about 5,000 to about 300,000, and for
example, about 10,000 to about 200,000, and any one of R, to
R may include at least one fluorine atom.

[0108] The C, to C,, alkyl group, the C, to C,, alkenyl
group, and the C, to C;, aryl group used in Formula 1 are
already described above.

[0109] In order to polymerize the fluorinated acrylate type
monomer, heating or irradiation of an active ray may be used.
The active ray may be, for example, an ultraviolet (UV) ray,
an electron ray, or an X-ray.

[0110] When the fluorinated acrylate type monomer is
polymerized, a polymerization initiator may be further used.
Nonlimiting examples of a polymerization initiator include: a
thermal polymerization initiator, such as azoisobisbutyroni-
trile, benzoyl peroxide, acetyl peroxide, or lauroyl peroxide;
a light polymerization initiator, such as ethylbenzoin ether,
isopropylbenzoin ether, a-methylbenzoin ethylether, ben-
zoin phenylether, a-acyloxime ester, a,a-diethoxy acetophe-
none, 1,1-dichloro acetophenone, 2-hydroxy-2-methyl-1-
phenylpropane-1-one, 1-hydroxy cyclohexyl phenyl ketone,
anthraquinone, 2-anthraquinone, 2-chloroanthraquinone,
thioxanthone, isopropyl thioxanthone, chlorothioxanthone,
benzophenone, p-chlorobenzophenone, benzyl benzoate,
benzoyl benzoate, or Michler’s ketone, and a mixture thereof.
[0111] An amount of the polymerization initiator may be
about 0.1 wt. % to about 5 wt. %, for example, about 0.5 wt.
% to about 3 wt. %, based on the weight of the fluorinated
acrylate type monomer.

[0112] If the fluorinated acrylate type monomer is ther-
mally polymerized to form the polymer coating layer 9, heat-
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ing may be performed under vacuum conditions. The vacuum
heating may be performed at a temperature of about 80 to
about 300° C. for about 1 hour to 3 hours. For example, the
vacuum heating may be performed at a temperature of about
100 to about 120° C. for 2 hours.

[0113] A concentration of the fluorinated acrylate type
monomer in the solution 7 may be about 0.5 to about 3 wt. %.
[0114] By controlling the concentration of the fluorinated
acrylate type monomer to be within the range described
above, the degree of forming the polymer coating layer 9, that
is, the amount or thickness of the polymer coating layer 9 may
be adjusted.

[0115] A lithium battery according to an embodiment of the
present invention includes a positive electrode; the negative
electrode as described above; and an electrolyte.

[0116] The lithium battery including the negative electrode
as described above may have improved battery characteris-
tics, such as capacity retention rate characteristics and cycle
characteristics.

[0117] The positive electrode may include a current collec-
tor and a positive active material layer.

[0118] The current collector may include aluminum (Al) or
copper (Cu), and is not limited thereto.

[0119] The positive active material layer may include a
positive active material, a binder, and a conductive agent of
which use is optional.

[0120] The positive active material may include a com-
pound that reversibly intercalates or deintercalates lithium,
that is, a lithiated intercalation compound. The compound
may be a compound represented by any one of the following
formulae:

[0121] Li, A, X,D, where 0.95=<a<l.1, and 0O<b=0.5;
Li,E, ,X,0, D, where 095=a 1.1, 0=b=0.5, 0=c=0.05;
LiE, ,X,0, D_. where 0=<b=0.5, 0=c=0.05; Li,Ni, ,Co,-
B_D,, where 0.95<a<0<b=<0.5, 0=c=0.05, O<a=<2; Li Ni, ,_
Co0,X 0, M, where 095=a<l1.1, 0s=b=0.5, 0=c=0.05,
O<a=2; Li,Ni;_, .Co,X_ 0, M, where 0.95=a<1.1, 0<b=0.
5, 0=c=<0.05, 0<a<2; Li Ni,_, Mn,X D, where 0.95=a<1.1,
0<b=0.5, 0=c=0.05, O<a=<2; Li,Ni, , Mn,X O, ,M_, where
0.95=a<1.1, 0=<b=0.5, 0=c=0.05, O<o<2; Li,Ni, , Mn-
»X.05. M., where 0.95=a=<1.1, 0=b=0.5, 0=c=<0.05, 0<a<2;
Li,Ni,E.G, 0, where 0.90=ax<l.l, 0<b=0.9, 0=c=0.5,
0.001=d=<0.1; Li,Ni,CoMn,GeO, where 0.90=a<l.l,
0<b=0.9, 0=c=0.5, 0=d<l.5, 0=e<0.1; Li,NiG,0, where
0.90=a<1.1, 0.001=b=<0.1; Li,CoG,O, where 0.90=a<l.1,
0.001=b=0.1; Li,MnG,0, where 0.90=a<1.1, 0.001=b=0.1;
Li,Mn,G,O, where 0.90=a<1.1, 0<b=<0.1; QO,; QS,; LiQ8S,;
V,05; LiV,05; LiZO,; LiNiVO,; Lis_»J,(PO,); (0=f=2);
Lis pFe,(PO,); (0=f<2); LiFePO,; and lithium titanate
(Li,T3,0,.).

[0122] For example, the positive active material may be
LiMn,O,, LiNi,O,, LiCoO,, LiNiO,, LiMnO,, Li,MnO;,
LiFePO,, or LiNi,Co,O, (0<x=<1.15, 0<y=1.85).

[0123] In the formulae as described above, A is selected
from the group consisting of Ni, Co, Mn, and a combination
thereof; X is selected from the group consisting of Al, Ni, Co,
Mn, Cr, Fe, Mg, Sr, V, a rare-earth element, and a combination
thereof; D is selected from the group consisting of O, F, S, P,
and a combination thereof; E is selected from the group
consisting of Co, Mn, and a combination thereof; M is
selected from the group consisting of F, S, P, and a combina-
tion thereof;, G is selected from the group consisting of Al, Cr,
Mn, Fe, Mg, La, Ce, Sr, V, and a combination thereof; Q is
selected from the group consisting of Ti, Mo, Mn, and a
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combination thereof; Z is selected from the group consisting
of Cr, V, Fe, Sc, Y, and a combination thereof; I is selected
from the group consisting of V, Cr, Mn, Co, Ni, Cu, and a
combination thereof, and are not limited thereto.

[0124] The binder may allow positive active material par-
ticles to be attached to each other and the positive active
material to be attached to the current collector. Nonlimiting
examples of the binder include polyvinylalcohol, carboxym-
ethylcellulose, hydroxypropylcellulose, diacetylcellulose,
polyvinylchloride, carboxylated polyvinylchloride, polyvi-
nylfluoride, ethylene oxide-containing polymer, polyvi-
nylpyrrolidone, polyurethane, polytetrafluoroethylene, poly-
vinylidene fluoride, polyethylene, polypropylene, styrene-
butadiene rubber, acrylated styrene-butadiene rubber, epoxy
resin, nylon, and a mixture thereof. The conductive agent
provides conductivity to the positive electrode and may be
any one of various materials that conduct electrons and do not
cause any chemical change in a battery to be formed. The
conductive agent may include at least one material selected
from the group consisting of natural graphite, artificial graph-
ite, carbon black, acetylene black, ketjen black, carbon fiber,
copper powder or fiber, nickel powder or fiber, aluminum
powder or fiber, silver powder or fiber, and a polyphenylene
derivative.

[0125] Inthis case, the amounts of the positive active mate-
rial, the binder, and the conductive agent may be at the equiva-
lent levels as used in a conventional lithium battery. For
example, a weight ratio of the positive active material to the
mixture of the conductive agent and the binder is 98:2 t0 92:8,
and is not limited thereto, and a mixed weight ratio of the
conductive agent to the binder may be about 1:1.5 to about
1:3, and is not limited thereto. In order to form the positive
active material layer, the positive active material and the
binder (optionally, the conductive agent may be included) are
mixed in a solvent to prepare a positive active material com-
position, and the positive active material composition is
coated on the current collector. This method of forming a
positive electrode is obvious in the art and thus, will not be
described in detail.

[0126] The solvent is not limited to the following, but may
be a chain carbonate, such as dimethyl carbonate, ethylm-
ethyl carbonate. diethyl carbonate, dipropyl carbonate, or a
fatty acid ester derivative; a cyclic carbonate, such as, ethyl-
ene carbonate, propylene carbonate, butylene carbonate,
y-butyrolactone, or N-methylpyrrolidone; dimethoxyethane
or diethoxyethane; acetone; or water.

[0127] Each ofthe positive active material composition and
the negative active material composition may further include
a plasticizer to form pores in the negative active material
layer.

[0128] A separator may additionally be present between the
positive electrode and the negative electrode.

[0129] The separator may be any one of various separators
that are used in a conventional lithium battery. The separator
may have low resistance to flow of ions of the electrolyte and
good electrolyte solution retaining ability. Examples of the
separator are glass fiber, polyester, polyethylene, polypropy-
lene, polytetrafluoroethylene (PTFE), and a combination
thereof, each of which may be in woven or non-woven form.
In detail, if the lithium battery is a lithium ion battery, a
windable separator formed of polyethylene or polypropylene
may be used; if the lithium battery is a lithium ion polymer
battery, and a separator having excellent organic electrolyte
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solution retaining ability may be used. Manufacturing meth-
ods for both will now be described in detail.

[0130] That is, a polymer resin, a filler, and a solvent are
mixed to prepare a separator composition, and then the sepa-
rator composition is directly coated and dried on an electrode
to form a separator film. Alternatively, the separator compo-
sition is cast or dried on a support, and a separator film
separated from the support is laminated on an electrode.
[0131] The polymer resin may not be limited, and may be
any one of various materials used in a binder of an electrode
plate. For example, the polymer resin may be a vinylidene-
fluoride/hexafluoropropylene copolymer, polyvinylidene-
fluoride, polyacrylonitrile, polymethylmethacrylate, and a
mixture thereof. In the case of a vinylidenefluoride/hexafluo-
ropropylene copolymer, the amount of hexafluoropropylene
is about 8 to about 25 wt. %.

[0132] The separator is disposed between the positive elec-
trode plate and the negative electrode plate to form a battery
assembly. The battery assembly is wound or folded and
placed in a cylindrical battery case or a rectangular battery
case, and an organic electrolyte solution is injected thereto.
The lithium battery may further include a polymer electro-
lyte. In the lithium battery, a monomer for forming a polymer
matrix is added to the organic electrolyte solution and is
polymerized. Alternatively, a polymer formed by polymeriz-
ing the monomer is added to the lithium battery, thereby
completing the manufacturing process for the lithium battery.
[0133] The polymer formed by polymerizing the monomer
may be, for example, polyethylene oxide (PEO), polypropy-
lene oxide (PPO), polyethylene imine (PEI), polyethylene
sulphide (PES), or polyvinyl acetate (PVAc), and is not lim-
ited thereto.

[0134] The lithium battery may be cylindrical, rectangular,
coin-shaped, or pouch-shaped. Also, the lithium battery may
be a bulky-type battery or a thin film-type battery. Also, the
lithium battery may be a primary battery or a secondary
battery. For example, the lithium battery may mainly be a
large-sized thin-film type lithium battery.

[0135] The organic electrolyte solution may include a
lithium salt, and a mixed organic solvent including a solvent
having a high dielectric constant and a solvent having a low
boiling point. The organic electrolyte solution may further
include various additives, such as an agent for preventing
overcharging.

[0136] A solventhaving a high dielectric constant foruse in
the organic electrolyte solution may be any one of various
solvents used in the art, and may be a cyclic carbonate, such
as ethylene carbonate, propylene carbonate, or butylene car-
bonate, or gamma-butyrolactone.

[0137] A solvent having a low boiling point for use in the
organic electrolyte solution may be any one of various sol-
vents used in the art, and may be a chain-type carbonate, such
as dimethyl carbonate, ethylmethyl carbonate, diethyl car-
bonate, or dipropyl carbonate, dimethoxyethane, diethoxy-
ethane, or an aliphatic ester derivative, and is not limited
thereto.

[0138] One or more hydrogen atoms present in the solvent
having a high dielectric constant and the solvent having a low
boiling point may be substituted with a halogen atom. The
halogen atom may be fluorine.

[0139] A mixed volumetric ratio of the solvent having a
high dielectric constant to the solvent having a low boiling
point may be about 1:1 to about 1:9. If the mixed volumetric
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ratio is outside the range described above, discharge capacity
characteristics and charge and discharge lifetime character-
istics may be degraded.

[0140] Also, a lithium salt for use in the organic electrolyte
solution may be any one of various materials used in a con-
ventional lithium battery, and may include at least one com-
pound selected from the group consisting of LiCIO,,
LiCF;80,, LiPF,, LiN(CF;S0,),, LiBF,, LiC(CF;80,),
and LiN(C,F¢S0,).,.

[0141] A concentration of the lithium salt in the organic
electrolyte solution may be about 0.5 to about 2 M. If the
concentration of the lithium salt is less than 0.5 M, conduc-
tivity of the organic electrolyte solution is decreased and thus
performance of the organic electrolyte solution is degraded.
On the other hand, if the concentration of the lithium salt is
higher than 2.0 M, viscosity of the organic electrolyte solu-
tion is increased and thus the mobility of lithium ions is
reduced.

[0142] One or more embodiments will now be described in
further detail with reference to the following examples. These
examples are for illustrative purpose only and are not
intended to limit the scope of the one or more embodiments.

Preparation of Negative Active Material and
Negative Electrode

Example 1

[0143] 9 g of graphite powder, 0.1 g of 2,2,2-trifluoroethyl
methacrylate, and 20 g of a PVdF 5 wt. % solution (solvent:
N-methylpyrrolidone) were mixed and the mixture was
stirred using a mechanical agitator to prepare a negative
active material slurry. By the stirring, a negative active mate-
rial was formed in which a coating layer of the fluorinated
acrylate type polymer was formed on a core of graphite pow-
der.

[0144] The negative active material slurry was coated to a
thickness of about 200 um on a copper (Cu) current collector
by using a doctor blade, and then dried in air at a temperature
0f 90° C. for 2 hours, and heated under vacuum conditions at
a temperature of 120° C. for 2 hours, thereby forming a
negative electrode.

Example 2

[0145] A negative active material and a negative electrode
were prepared in the same manner as in Example 1, except
that 1H, 1H, SH-octafluoropentyl methacrylate was prepared
instead of 2,2.2-trifluoroethyl methacrylate.

Preparation of Negative Electrode

Example 3

[0146] 9 gof graphite powder and 20 g of a PVAF 5 wt. %
solution (solvent: N-methylpyrrolidone) were mixed and the
mixture was stirred using a mechanical agitator to prepare a
negative active material slurry. The negative active material
slurry was coated to a thickness of about 200 pm on a copper
(Cu) current collector by using a doctor blade, and then dried
in air at a temperature of 90° C. for 2 hours, and heated under
vacuum conditions at a temperature of 120° C. for 2 hours,
thereby forming a negative active material layer.

[0147] 2,2,2-trifluoroethyl methacrylate was mixed with
dimethyl carbonate (DMC) and the mixture was stirred for 3
hours to prepare 0.5 wt. % solution. The solution was coated



US 2016/0149222 Al

on the negative active material layer in a way that the amount
of the solution was 0.20 mL per cm?, and then, the solution
was allowed to permeate into the negative active material
layer by being placed under vacuum conditions at room tem-
perature, and the dimethyl carbonate solvent was removed
therefrom.

[0148] Then, the result was dried in a vacuum oven at a
temperature of 120° C. for 2 hours to form a negative elec-
trode in which a polymer coating layer of poly(2,2,2-trifluo-
roethyl methacylate) was formed on the negative active mate-
rial layer.

Example 4

[0149] A negative electrode was prepared in the same man-
ner as in Example 3, except that 1H,1H,5H-octafluoropentyl
methacrylate was used instead of 2,2,2-trifluoroethyl meth-
acrylate.

Comparative Example 1

[0150] A negative electrode was prepared in the same man-
ner as in Example 3, except that the process for forming a
polymer coating layer of poly(2,2,2-trifluoroethyl methacry-
late) on the negative active material layer was not performed.

Comparative Example 2

[0151] A negative electrode was prepared in the same man-
ner as in Example 3, except that polymethyl methacrylate
(PMMA) was used instead of 2,2,2-trifluoroethyl methacry-
late.

Comparative Example 3

[0152] A negative electrode was prepared in the same man-
ner as in Example 1, except that polymethyl methacrylate
(PMMA) was used instead of 2,2,2-trifluoroethyl methacry-
late.

Battery Assembling

Example 5

[0153] A coin cell was manufactured using the negative
electrode prepared according to Example 1, a reference elec-
trode of lithium metal, a PTFE separator, and an electrolyte
prepared by dissolving 1.3 M LiPF, in a mixed solvent
including ethylene carbonate (EC) and diethyl carbonate
(DEC) (a volumetric ratio of 3:7).

Example 6

[0154] A coin cell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
according to Example 2 was used instead of the negative
electrode prepared according to Example 1.

Example 7

[0155] A coin cell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
according to Example 3 was used instead of the negative
electrode prepared according to Example 1.

Example 8

[0156] A coin cell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
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according to Example 4 was used instead of the negative
electrode prepared according to Example 1.

Comparative Example 4

[0157] A coincell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
according to Comparative Example 1 was used instead of the
negative electrode prepared according to Example 2.

Comparative Example 5

[0158] A coincell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
according to Comparative Example 2 was used instead of the
negative electrode prepared according to Example 2.

Comparative Example 6

[0159] A coincell was manufactured in the same manner as
in Example 5, except that the negative electrode prepared
according to Comparative Example 3 was used instead of the
negative electrode prepared according to Example 2.

Battery Characteristic Evaluations

Experimental Example 1

[0160] The coin cells prepared according to Examples 5, 6,
7, and 8, and Comparative Examples 4, 5, and 6 were charged
with a constant current of 175 mA per 1 g of active material
until the voltage reached 0.001 V with respect to an Li elec-
trode. Completely charged cells were left for about 10 min-
utes, and then discharged at a constant current of 175 mA per
1 g of active material until the voltage reached 1.5 V. Charging
and discharging were performed a maximum of 100 times in
the same method as described above to measure charge and
discharge capacity. The results are shown in Table 1 below
and FIG. 2. Capacity retention rates and cycle efficiencies
were calculated from the charge and discharge capacity.
[0161] The capacity retention rates were calculated using
Equation 2 below, and cycle efficiency was calculated using
Equation 3 below. The capacity retention rate and cycle effi-
ciency of each coin cell in the 100 cycle are shown in Table
1.

Capacity retention rate in 1007 cycle (%)=discharge
capacity in 1007 cycle/discharge capacity in 15
cycle <Equation 2>

Cycle efficiency (%)=discharge capacity in 100

cycle/charge capacity in 100% cycle <Equation 3>

TABLE 1

Capacity retention rate in

1007 cycle (%) Cycle efficiency (%)

Example 5 96.0% 99.7%
Example 6 94.4% 99.7%
Example 7 99.2% 99.8%
Example 8 99.3% 99.9%
Comparative Example 4 70.5% 99.3%
Comparative Example 5 71.4% 99.3%
Comparative Example 6 56.6% 97.4%
[0162] From the results shown in Table 1, it was confirmed

that the coin cells manufactured according to Examples 5 and
6, 7, 8 had higher capacity retention rates in the 100? cycle
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and higher cycle efficiency than those manufactured accord-
ing to Comparative Examples 4, 5, and 6. The results may be
due to the formation of a polymer coating layer including a
fluorinated acrylate type polymer on an anode active material
and a negative active material layer.
[0163] In detail, it is assumed that due to the formation of
the polymer coating layer including a fluorinated acrylate
type polymer on a negative active material layer, a side reac-
tion between a negative electrode and an electrolyte solution
is blocked, and thus, deterioration of lifetime characteristics
is prevented, thereby leading higher capacity retention rate
and higher cycle efficiency.
[0164] As described above, in negative electrodes accord-
ing to the one or more of the above embodiments of the
present invention, due to the formation of a polymer coating
layer including a fluorinated acrylate type polymer on a nega-
tive active material layer or the inclusion of a negative active
material in which a coating layer that intercalates or deinter-
calates lithium is formed of the fluorinated acrylate type
polymer on at least a portion of a core, and therefore direct
contact between the negative electrode and an electrolyte
solution is reduced. Also, lithium batteries including the
negative electrodes have good capacity retention rate charac-
teristics and good cycle characteristics.
[0165] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0166] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.
What is claimed is:
1. A negative active material comprising:
a core that intercalates or deintercalates lithium, and
a coating layer formed on at least a portion of the core,
wherein the core comprises at least one material selected
from the group consisting of a carbonaceous negative
active material and a metal-based negative active mate-
rial, and the coating layer comprises a fluorinated acry-
late type polymer.
2. The negative active material of claim 1, wherein the
fluorinated acrylate type polymer is a repeating unit repre-
sented by Formula 1 below:

<Formula 1>

Ry R;
b
R, é:o
b
(X)a—(‘é%—Rs
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wherein:

R, to R; are each independently a hydrogen atom, a fluo-
rine atom, a C,; to C,, alkyl group, a fluorine atom-
substituted C, to C,, alkyl group, a C, to C,, alkenyl
group, a fluorine atom-substituted C, to C,, alkenyl
group, a Cy to C, aryl group, or a fluorine atom-substi-
tuted C, to C,, aryl group,

R, to Ry are each independently a hydrogen atom, a fluo-
rine atom, CH;, CHF,, CH,F, or CF;,

X is CH,, CHF, or CF,,
a is an integer of 0 to 10, and b is an integer of 0 to 10,

the weight average molecular weight of the fluorinated
acrylate type polymer is in the range of about 200 to
about 500,000, and

any one of R, to R comprises at least one fluorine atom.

3. The negative active material of claim 1, wherein the
fluorinated acrylate type polymer is at least one material
selected from the group consisting of poly(2,2,2-trifluoroet-
hyl (meth)acrylate), poly(2,2,3,3-tetrafluoropropyl(meth)
acrylate), poly(2,2,3,3,3-pentafluoropropyl (meth)acrylate),
poly(2,2,3,4,4,4-hexafluorobutyl(meth)acrylate), poly(2,2,3,
3.,4,4 4-heptafluorobutyl(meth)acrylate), poly(2,2,3,3,4.4,5,
S-octafluoropentyl(meth)acrylate), poly(3,3,4,4,5,5,6,6,6-
nonafluorohexyl(meth)acrylate), and  poly(1,1,1,3,3,3-
hexafluoroisopropyl (meth)acrylate).

4. The negative active material of claim 1, wherein the
fluorinated acrylate type polymer further comprises a repeat-
ing unit represented by Formula 2 below:

<Formula 2>

R;
|
_(‘CHZ—T‘)_
C=0
|
(@]
|
R,

8

wherein R, is H, or CHj;, and Ry is a linear or branched C,
to C, alkyl group, and

the weight average molecular weight of the fluorinated
acrylate type polymer is about 200 to about 500,000.

5. A lithium battery comprising:
a positive electrode;

the negative electrode comprising the negative active mate-
rial of claim 1; and

an electrolyte.

6. The lithium battery of claim 5, further comprising a
separator disposed between the positive electrode and the
negative electrode.



