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RECHARGEABLE LITHIUM BATTERY AND
METHOD OF FABRICATING SAME

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

Any and all priority claims identified in the Application
Data Sheet, or any correction thereto, are hereby incorpo-
rated by reference under 37 CFR 1.57. For example, this
application claims priority to and the benefit of Korean
Patent Application No. 10-2013-0039471 filed in the Korean
Intellectual Property Office on Apr. 10, 2013, the disclosure
of which is incorporated herein by reference in its entirety.

BACKGROUND

Field

This disclosure relates to a rechargeable lithium battery
and a method of fabricating the same.

Description of the Related Technology

Polymer-type rechargeable lithium batteries may be fab-
ricated to have various shapes such as a thin film allowing
incorporation into small devices such as a smart phone, a
tablet PC, a net book, and the like.

Such a rechargeable lithium battery includes an electro-
lyte, a positive electrode, and a negative electrode.

However, polymer-type rechargeable lithium batteries
may have safety problems due to internal gas generation
despite the aforementioned advantages.

SUMMARY

Some embodiments provide a rechargeable lithium bat-
tery having high adherence between an clectrode and a
separator and improved safety.

Some embodiments provide a method of fabricating the
rechargeable lithium battery.

Some embodiments provide a rechargeable lithium bat-
tery that a positive electrode; a negative electrode; a sepa-
rator interposed between the positive electrode and the
negative electrode and including a porous substrate having
a coating layer formed on at least one side of the porous
substrate; and an electrolyte including a lithium salt, a
non-aqueous organic solvent, and an additive, wherein the
coating layer includes a fluorine-based polymer, a ceramic,
or a combination thereof, and the additive includes a com-
pound represented by the following Chemical Formula 1.

Some embodiments provide a rechargeable lithium bat-
tery that includes a positive electrode; a negative electrode;
a separator interposed between the positive electrode and the
negative electrode and including a porous substrate having
a coating layer formed on at least one side of the porous
substrate; and an electrolyte including a lithium salt and a
non-aqueous organic solvent, wherein the coating layer
includes a fluorine-based polymer, a ceramic, or a combi-
nation thereof, and an additive, where the additive includes
a compound represented by Chemical Formula 1.

Chemical Formula 1

wherein, in Chemical Formula 1,

R' to R* are each independently a hydrogen atom, a
substituted or unsubstituted C1 to C20 alkyl group, a sub-
stituted or unsubstituted C2 to C20 alkenyl group, a substi-
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tuted or unsubstituted C2 to C20 alkynyl group, a substituted
or unsubstituted C1 to C20 alkoxy group, a substituted or
unsubstituted C3 to C20 cycloalkyl group, a substituted or
unsubstituted C3 to C20 cycloalkenyl group, a substituted or
unsubstituted C3 to C20 cycloalkynyl group, a substituted or
unsubstituted C6 to C30 aryl group, a substituent repre-
sented by the following Chemical Formula 2, or a substitu-
ent represented by the following Chemical Formula 3, and

at least one of the R' to R* is the substituted or unsub-
stituted C1 to C20 alkoxy group, and at least other one of the
R! to R* is a substituent represented by Chemical Formula
2 or a substituent represented by Chemical Formula 3.

*—(CH,),,—N—C=0 Chemical Formula 2

In some embodiments of Chemical Formula 2, n may be
an integer ranging from O to 10.

Chemical Formula 3
*

(CHy),,—N'=C

In some embodiments of Chemical Formula 3, n may be
an integer ranging from O to 10.

In some embodiments, the porous substrate may include
a polyolefin resin.

In some embodiments, the fluorine-based polymer may
include polyvinylidenefluoride (PVdF), a polyvinylidene-
fluoride-hexafluoropropylene (PVAF-HFP) copolymer, or a
combination thereof.

In some embodiments, the ceramic may include Al,O;,
MgO, TiO,, Al(OH),, Mg(OH),, Ti(OH),,, or a combination
thereof.

In some embodiments, the coating layer may have a
thickness of about 1 pm to about 10 um.

In some embodiments, the coating layer may further
include a heat-resistance resin including an aramid resin, a
polyamideimide resin, a polyimide resin, or a combination
thereof.

In some embodiments, the compound represented by
Chemical Formula 1 may include a compound represented
by Chemical Formula 4, a compound represented by the
following Chemical Formula 5, or a combination thereof.

Chemical Formula 4

H3C/\o /\/\N=C=O
N
Si
/ N\

o @]
H;C CH;3
Chemical Formula 5
H3C /\O /\/\ N'=C
..
AN
(¢] (0]
H;C CH;3

In some embodiments, the compound represented by
Chemical Formula 1 may be included in an amount of about
1 part to about 15 parts by weight based on 100 parts by
weight of the non-aqueous organic solvent.

In some embodiments, the additive may further include

fluoroethylene carbonate, vinylethylene carbonate, propane
sultone, succinonitrile, adiponitrile, or a combination
thereof.
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Some embodiments provide a method of fabricating a
rechargeable lithium battery that includes coating at least
one side of a porous substrate with a coating layer material
to fabricate a separator; preparing an electrode assembly
including the separator, a positive electrode, and a negative
electrode; putting the electrode assembly into a battery case;
mixing a lithium salt, a non-aqueous organic solvent, and an
additive to prepare an electrolyte; injecting the electrolyte
into the battery case; and heating and pressing the battery
case including the electrolyte, wherein the coating layer
material includes a fluorine-based polymer, a ceramic, or a
combination thereof, and the additive includes the com-
pound represented by Chemical Formula 1.

Some embodiments provide a method of fabricating a
rechargeable lithium battery that includes coating at least
one side of a porous substrate with a coating layer material
to fabricate a separator; preparing an electrode assembly
including the separator, a positive electrode, and a negative
electrode; putting the electrode assembly into a battery case;
mixing a lithium salt, and a non-aqueous organic solvent to
prepare an electrolyte; injecting the electrolyte into the
battery case; and heating and pressing the battery case
including the electrolyte, wherein the coating layer material
includes a fluorine-based polymer, a ceramic, or a combi-
nation thereof, and an additive, and the additive includes a
compound represented Chemical Formula 1.

In some embodiments, the heating and pressing may be
performed at a temperature of about 90° C. to about 105° C.,
at a pressure of about 180 kgf to about 210 kgf, for about 60
seconds to about 90 seconds.

In some embodiments, the compound represented by
Chemical Formula 1 may be included in an amount of about
1 part to about 15 parts by weight based on 100 parts by
weight of the non-aqueous organic solvent.

Hereinafter, further embodiments will be described in the
detailed description.

In some embodiments, a rechargeable lithium battery
having high adherence between an electrode and a separator
and improved safety may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a rechargeable
lithium battery according to one embodiment.

FIGS. 2A and 2B are photographs showing adherence
between an electrode and a separator test of each Example
1 and Comparative Example 1.

FIG. 3 is a graph showing cycle-life characteristics of the
rechargeable lithium battery cells according to Example 1
and Comparative Example 1.

DETAILED DESCRIPTION

Exemplary embodiments will hereinafter be described in
detail. However, these embodiments are only exemplary,
and the present disclosure is not limited thereto.

As used herein, when a definition is not otherwise pro-
vided, the term ‘substituted’ may refer to one substituted
with a substitutent selected from a halogen (F, Br, Cl or 1),
a hydroxy group, an alkoxy group, a nitro group, a cyano
group, an amino group, an azido group, an amidino group,
a hydrazino group, a hydrazono group, a carbonyl group, a
carbamyl group, a thiol group, an ester group, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C1 to C20 alkyl
group, a C2 to C20 alkenyl group, a C2 to C20 alkynyl
group, a C6 to C30 aryl group, a C7 to C30 arylalkyl group,
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a Cl1 to C4 alkoxy group, a C1 to C20 heteroalkyl group, a
C3 to C20 heteroarylalkyl group, a C3 to C30 cycloalkyl
group, a C3 to C15 cycloalkenyl group, a C6 to CI15
cycloalkynyl group, a C2 to C20 heterocycloalkyl group,
and a combination thereof.

As used herein, “C, to C,” or “C,,_,” in which “a” and “b”
are integers refer to the number of carbon atoms in the
specified group. That is, the group can contain from “a” to
“b”, inclusive, carbon atoms. Thus, for example, a “C1 to C4
alkyl” or “C, _, alkyl” group refers to all alkyl groups having
from 1 to 4 carbons, that is, CH;—, CH,;CH,—,
CH,CH,CH,—, (CH;),CH—,  CH,CH,CH,CH,—,
CH,CH,CH(CH;)— and (CH;);C—.

As used herein, the term “alkyl” refers to a branched or
unbranched aliphatic hydrocarbon group. In some embodi-
ments, alkyls may be substituted or unsubstituted. Alkyls
include, but are not limited to, methyl, ethyl, propyl, iso-
propyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl, and the
like, each of which may be optionally substituted. In some
embodiments, the alkyl may have from 1 to 6 carbon atoms.
For example, C, salkyl includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl,
pentyl, 3-pentyl, hexyl, and the like.

As used herein, the term “alkoxy” refers to the formula
—OR wherein R is an alkyl as is defined above, such as
“C,_s alkoxy”, including but not limited to methoxy, ethoxy,
n-propoxy, 1-methylethoxy (isopropoxy), n-butoxy, iso-bu-
toxy, sec-butoxy, and tert-butoxy, and the like.

As used herein, the term “cycloalkyl” refers to a fully
saturated carbocyclyl ring or ring system. Examples include
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

As used herein, the term “alkenyl” refers to an acyclic
hydrocarbon group of from two to twenty carbon atoms
containing at least one carbon-carbon double bond includ-
ing, but not limited to, ethenyl, 1-propenyl, 2-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, and the like. In
some embodiments, alkenyls may be substituted or unsub-
stituted. In some embodiments, the alkenyl may from 2 to 40
carbon atoms.

As used herein, the term “alkynyl” refers to a hydrocarbon
group of from two to twenty carbon atoms containing at least
one carbon-carbon triple bond including, but not limited to,
ethynyl, 1-propynyl, 1-butynyl, 2-butynyl, and the like. In
some embodiments, alkynyls may be substituted or unsub-
stituted. In some embodiments, the alkynyl may have from
2 to 4 carbon atoms.

As used herein, the term “aromatic” refers to a ring or ring
system having a conjugated pi electron system and includes
both carbocyclic aromatic (e.g., phenyl) and heterocyclic
aromatic groups (e.g., pyridine). The term includes mono-
cyclic or fused-ring polycyclic (i.e., rings which share
adjacent pairs of atoms) groups provided that the entire ring
system is aromatic.

As used herein, the term “aryl” refers to an aromatic ring
or ring system (i.e., two or more fused rings that share two
adjacent carbon atoms) containing only carbon in the ring
backbone. When the aryl is a ring system, every ring in the
system is aromatic. Examples of aryl groups include, but are
not limited to, phenyl, biphenyl, naphthyl, phenanthrenyl,
naphthacenyl, and the like. In some embodiments, aryls may
be substituted or unsubstituted.

As used herein, the term “heteroaryl” refers to an aromatic
ring system radical in which one or more ring atoms are not
carbon, namely heteroatom, having one ring or multiple
fused rings. In fused ring systems, the one or more heteroa-
toms may be present in only one of the rings. Examples of
heteroatoms include, but are not limited to, oxygen, sulfur
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and nitrogen. Examples of heteroaryl groups include, but are
not limited to, furanyl, thienyl, imidazolyl, quinazolinyl,
quinolinyl, isoquinolinyl, quinoxalinyl, pyridinyl, pyrrolyl,
oxazolyl, indolyl, and the like.

As used herein, “cycloalkenyl” refers to a cyclic hydro-
carbon group of from three to fifteen carbon atoms contain-
ing at least one double bond, wherein no ring in the ring
system is aromatic including, but not limited to, cyclopro-
penyl, cyclopentenyl, cyclohexenyl, cycloheptenyl and the
like.

As used herein, the term “cycloalkynyl” refers to a cyclic
hydrocarbon group of from three to fifteen carbon atoms
containing at least one carbon-carbon triple bond.

As used herein, “heterocycloalkyl” refers to a non-aro-
matic cyclic ring or ring system containing at least one
heteroatom in the ring backbone.

As used herein, “heteroalkyl” means an alkyl group
containing at least one heteroatom.

As used herein, the term “arylalkyl” refers to an aryl
group connected, as a substituent, via an alkylene group,
such as “C,_, arylalky]” and the like, including but not
limited to benzyl, 2-phenylethyl, 3-phenylpropyl, and naph-
thylethyl. In some cases, the alkylene group is a lower
alkylene group (i.e., a C,_, alkylene group).

As used herein, the term “heteroarylalkyl” refers to an
heteroaryl group connected, as a substituent, via an alkylene
group.

A rechargeable lithium battery according to one embodi-
ment is described referring to FIG. 1.

FIG. 1 is a schematic view showing a rechargeable
lithium battery according to one embodiment.

Referring to FIG. 1, the rechargeable lithium battery 100
according to embodiment includes an electrode assembly
10, a battery case 20 including the electrode assembly 10,
and an electrode tab 13 that play a role of an electricity path
for externally drawing current generated in the electrode
assembly 10. In some embodiments, two facing sides of the
battery case 20 are overlapped and sealed. In some embodi-
ments, an electrolyte is injected into the battery case 20
containing the electrode assembly 10.

In some embodiments, the electrode assembly 10 includes
a positive electrode, a negative electrode facing the positive
electrode, and a separator interposed between the positive
electrode and the negative electrode.

In some embodiments, the separator includes a porous
substrate and a coating layer formed on at least one side of
the porous substrate.

In some embodiments, the porous substrate may include
a polyolefin resin. In some embodiments, the polyolefin
resin may include a polyethylene-based resin, a polypropyl-
ene-based resin, or a combination thereof.

In some embodiments, the coating layer may include a
fluorine-based polymer, a ceramic, or a combination thereof.
In some embodiments, the fluorine-based polymer and the
ceramic may be used together.

When the fluorine-based polymer is coated on at least one
side of the porous substrate to manufacture a separator, the
fluorine-based polymer is physically cross-linked with bind-
ers that are respectively present in the positive and negative
electrodes, which further improves adherence between the
separator and the electrodes.

When the ceramic is coated on at least one side of the
porous substrate of a separator, the porous substrate may be
structurally prevented from directly contacting active mate-
rial layers that are respectively present on the positive and
negative electrodes. When the porous substrate directly
contacts the active material layers, active materials work as
an oxidizing catalyst and thus, oxidizes the porous substrate
and elutes metal ions, but, the elution of metal ions may be
suppressed by coating the porous substrate with the ceramic.
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In this way, a separator having the coating layer on at least
one side of the porous substrate has excellent adherence to
an electrode and thus, realize a rechargeable lithium battery
having excellent safety and cycle-life characteristic.

In some embodiments, the fluorine-based polymer may
include polyvinylidene fluoride (PVdF), a polyvinylidene
fluoride-hexafluoropropylene (PVAF-HFP) copolymer, or a
combination thereof.

In some embodiments, the ceramic may include Al,O;,
MgO, TiO,, Al(OH),, Mg(OH),, Ti(OH),,, or a combination
thereof.

In some embodiments, the ceramic may have an average
particle diameter of about 50 pm to about 500 pm. When the
ceramic has an average particle diameter within the range,
the ceramic may be uniformly coated on at least one side of
the porous substrate.

In some embodiments, the coating layer may further
include a heat-resistance resin including an aramid resin, a
polyamideimide resin, a polyimide resin, or a combination
thereof.

In some embodiments, the coating layer may have a
thickness of about 1 um to about 10 um, and specifically
about 1 pum to about 8 um. When the coating layer has a
thickness within the range, the coating layer may accom-
plish excellent heat resistance and suppress thermal shrink-
age and elution of metal ions.

In some embodiments, the electrolyte may include a
lithium salt, a non-aqueous organic solvent, and an additive.

In some embodiments, the additive may be a compound
represented by the following Chemical Formula 1.

Chemical Formula 1

wherein, in Chemical Formula 1,

R! to R* are each independently a hydrogen atom, a
substituted or unsubstituted C1 to C20 alkyl group, a sub-
stituted or unsubstituted C2 to C20 alkenyl group, a substi-
tuted or unsubstituted C2 to C20 alkynyl group, a substituted
or unsubstituted C1 to C20 alkoxy group, a substituted or
unsubstituted C3 to C20 cycloalkyl group, a substituted or
unsubstituted C3 to C20 cycloalkenyl group, a substituted or
unsubstituted C3 to C20 cycloalkynyl group, a substituted or
unsubstituted C6 to C30 aryl group, a substituent repre-
sented by Chemical Formula 2 or a substituent represented
by Chemical Formula 3, and

at least one of the R! to R* is the substituted or unsub-
stituted C1 to C20 alkoxy group, and at least other one of the
R! to R* is a substituent represented by Chemical Formula

2 or a substituent represented by Chemical Formula 3.
*—(CH,),—N—C=—0 Chemical Formula 2

In some embodiments of Chemical Formula 2, n may be
an integer ranging from O to 10.

Chemical Formula 3
*

(CHy),—N"=C"

In some embodiments of Chemical Formula 3, n may be
an integer ranging from O to 10.

When the compound represented by Chemical Formula 1
reacts during a thermal process to fabricate a rechargeable
lithium battery and specifically, a pouch-type rechargeable
lithium battery, at least one alkoxy group of the silane
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compound is bonded with a binder in an electrode or a
coating layer component forming a separator. Accordingly,
adherence between the electrode and the separator may be
further improved.

Examples of the compound may include a compound
having the substituted or unsubstituted C1 to C20 alkoxy
group for at least two of the R! to R* in Chemical Formula
1 and specifically, a compound having the substituted or
unsubstituted C1 to C20 alkoxy group for three of the R* to
R*. In some embodiments, further substitution of alkoxy
group improves adherence between the electrode and the
separator.

Specific examples of the compound represented by
Chemical Formula 1 may be a compound represented by the
following Chemical Formula 4, a compound represented by
the following Chemical Formula 5, and the like, but are not
limited thereto.

Chemical Formula 4

H3C/\ /\/\N=C=O
AN
Si
AN

O/ 0]
H;C CH;3
Chemical Formula 5
e /\O /\/\ NEC
AN
N
o (0]
H;C CH;3

In some embodiments, the compound represented by
Chemical Formula 1 may be included in an amount of about
1 part to about 15 parts by weight, specifically about 1 part
to about 10 parts by weight, and more specifically about 2
parts to about 5 parts by weight based on 100 parts by weight
of the non-aqueous organic solvent. When the compound
represented by the above Chemical Formula 1 is used within
the above range, adherence between the electrode and the
separator may be more improved.

In some embodiments, the additive may further include
fluoroethylene carbonate, vinylethylene carbonate, propane
sultone, succinonitrile, adiponitrile, or a combination
thereof.

In some embodiments, the lithium salt is dissolved in a
non-aqueous organic solvent, supplies lithium ions in a
battery, basically operates the rechargeable lithium battery,
and improves lithium ion transportation between positive
and negative electrodes therein.

In some embodiments, the lithium salt may include LiPF,
LiBF,, LiSbF,, LiAsFg LiN(SO;C,Fs),, LiC,FsSO;,
LiClO,, LiAlO,, LiAICL,, LiN(C,F,,, SO, )(C,F,,,,SO,),
(where x and y are natural numbers of 1 to 20, respectively),
LiCl, Lil, LiB(C,0,), (lithium bis(oxalato)borate), or a
combination thereof.

In some embodiments, the lithium salt may be used in a
concentration ranging from about 0.1 M to about 2.0 M.
When the lithium salt is included within the above concen-
tration range, an electrolyte may have improved perfor-
mance and lithium ion mobility due to optimal electrolyte
conductivity and viscosity.

The non-aqueous organic solvent serves as a medium for
transmitting ions taking part in the electrochemical reaction
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8

of a battery. In some embodiments, the non-aqueous organic
solvent may be selected from a carbonate-based, ester-
based, ether-based, ketone-based, alcohol-based, or aprotic
solvent.

In some embodiments, the carbonate-based solvent may
include, for example, dimethyl carbonate (DMC), diethyl
carbonate (DEC), dipropyl carbonate (DPC), methylpropyl
carbonate (MPC), ethylpropy! carbonate (EPC), methylethyl
carbonate (MEC), ethylmethyl carbonate (EMC), ethylene
carbonate (EC), propylene carbonate (PC), butylene carbon-
ate (BC), and the like.

When the linear carbonate compounds and cyclic carbon-
ate compounds are mixed, an organic solvent having high
dielectric constant and low viscosity may be provided. The
cyclic carbonate and the linear carbonate are mixed together
in a volume ratio ranging from about 1:1 to about 1:9.

In some embodiments, the ester-based solvent may
include, for example methylacetate, ethylacetate, n-propy-
lacetate, dimethylacetate, methylpropinonate, ethylpropi-
nonate,  y-butyrolactone, decanolide, valerolactone,
mevalonolactone, caprolactone, and the like. In some
embodiments, the ether solvent may include, for example
dibutylether, tetraglyme, diglyme, dimethoxyethane,
2-methyltetrahydrofuran, tetrahydrofuran, and the like, and
ketone-based solvent may include cyclohexanone, and the
like. In some embodiments, the alcohol-based solvent may
include, for example ethanol, isopropyl alcohol, and the like.

In some embodiments, the non-aqueous organic solvent
may be used singularly or in a mixture. When the organic
solvent is used in a mixture, the mixture ratio may be
controlled in accordance with a desirable battery perfor-
mance.

In some embodiments, the positive electrode may include
a current collector and a positive active material layer on the
current collector. In some embodiments, the positive active
material layer may include a positive active material, a
binder, and a conductive material.

In some embodiments, the current collector may be Al
(aluminum) but is not limited thereto.

In some embodiments, the positive active material
includes lithiated intercalation compounds that reversibly
intercalate and deintercalate lithium ions. In some embodi-
ments, the positive active material may include a composite
oxide including at least one of cobalt, manganese, nickel, or
a combination thereof as well as lithium, and examples
thereof may be the following compounds may be used:

Li A, B!, D', (0.90<a<1.8 and 0<b=<0.5); Li R, ,B',

0, D', (090=a<l.8, 0s<b=0.5, 0=c<0.05); LiE, ,B",
0, D', (0=b<0.5, 0=c=<0.05); LiNi, , Co,B' D",
(0.90=a<1.8, 0=<b=<0.5, 0=c=<0.05, O=c=2); LiNi, ,.

Co,B' 0, F', (0.90=a=1.8, 0<b=0.5, 0=c=<0.05, O=a.<2);
Li,Ni, , Co,B' 0, ,F, (0.90=a=1.8, 0=b=0.5, 0=c=0.053,
0=a<2); LiNi, , Mn,B' D', (0.90=a<18, 0sb=0.5,
0=c=0.05, 0O=a=<2); Li Ni, , Mn,B' O, F' (0.90<a<l.8,
0<b=0.5, 0=c<0.05, O=as<2); Li,Ni, , Mn,B'0O, F',
(0.90=a<1.8, 0=b=0.5, 0=c=0.05, 0=a=2); Li Ni,E_.G,0O,
(0.90=a<1.8, 0<b=0.9, 0=c=<0.5, 0.001=d=0.1); Li,Ni,Co_-
Mn,GeO, (0.90=a<1.8, 0=<b=0.9, O0=c=<0.5, 0=d=<0.5,
0.001=e<0.1); Li NiG,0, (0.90=a<1.8, 0.001=<b=<0.1); Li,-
CoG,0, (090=a<1.8, 0.001=b<0.1); Li,MnG,O,
(0.90=a=<1.8, 0.001=b=<0.1); Li,Mn,G,0, (0.90=a=<1.28,
0.001=b=0.1); QO,, QS,; LiQS,; V,0s; LiV,0s; Lil'O,;
LiNiVO,; Li; 41,(PO,); (0<t=2); Lij; 4Fe,(PO,); (0sf=2);
and LiFePO,.

In the above chemical formulae, A may be Ni, Co, Mn, or
a combination thereof; B' may be Al, Ni, Co, Mn, Cr, Fe,
Mg, Sr, V, a rare earth element, or a combination thereof; D*



US 9,859,541 B2

9

may be O (oxygen), F (fluorine), S (sulfur), P (phosphorus),
or a combination thereof; E may be Co, Mn, or a combina-
tion thereof; F! may be F (fluorine), S (sulfur), P (phospho-
rus), or a combination thereof; G may be Al, Cr, Mn, Fe, Mg,
La, Ce, Sr, V, or a combination thereof; Q may be Ti, Mo,
Mn, or a combination thereof; I' may be Cr, V, Fe, Sc, Y, or
a combination thereof; and J may be V, Cr, Mn, Co, Ni, Cu,
or a combination thereof.

In some embodiments, the positive active material may
include the positive active material with the coating layer
thereon, or a compound of the active material and the active
material coated with the coating layer. In some embodi-
ments, the coating layer may include at least one coating
element compound selected from an oxide and a hydroxide
of the coating element, an oxyhydroxide of the coating
element, an oxycarbonate of the coating element, and a
hydroxycarbonate of the coating element. In some embodi-
ments, the compound for the coating layer may be either
amorphous or crystalline. In some embodiments, the coating
element included in the coating layer may be Mg, Al, Co, K,
Na, Ca, Si, T1, V, Sn, Ge, Ga, B, As, Zr, or a mixture thereof.
In some embodiments, the coating process may include any
conventional processes unless it causes any side effects on
the properties of the positive active material (e.g., spray
coating, immersing), which is well known to persons having
ordinary skill in this art, so a detailed description thereof is
omitted.

In some embodiments, the binder improves binding prop-
erties of the positive active material particles to one another
and to a current collector. Examples of the binder include
polyvinylalcohol, carboxylmethylcellulose, hydroxypropyl-
cellulose, diacetylcellulose, polyvinylchloride, carboxylated
polyvinylchloride, polyvinylfluoride, an ethylene oxide-
containing polymer, polyvinylpyrrolidone, polyurethane,
polytetrafluoroethylene, polyvinylidene fluoride, polyethyl-
ene, polypropylene, a styrene-butadiene rubber, an acrylated
styrene-butadiene rubber, an epoxy resin, nylon, and the
like, but are not limited thereto.

In some embodiments, the conductive material improves
electrical conductivity of a negative electrode. Any electri-
cally conductive material may be used as a conductive agent,
unless it causes a chemical change. Examples of the con-
ductive material include natural graphite, artificial graphite,
carbon black, acetylene black, ketjen black, a carbon fiber,
a metal powder or a metal fiber of copper, nickel, aluminum,
silver, and the like, and a polyphenylene derivative, which
may be used singularly or as a mixture thereof.

In some embodiments, the positive electrode may be
fabricated in a method including the positive active material,
the conductive material, and the binder in a solvent to
prepare a positive active material composition, and coating
the positive active material composition on the current
collector. In some embodiments, the solvent may be
N-methylpyrrolidone but is not limited thereto.

In some embodiments, the negative electrode includes a
current collector and a negative active material layer dis-
posed on the current collector.

In some embodiments, the current collector may include
a copper foil.

In some embodiments, the negative active material layer
may include a negative active material, a binder, and option-
ally a conductive material.

In some embodiments, the negative active material
includes a material that reversibly intercalates/deintercalates
lithium ions, a lithium metal, a lithium metal alloy, a
material being capable of doping/dedoping lithium, or a
transition metal oxide.
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In some embodiments, the material that may reversibly
intercalate/deintercalate lithium ions includes a carbon
material. In some embodiments, the carbon material may be
any generally-used carbon-based negative active material in
a lithium ion rechargeable battery. Examples of the carbon
material include crystalline carbon, amorphous carbon, and
mixtures thereof. In some embodiments, the crystalline
carbon may be non-shaped, or sheet, flake, spherical, or fiber
shaped natural graphite or artificial graphite. In some
embodiments, the amorphous carbon may be a soft carbon,
a hard carbon, a mesophase pitch carbonization product,
fired coke, and the like.

Examples of the lithium metal alloy include lithium and
a metal selected from Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si,
Sb, Pb, In, Zn, Ba, Ra, Ge, Al, and Sn.

In some embodiments, the material being capable of
doping/dedoping lithium may include Si, SiO, (0<x<2), a
Si—C composite, a Si-Q alloy (wherein Q is selected from
an alkali metal, an alkaline-earth metal, Group 13 to Group
16 elements, a transition element, a rare earth element, and
a combination thereof, and not Si), Sn, SnO,, a Sn—C
composite, a Sn—R alloy (wherein R is selected from an
alkali metal, an alkaline-earth metal, Group 13 to Group 16
elements, a transition element, a rare earth element, and a
combination thereof, and not Sn), and the like. In some
embodiments, at least one of these materials may be mixed
with SiO,. Specific elements of Q and R may be Mg, Ca, Sr,
Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb, Ta, Db, Cr, Mo, W, Sg,
Tc, Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir, Pd, Pt, Cu, Ag, Au,
Zn, Cd, B, Al, Ga, Sn, In, T1, Ge, P, As, Sb, Bi, S, Se, Te, Po,
or a combination thereof. In some embodiments, specific
elements of Q and R may be magnesium (Mg), calcium (Ca),
strontium (Sr), barium (Ba), radium (Ra), scandium (Sc),
yttrium (Y), titanium (Ti), zirconium (Zr), chromium (Cr),
molybdenum (Mo), tungsten (W), iron (Fe), lead (Pb),
ruthenium (Ru), osmium (Os), rhodium (Rh), iridium (Ir),
palladium (Pd), platinum (Pt), copper (Cu), silver (Ag), gold
(Au), zinc (Zn), cadmium (Cd), boron (B), aluminum (Al),
gallium (Ga), tin (Sn), indium (In), germanium (Ge),
phosphorus (P), arsenic (As), antimony (Sb), bismuth (Bi),
sulfur (S), selenium (Se), or tellurium (Te).

In some embodiments, the transition metal oxide may
include vanadium oxide, lithium vanadium oxide, and the
like.

In some embodiments, the binder improves binding prop-
erties of negative active material particles with one another
and with a current collector. The binder includes a non-
water-soluble binder, a water-soluble binder, or a combina-
tion thereof. The non-water-soluble binder includes polyvi-
nylchloride, carboxylated polyvinylchloride,
polyvinylfiuoride, an ethylene oxide-containing polymer,
polyvinylpyrrolidone, polyurethane, polytetrafluoroethyl-
ene, polyvinylidene fluoride, polyethylene, polypropylene,
polyamideimide, polyimide, or a combination thereof. The
water-soluble binder includes a styrene-butadiene rubber, an
acrylated styrene-butadiene rubber, polyvinyl alcohol,
sodium polyacrylate, a copolymer of propylene and a C2 to
C8 olefin, a copolymer of (meth)acrylic acid and (meth)
acrylic acid alkyl ester, or a combination thereof. When the
water-soluble binder is used as a negative electrode binder,
a cellulose-based compound may be further used to provide
viscosity. The cellulose-based compound includes one or
more of carboxylmethyl cellulose, hydroxypropylmethyl
cellulose, methyl cellulose, or alkali metal salts thereof. The
alkali metal may be Na, K, or Li. The cellulose-based
compound may be included in an amount of about 0.1 parts
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by weight to about 3 parts by weight based on 100 parts by
weight of the negative active material.

In some embodiments, the conductive material is included
to improve electrode conductivity. Any electrically conduc-
tive material may be used as a conductive material unless it
causes a chemical change. Examples of the conductive
material include carbon-based materials such as natural
graphite, artificial graphite, carbon black, acetylene black,
ketjen black, carbon fibers, and the like; metal-based mate-
rials of metal powder or metal fiber including copper, nickel,
aluminum, silver; conductive polymers such as polyphe-
nylene derivatives; or a mixture thereof.

In some embodiments, the negative electrode may be
fabricated in a method including mixing the negative active
material, the binder, and optionally, the conductive material
in a solvent to prepare a negative active material composi-
tion, and coating the negative active material composition
on the current collector. The solvent may be N-methylpyr-
rolidone but is not limited thereto.

According to one embodiment, when a silane compound
having an alkoxy group as described above is used as an
additive for an electrolyte, adherence between the separator
having a coating layer on at least one side of a porous
substrate and the electrode may be further improved. In
some embodiments, the silane compound having an alkoxy
group may be used as an additive for forming a coating layer
coated on at least one side of a porous substrate during
fabrication of a separator. In this case, the reaction of the
additive may also improve adherence between the separator
and an electrode.

In some embodiments, the rechargeable lithium battery
may be fabricated according to the following methods.

As a first method, a rechargeable lithium battery accord-
ing to one embodiment may be the following method that
includes coating at least one side of the above-described
porous substrate with a coating layer material including a
fluorine-based polymer, a ceramic, or a combination thereof
to fabricate a separator; preparing an electrode assembly
including the separator, the positive electrode, and the
negative electrode the separator; putting the electrode
assembly into a battery case; mixing the lithium salt, the
non-aqueous organic solvent, and the additive to prepare an
electrolyte; injecting the electrolyte into the battery case;
and heating and pressing the battery case including the
electrolyte.

According to the first method, a rechargeable lithium
battery is manufactured by separately manufacturing a sepa-
rator having a coating layer on at least one side of a porous
substrate and using an electrolyte prepared by adding the
aforementioned additive. This separator has excellent adher-
ence to an electrode and may realize excellent safety and
cycle-life characteristic of the rechargeable lithium battery.

As a second method, a rechargeable lithium battery
according to one embodiment may be the following method
that includes coating at least one side of the above-described
porous substrate with a coating layer material including a
fluorine-based polymer, a ceramic, or a combination thereof,
and an additive to fabricate a separator; preparing an elec-
trode assembly including the separator, the positive elec-
trode and the negative electrode; putting the electrode
assembly into a battery case; mixing the lithium salt and the
non-aqueous organic solvent to prepare an electrolyte;
injecting the electrolyte into the battery case; and heating
and pressing the battery case including the electrolyte.

In the first and the second fabricating methods, the coating
layer on the separator may be formed by using a coating
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composition including a ceramic, a fluorine-based polymer
and a solvent. The solvent may be acetone, but it is limited
thereinto.

In the first and second fabricating methods, the additive,
specifically the compound represented by the above Chemi-
cal Formula 1 may be mixed in an amount of about 1 part
to about 15 parts by weight, specifically about 1 part to about
10 parts by weight, and more specifically about 2 parts to
about 5 parts by weight based on 100 parts by weight of the
non-aqueous organic solvent. When the compound repre-
sented by the above Chemical Formula 1 is mixed within the
above range, adherence between the electrode and the sepa-
rator may be more improved.

In the first and second methods, the battery case may be
heated and pressed, so that the compound represented by the
above Chemical Formula 1 and added as an additive during
preparation of the electrolyte or during formation of a
coating layer of the separator is reacted and thus, may
further improve adherence between the electrode and the
separator.

In some embodiments, the heating and pressing may be
performed at a temperature of about 90° C. to about 105° C.
In some embodiments, the heating and pressing may be
performed at a temperature of about 95° C. to about 98° C.
Within the temperature range, a reaction of the compound
represented by the above Chemical Formula 1 carry out
actively, adherence between the electrode and the separator
may be improved, and thus battery capacity characteristic
may be also improved.

In some embodiments, the heating and pressing may be
performed at a pressure of about 180 kgf to about 210 kgf,
and specifically about 195 kgf to about 200 kgf. Within the
pressure range, a reaction of the compound represented by
the above Chemical Formula 1 carry out actively, adherence
between the electrode and the separator may be improved,
and thus battery capacity characteristic may be also
improved.

In some embodiments, the heating and pressing may be
performed for about 60 seconds to about 90 seconds. In
some embodiments, the heating and pressing may be per-
formed for about 70 seconds to about 80 seconds. Within the
time range, a reaction of the compound represented by
Chemical Formula 1 carry out actively, adherence between
the electrode and the separator may be improved, and thus
battery capacity characteristic may be also improved.

Exemplary embodiments will hereinafter be described in
the detailed description. These examples, however, are not in
any sense to be interpreted as limiting the scope of the
disclosure.

Furthermore, what is not described in this disclosure may
be sufficiently understood by those who have knowledge in
this field and will not be illustrated here.

Example 1

(1) A positive active material composition was prepared
by adding 96 wt % of LiCoO,, 2 wt % of carbon black, and
2 wt % of polyvinylidenefluoride to an N-methylpyrrolidone
(NMP) solvent. The positive active material composition
was coated on an aluminum (Al) thin film, dried, and
roll-pressed, manufacturing a positive electrode.

(2) A negative active material composition was prepared
by adding 98 wt % of graphite, 1.5 wt % of carboxylmeth-
ylcellulose, and 0.5 wt % of a styrene-butadiene rubber to
distilled water. The negative active material composition
was coated on a copper foil, dried, and roll-pressed, fabri-
cating a negative electrode.
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(3) An electrolyte was prepared by mixing ethylene
carbonate, propylene carbonate, ethylmethyl carbonate, and
diethyl carbonate in a volume ratio of 25:5:40:30 to prepare
amixed solvent and adding 1.15M LiPFy, 10 parts by weight
of fluoroethylene carbonate (based on 100 parts by weight of
the mixed solvent), and 2 parts by weight of a compound
represented by Chemical Formula 4 (based on 100 parts by
weight of the mixed solvent) thereto.

(4) A separator was fabricated by coating a coating
material prepared by mixing 2 parts by weight of Al,O,
having an average particle diameter of 200 pm and 5 parts
by weight of polyvinylidenefluoride (PVdF) in 93 parts by
weight of an acetone solvent on a polyethylene porous
substrate.

(5) The positive and negative electrodes and the separator
were used to fabricate an electrode assembly. Then, the
electrode assembly was put in a battery case, and the
electrolyte was injected into the battery case. The battery
case injected by the electrolyte was heated and pressed at
96° C. with a pressure of 200 kgf for 80 seconds, fabricating
a rechargeable lithium battery cell.

Comparative Example 1

A rechargeable lithium battery cell was fabricated accord-
ing to the same method as Example 1 except for no com-
pound represented by Chemical Formula 4 was used during
(3) preparation of the electrolyte in Example 1.

Evaluation 1
Adherence Evaluation

Adherence between an electrode and a separator of the
rechargeable lithium battery cells according to Example 1
and Comparative Example 1 were measured by using a
tensile force measuring device (Instron 3340), and the
results are provided in the following Table 1 and FIGS. 2A
and 2B. The adherence between an electrode and a separator
was evaluated by measuring adherence between each posi-
tive and negative electrode and the separator.

TABLE 1

Adherence (N/mm)

Between positive
electrode/separator

Between negative
electrode/separator

0.019
0.012

0.002
0.001

Example 1
Comparative Example 1

FIGS. 2A and 2B are photographs showing adherence
tests between an electrode and a separator of each Example
1 and Comparative Example 1.

Referring to Table 1 and FIGS. 2A and 2B, the adherence
between an electrode and a separator according to Example
1 was excellent compared with the adherence between an
electrode and a separator according to Comparative
Example 1. Accordingly, the adherence between an elec-
trode and a separator was improved by adding the additive
according to one embodiment to an electrolyte.

Evaluation 2

Cycle-Life Characteristic of Rechargeable Lithium
Battery Cell

The rechargeable lithium battery cells according to
Example 1 and Comparative Example 1 were charged and
discharged under the following conditions and evaluated
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about cycle-life characteristic, and the results are provided in
FIG. 3. Herein, the charge was performed at 1 C and 4.2V,
and then, the discharge was performed at 1 C and 2.75V.

FIG. 3 is a graph showing cycle-life characteristics of a
rechargeable lithium battery cells according to Example 1
and Comparative Example 1.

Referring to FIG. 3, the rechargeable lithium battery cell
using an electrolyte including an additive according to
Example 1 had excellent cycle-life characteristic compared
with the rechargeable lithium battery cell according to
Comparative Example 1.

In the present disclosure, the terms “Example” and “Com-
parative Example” are used arbitrarily to simply identify a
particular example or experimentation and should not be
interpreted as admission of prior art. While this disclosure
has been described in connection with what is presently
considered to be practical exemplary embodiments, it is to
be understood that the invention is not limited to the
disclosed embodiments and is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims.

What is claimed is:

1. A rechargeable lithium battery, comprising

a positive electrode comprising a positive active material,
a first binder, and a conductive material;

a negative electrode comprising a negative active material
and a second binder;

a separator interposed between the positive electrode and
the negative electrode and including a porous substrate
having a coating layer formed on at least one side of the
porous substrate; and

an electrolyte including a lithium salt, a non-aqueous
organic solvent, and an additive,

wherein the coating layer comprises a fluorine-based
polymer, and a ceramic, and the ceramic has an average
particle diameter of about 50 um to about 500um, and

the additive comprises a compound represented by
Chemical Formula 1:

Chemical Formula 1

wherein,

R! to R* are each independently a substituted or unsub-
stituted C1 to C20 alkoxy group, a substituent repre-
sented by Chemical Formula 2 or a substituent repre-
sented by Chemical Formula 3, and

at least one of the R' to R* is the substituted or unsub-
stituted C1 to C20 alkoxy group, and at least other one
of the R* to R*is a substituent represented by Chemical
Formula 2 or a substituent represented by Chemical

Formula 3:
*—(CH,),—N—C=—0 Chemcial Formula 2

wherein, n is an integer ranging from 0 to 10, and

Chemical Formula 3
*

(CHy),,—N*'=C

wherein, n is an integer ranging from 0 to 10,

wherein the ceramic comprises Al,O;, MgO, TiO,,
Al(OH);, Mg(OH),, Ti(OH),, or a combination
thereof, and
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wherein a bond between at least one alkoxy group of the
compound represented by Chemical Formula 1 and at
least one of the first binder and the second binder or the
coating layer is present.

2. A rechargeable lithium battery, comprising

a positive electrode comprising a positive active material,
a first binder, and a conductive material;

anegative electrode comprising a negative active material
and a second binder;

a separator interposed between the positive electrode and
the negative electrode and including a porous substrate
having a coating layer formed on at least one side of the
porous substrate; and

an electrolyte including a lithium salt and a non-aqueous
organic solvent

wherein the coating layer comprises a fluorine-based
polymer, and a ceramic, and an additive and the coating
layer has a thickness of about 1 um to about 10 um, and
the additive comprises a compound represented by
Chemical Formula 1:

Chemical Formula 1
R! RS
/Sl\
R2 R*

wherein,

R! to R* are each independently a substituted or unsub-
stituted C1 to C20 alkoxy group, a substituent repre-
sented by Chemical Formula 2 or a substituent repre-
sented by Chemical Formula 3, and

at least one of the R' to R* is the substituted or unsub-
stituted C1 to C20 alkoxy group, and at least other one
of the R* to R* is a substituent represented by Chemical
Formula 2or a substituent represented by Chemical
Formula 3:

*—(CH,),—N—C=—0 Chemcial Formula 2

wherein, in Chemical Formula 2, n is an integer ranging
from O to 10, and

Chemical Formula 3
*

(CHy),,—N"=C

wherein, in Chemical Formula 3, n is an integer ranging
from O to 10,

wherein the ceramic comprises Al,O;, MgO, Al(OH);,
Mg(OH),, Ti(OH),, or a combination thereof, and
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wherein a bond between at least one alkoxy group of the
compound represented by Chemical Formula 1 and at
least one of the first binder and the second binder or the
coating layer is present.

3. The rechargeable lithium battery of claim 1, wherein
the porous substrate comprise a polyolefin resin.

4. The rechargeable lithium battery of claim 1, wherein
the fluorine-based polymer comprises polyvinylidenefluo-
ride (PVdF), a polyvinylidenefluoride-hexafluoropropylene
(PVAF-HFP) copolymer, or a combination thereof.

5. The rechargeable lithium battery of claim 1, wherein
the ceramic is Al,O;, AI(OH);, Mg(OH),, Ti(OH),, or a
combination thereof.

6. The rechargeable lithium battery of claim 1, wherein
the coating layer has a thickness of about 1 um to about 8
pm.

7. The rechargeable lithium battery of claim 1, wherein
the coating layer further comprises a heat-resistance resin
comprising an aramid resin, a polyamideimide resin, a
polyimide resin, or a combination thereof.

8. The rechargeable lithium battery of claim 1, wherein
the additive comprises a compound represented by Chemical
Formula 4, a compound represented by Chemical Formula 5,
or a combination thereof:

Chemical Formula 4

HCTN N=C=0
o\ /\/\

Si

O/ \O
H;C CH;3
Chemical Formula 5
H;C /\O /\/\N+E c
\Si
/N
o @]
H;C CH;y

9. The rechargeable lithium battery of claim 1, wherein
the compound represented by the above Chemical Formula
1 is included in an amount of about 1 part to about 15 parts
by weight based on 100 parts by weight of the non-aqueous
organic solvent.

10. The rechargeable lithium battery of claim 1, wherein
the additive further comprises fluoroethylene carbonate,
vinylethylene carbonate, propane sultone, succinonitrile,
adiponitrile, or a combination thereof.

#* #* #* #* #*



