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(57) ABSTRACT

Provided are an electrode capable of maintaining electrical
conductivity during elongation and shrinkage, a method for
manufacturing the same, and electrochemical device includ-
ing the same.
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FIG. 9
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ELECTRODE FOR ELECTROCHEMCAL
DEVICE, METHOD FOR MANUFACTURING
THE SAME, AND ELECTROCHEMCAL
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0042880 filed in
the Korean Intellectual Property Office on Apr. 7, 2016, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0002] An electrode for an electrochemical device, a
method for manufacturing the same, and an electrochemical
device including the same are disclosed.

(b) Description of the Related Art

[0003] Recently, a wearable apparatus, a flexible appara-
tus, and the like have gained popularity.

[0004] Devices applied to these apparatuses secure safety
and electrochemical performance as well as flexibility of
each constituent element.

[0005] However, a generally-known manufacturing
method has a limit in accomplishing flexibility of each
constituent element. Particularly, an electrode may be manu-
factured to have flexibility but not secure safety and elec-
trochemical performance.

SUMMARY OF THE INVENTION

[0006] Embodiments of the present invention are to pro-
vide an electrode maintaining electrical conductivity during
elongation and shrinkage processes in order to solve the
aforementioned problems, a method for manufacturing the
same, and an electrochemical device including the same.

Electrode for Electrochemical Device

[0007] In an embodiment of the present invention, an
electrode for an electrochemical device includes a composite
film including an elastic polymer matrix and a first conduc-
tive material embedded in the elastic polymer matrix; a
conductive film disposed on the composite film and includ-
ing a second conductive material; and an electrode active
material layer disposed on the conductive film, wherein each
of the first conductive material and the second conductive
material are a gold nanosheet.

[0008] The electrode 1) realizes excellent strength along
with flexibility capable of elongation and shrinkage based on
the elastic polymer matrix and 2) maintains electrical con-
ductivity before and after the elongation and the shrinkage
without a binder due to a conductive material with a nano
unit inside and outside the elastic polymer matrix. Accord-
ingly, a battery manufactured by applying the electrode may
exhibit excellent flexibility, safety, electrochemical perfor-
mance, and the like.

[0009] For a reference, both the first conductive material
and the second conductive material have a gold nanosheet
having a diameter of about 10 um to about 20 um and a
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thickness of about 2 nm to about 5 nm and are classified into
first and second for convenience depending on a position.
[0010] Composite Film

[0011] Specifically, the gold nanosheet present inside the
elastic polymer matrix is embedded among neighboring
polymers and forms a composite film. On the other hand, the
gold nanosheet present outside of the elastic polymer matrix
is inserted in a form of a film between the elastic polymer
matrix and the electrode active material layer.

[0012] Accordingly, the gold nanosheets may uniformly
form a conductive percolation network with high density
inside and outside the elastic polymer matrix and maintain
the network during the elongation and the shrinkage.
[0013] More specifically, a weight ratio of the first con-
ductive material/the polymer matrix in the composite film
may range from about 10/100 to about 20/100. When the
weight ratio is within the range, electrical conductivity and
flexibility may be simultaneously pursued, but when first
conductive material is excessively included beyond the
range, the flexibility may be relatively deteriorated, and
when the polymer matrix is excessively included beyond the
range, the electrical conductivity may be relatively deterio-
rated.

[0014] On the other hand, the elastic polymer matrix may
include one of block copolymers represented by Chemical
Formulae 1 to 4. This block copolymer may exhibit excel-
lent strength due to an excellent bond with a neighboring
gold nanosheet (i.e., a first conductive material) as well as
have flexibility capable of elongation and shrinkage.
Accordingly, the electrode may maintain a stable structure
during the elongation or the shrinkage.

A-block-B [Chemical Formula 1]

A-block-B-block-C [Chemical Formula 2]

A-block-B-block-C-block-D [Chemical Formula 3]

[0015] In Chemical Formulae 1to 3, A, B, C, and D are the
same or different and are independently one of polystyrene,
polybutadiene, polybutylene, polyethylene, polyurethane,
polyisoprene, or a derivative thereof.

[0016] Mechanical, electrical, and optical characteristics
of the elastic polymer matrix depends on a chemical struc-
ture and inherent property of block copolymers consisting
thereof. Specifically, when a rubber not cured with the block
copolymer is used, much larger elasticity is obtained than a
poly(dimethylsiloxane) (PDMS)-based cured polymer.
[0017] For example, a synthetic rubber such as polybuta-
diene (PB), poly(styrene-butadiene) (PS-b-PB, PS-co-PB),
poly(styrene-butadiene-styrene) (PS-b-PB-b-PS) (SBS),
poly(styrene-ethylene-butylene-styrene) (SEBS), an ethyl-
ene propylene diene rubber (EPDM), an acrylic rubber, a
polychloroprene rubber (CR), polyurethane (PU), a fluorine
rubber, a butyl rubber, and the like, or a natural rubber such
as polyisoprene, and the like may be used as the block
copolymer.

[0018] Conductive Film and Electrode Active Material
Layer
[0019] The conductive film may be positioned on one

surface or both surfaces of the composite film, the active
material layer may be positioned on one surface of the
conductive film, and this position relationship is related to a
method of manufacturing the electrode.

[0020] More specifically described later, the conductive
film (hereinafter, a first conductive film) is formed on one
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substrate by transferring a gold nanosheet (i.e, a first
conductive material), and the composite film may be
obtained by spin-coating an elastic polymer solution. On the
composite film, another gold nanosheet (i.e., a second con-
ductive material) may be transferred to form a conductive
film including the second conductive material (hereinafter, a
second conductive film).

[0021] Hereinafter, on the second conductive film, an
electrode active material layer is formed, and a method of
forming the electrode active material layer has no particular
limit.

[0022] For example, the electrode active material layer
may be directly formed on the second conductive film or
transferred on the second conductive film after formed on a
separate conductive film. These methods are respectively
post-described in detail.

[0023] Regardless of the method of forming the electrode
active material layer, an electrode may be obtained after
forming the electrode active material layer. Herein, the
obtained electrode is present on the substrate and thus may
be applied to an electrochemical device after removing the
substrate.

[0024] On the other hand, the electrode active material
layer may include an electrode active material having a
particle diameter of about 100 nm to about 200 nm. Herein,
when the electrode is a negative electrode, a negative active
material such as graphite, silicon (Si), germanium (Ge),
TiO,, L,Ti5O,,, and the like may be used, while when the
electrode is a positive electrode, a positive active material
such as LiCoO,, LiMnO,, LiFePO,, and the like may be
used.

[0025] Characteristics of Thickness, Composition, etc.
[0026] A thickness of the composite film may be about 20
um to about 40 pum.

[0027] The thickness of the conductive film may be about
1 um to about 10 um, specifically about 1 um to about 5 pm.
When the conductive film has a thickness within the range,
conductivity may be maintained during elongation of the
electrode. On the other hand, when the conductive film has
a thickness of greater than or equal to about 5 um, the
conductive film may be detached from the composite film.
[0028] A thickness of the active material layer may be
about 1 pum to about 5 pm.

[0029] On the other hand, the first conductive material
may be included in an amount of about 10 wt % to about 20
wt %, the second conductive material may be included in an
amount of about 30 wt % to about 40 wt %, the electrode
active material layer may be included in an amount of about
10 wt % to about 15 wt %, the polymer matrix may be
included in a balance based on a total amount, 100 wt % of
the electrode. When the first conductive material is used
within the range, the electrode may have excellent flexibil-
ity, safety, and electrochemical characteristics.

Method for Manufacturing Electrode for Electrochemical
Device

[0030] According to another embodiment of the present
invention, a method for manufacturing an electrode for an
electrochemical device includes transferring a first conduc-
tive material on a substrate to form a first conductive film;
spin-coating an elastic polymer solution on the first conduc-
tive film to disperse the elastic polymer solution inside and
outside the first conductive film; drying the dispersed elastic
polymer solution to form an elastic polymer matrix and to
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obtain a composite film including a first conductive material
embedded inside the elastic polymer matrix; transferring a
second conductive material on the composite film to form a
second conductive film; transferring a third conductive
material on another substrate to form a third conductive film;
growing an active material on the third conductive film to
form an active material layer; and transferring the third
conductive film on which the active material layer is formed,
on the second conductive film.

[0031] Herein, the first conductive material, the second
conductive material, and the third conductive material are
gold nanosheets, which are for convenience divided as
described above.

[0032] On the other hand, in the manufacturing method,
the gold nanosheet may be transferred by a general method
where a solution including the gold nanosheet dispersed in
a solvent is prepared and the solution is dropped on a water
surface to form a thin film, and the formed thin film is
transferred on the substrate.

[0033] The solvent capable of dispersing the gold
nanosheet may be water, methanol, ethanol, propanol, iso-
propyl alcohol, butanol, ethylene glycol, dimethyl forma-
mide (DMF), tetrahydrofuran (THF), or a mixed solvent of
the two or more.

[0034] Hereinafter, a series of process including the each
step is described in detail.

[0035] Forming Composite Film on Substrate

[0036] The substrate for forming the first conductive film
and the composite film may be selected from substrates
consisting of PDMS (polydimethylsiloxane), a silicon wafer,
or silicon.

[0037] On this substrate, gold nanosheets (i.e., a first
conductive material) may be greater than or equal to about
twice and specifically, about 7 to about 8 times transferred
to form a film having a thickness ranging from about 500 nm
to about 1 um. This film may be called to be a first
conductive film, in which the gold nanosheets are three
dimensionally aggregated.

[0038] Subsequently, on the first conductive film, an elas-
tic polymer solution may be spin-coated and dispersed
inside and outside the first conductive film.

[0039] The dispersed elastic polymer solution may be
dried to form an elastic polymer matrix to obtain a com-
posite film that the first conductive material is embedded
inside the elastic polymer matrix.

[0040] Accordingly, the composite film may have a thick-
ness adjusted by concentration of a polymer material and a
condition for spin-coating this (e.g., speed, time, and the
like).

[0041] The elastic polymer solution may be prepared by
dissolving the aforementioned block copolymer in a solvent
to have appropriate viscosity. The solvent may be chloro-
form, chlorobenzene, toluene, dimethylformaldehyde, tetra-
hydrofuran, dimethyl sulfoxide, N-methylpyrrolidone, or
fluorinate.

[0042] The elastic polymer solution may have viscosity
ranging from about 10 to about 15 poise, and this concen-
tration may be obtained by using about 10 wt % to about 15
wt % of the block copolymer based on the total amount (100
wt %) of the elastic polymer solution.

[0043] When the elastic polymer solution satisfies the
viscosity and concentration ranges, the elastic polymer solu-
tion may be uniformly dispersed inside and outside the first
conductive film. Specifically, since the first conductive film
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is a gold nanosheet aggregate, the elastic polymer solution
may be partly impregnated and dispersed in an empty space
of the aggregate (i.e., a first conductive film) and partly
dispersed outside of the aggregate.

[0044] However, when the viscosity and concentration are
smaller than the ranges, the polymer matrix may become
thinner and have a limit in terms of flexibility. On the
contrary, the viscosity and concentration are larger than the
ranges, the elastic polymer solution may be impregnated in
a limited amount inside the first conductive film, but a thick
polymer matrix may be formed outside thereof, and thus
relatively conductivity may be decreased.

[0045] On the other hand, a polymer solution satisfying
the viscosity and concentration ranges may be spin-coated at
a speed of about 1000 rpm to about 2000 rpm for about 30
seconds to about 60 seconds. Accordingly, the elastic poly-
mer solution dispersed inside and outside the first conduc-
tive film may be dried to obtain an about 20 pm- to about 40
pum-thick composite film. This is an entire thickness range of
the composite film including the elastic polymer matrix and
the gold nanosheets embedded thereinside.

[0046] The drying may be performed within a temperature
range of about 70° C. to about 80° C. for about 1 minute to
about 5 minutes. This is a condition under which a solvent
in the dispersed elastic polymer solution may be removed.

[0047] Forming Second Conductive Film on Composite
Film
[0048] As described above, the second conductive mate-

rial may be greater than or equal to about twice transferred
on one surface or both surfaces of the composite film to form
a second conductive film.

[0049] Specifically, the second conductive material may
be greater than or equal to about twice transferred on the
composite film formed in the previous process to form a gold
nanosheet aggregate (i.e., a second conductive film) on only
one surface of the composite film.

[0050] On the other hand, another second conductive film
may be formed on the other surface of the composite film by
removing the substrate from the composite film having the
second conductive film on one surface and bonding the
substrate with the second conductive film to expose the other
surface of the composite film. On the exposed composite
film, the second conductive material may be greater than or
equal to about twice transferred to form a gold nanosheet
aggregate on both surfaces of the composite film (i.e., a
second conductive film).

[0051] Forming Electrode Active Material Layer on Sec-
ond Conductive Film

[0052] A method of forming an electrode active material
layer on the second conductive film has no particular limit
as aforementioned.

[0053] For example, the electrode active material layer
may be directly formed on the second conductive film in a
method of spin coating, spraying, electro-spinning, a hydro-
thermal synthesis method, a polyol synthesis method, a
solid-phase method, and the like. The spin coating is used in
post-described Examples as a method generally known in a
battery field.

[0054] Otherwise, an electrode active material layer is
formed on a separate conductive film and transferred on the
second conductive film. Herein, gold nanosheets (i.e., a third
conductive material) are transferred on another substrate to
form a conductive film (hereinafter, a third conductive film),
and an electrode active material grows thereon to obtain a
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third conductive film having an electrode active material
layer. The third conductive film having the electrode active
material layer is transferred on the second conductive film to
obtain the electrode.

[0055] Herein, when the electrode is a negative electrode,
a negative active material such as graphite, silicon (Si),
germanium (Ge), TiO,, L, Ti;O,,, and the like may be used,
while when the electrode is a positive electrode, a positive
active material such as LiCoO,, LiMnO,, LiFePO,, and the
like may be used.

[0056] Subsequently, the electrode active material may be
further crystallized through a heat-treatment at about 400°
C. to about 600° C.

[0057] As aforementioned, regardless of a method of
forming the electrode active material layer, an electrode may
be obtained after forming the electrode active material layer.
Herein, the obtained electrode is present on the former
substrate and thus may be applied to an electrochemical
device by removing the substrate.

Electrochemical Device

[0058] Inanother embodiment of the present invention, an
electrochemical device includes a positive electrode; nega-
tive electrode; and a gel polymer electrolyte between the
positive electrode and the negative electrode, wherein at
least one electrode of the positive electrode and the negative
electrode is the electrode.

[0059] The above electrode as either one of the positive
electrode and the negative electrode and a gel polymer
electrolyte as an electrolyte may be applied to realize a
thinness, exhibit excellent flexibility, safety, and excellent
cycle-life characteristics.

[0060] Specifically, the electrochemical device may be a
rechargeable lithium battery, a sodium rechargeable battery,
or a super capacitor. For example, when the electrochemical
device is the rechargeable lithium battery, initial efficiency
of greater than or equal to about 80% may be obtained.
[0061] Accordingly, the electrochemical device as a so
called “elongatable energy storage system” may be applied
to a wearable apparatus, a flexible apparatus, and the like.
[0062] The electrolyte separates the positive and negative
electrodes and provides a passage for metal ions and may
maintain a shape during an elongation and a shrinkage. In
other words, the gel electrolyte may have low resistance
against an ion movement and secure an elongation property.
For example, the gel electrolyte may include a lithium salt
and may be in a gel state. The lithium salt dissolved in the
gel electrolyte acts a source of a lithium ion in a battery,
enables basic operation of a lithium electrochemical device,
and improves lithium ion transportation between positive
and negative electrodes therein. Examples of the lithium salt
may be LiPF, LiBF,, LiSbF, LiAsF, LiC,F,SO;, LiClO,,
LiAlO,, LiAICL, LIN(CF,., , SO, )(C,F, ,, SO,), wherein,
x and y are natural numbers), LiCl, Lil, LiB(C,0,), (lithium
bis(oxalato) borate; LiBOB) or a combination thereof, as a
supporting electrolytic salt. A concentration of the lithium
salt may be about 0.1 M to about 2.0 M. When the lithium
salt is included at the above concentration range, an elec-
trolyte may have excellent performance and lithium ion
mobility due to optimal electrolyte conductivity and viscos-
ity.

[0063] A packaging material of the electrochemical device
may be PDMS (polydimethlysiloxane).
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[0064] In addition, constituent elements of the electro-
chemical device are the same as generally known and will
not be described in detail.

[0065] According to an embodiment of the present inven-
tion, an electrode for an electrochemical device may have
flexibility, safety, conductivity, and the like.

[0066] In addition, according to another embodiment of
the present invention, the electrode for an electrochemical
device may be manufactured.

[0067] Furthermore, yet another embodiment of the pres-
ent invention may provide an electrochemical device having
excellent flexibility, safety, and excellent cycle-life charac-
teristics by using the electrode for an electrochemical device
for at least one of positive and negative electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] FIG. 1 schematically shows a process of manufac-
turing an electrode according to an example embodiment of
the present invention.

[0069] FIGS. 2 and 3 are scanning electron microscope
(SEM) photographs respectively showing a first conductive
film (FIG. 2) and a composite film (FIG. 3) according to the
example embodiment of the present invention.

[0070] FIG. 4 is a photograph enlarging FIG. 3.

[0071] FIG. 5 is a photograph showing a cross section of
FIG. 4.

[0072] FIG. 6 is a SEM photograph showing an electrode

active material layer on a third conductive film according to
Example 1 of the present invention.

[0073] FIG. 7 shows electrical conductivity results of
electrodes according to Example of the present invention
and Comparative Example while elongated.

[0074] FIG. 8 shows tensile strength results of the elec-
trode according to Example of the present invention.
[0075] FIG. 9 shows a negative electrode voltage profile
of a rechargeable lithium battery cell according to Example
of the present invention.

[0076] FIG. 10 shows a positive electrode voltage profile
of the rechargeable lithium battery cell according to
Example of the present invention.

[0077] FIG. 11 shows negative electrode cycle character-
istics of the rechargeable lithium battery cell according to
Comparative Example.

[0078] FIG. 12 shows cycle characteristics of a positive
electrode of the rechargeable lithium battery cell according
to Comparative Example.

[0079] FIG. 13 shows cycle characteristics of the
rechargeable lithium battery cell according to Example of
the present invention after an elongation of 15%.

[0080] FIG. 14 shows cycle characteristics of the
rechargeable lithium battery cell according to Comparative
Example after an elongation of 15%.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0081] Hereinafter, Examples of the present invention,
Comparative Examples, and Evaluation Examples are
described. These examples, however, are not in any sense to
be interpreted as limiting the scope of the invention.

Example 1
[0082] (1) Manufacture of Negative Electrode
[0083] An electrode was manufactured according to a

process schematically shown in FIG. 1.
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[0084] 1) Forming Composite Film on Substrate

[0085] A thin film was formed by dispersing a gold
nanosheet (width: 10 pm, length: 15 um, thickness: 5 nm) in
butanol to prepare a solution (a concentration: 5 wt %)) and
dropping the solution on the surface water and then, trans-
ferred into a PDMS (polydimethylsiloxane) substrate. The
process was 7 to 8 times repeated on the substrate to form
a 2 cm-wide, 2 cm-long, and 1 pum-thick first conductive
film.

[0086] On the first conductive film, a SBS block copoly-
mer solution (a concentration: 10 wt %, viscosity: 10 poise)
was spin-coated. Herein, the spin coating was performed
under a condition (a rotation speed: 2000 rpm, time: 60
seconds).

[0087] Accordingly, a 2 cm-wide, 2 cm-long, and 40
um-thick composite film was formed on the substrate. The
composite film has a structure that a gold nanosheet was
embedded in an elastic polymer matrix consisting of a SBS
block copolymer, wherein the gold nanosheet/the elastic
polymer matrix had a weight ratio of 10/100 and with a total
thickness of 40 pm.

[0088] 2)Forming Second Conductive Film on Composite
Film
[0089] A second conductive film was formed by transfer-

ring a gold nanosheet on the composite film according to the
same method as above.

[0090] However, the second conductive film was formed
on both surfaces of the composite film by seven times
transferring the second conductive material only on one
surface of the composite film to form a gold nanosheet
aggregate (i.e., a second conductive film) and forming
another second conductive film on the other surface of the
composite film.

[0091] Then, the substrate was removed and then, bonded
with the second conductive film, so that the other surface of
the composite film might be exposed outside. On the
exposed composite film, the second conductive material was
seven times transferred to form each 1 pum-thick second
conductive film on both surfaces of the composite film. In
other words, a structure of the second conductive film/the
composite film/the second conductive composite film was
obtained.

[0092] 3) Forming Negative Active Material Layer on
Second Conductive Film

[0093] A negative active material was spin-coated on the
second conductive film.

[0094] Specifically, as for the negative active material,
L, Ti50,, (an average particle diameter: 200 nm) was used to
prepare electrode active material slurry, and the electrode
active material slurry was used to form an electrode active
material layer on the second conductive film.

[0095] More specifically, the negative active material
slurry was prepared by mixing the negative active material:
carbon black (an average particle diameter: 20 nm): CMC
(carboxylmethyl cellulose) in a weight ratio of 8:1:1 and
adjusting its slurry phase with a solvent (deionized water).
[0096] The negative active material slurry was spin-coated
on the second conductive film at a rotation speed of 2000
rpm for 60 seconds and then, heat-treated and dried at 100°
C.

[0097] Accordingly, the second conductive film having the
negative active material layer (a loading amount: 0.0018
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g/cm?) was obtained. In other words, a negative electrode
having a structure of the conductive film/the composite
film/the conductive film/the negative active material was
obtained.

[0098] (2) Manufacture of Positive Electrode

[0099] A positive electrode was manufactured according
to the same process as the above process of manufacturing
the negative electrode except for using LiFePO, (an average
particle diameter: 150 nm) as a positive active material
instead of the negative active material.

[0100] Accordingly, the positive electrode having a struc-
ture of the conductive film/the composite film/the conduc-
tive film/the positive active material was obtained.

[0101] (3) Manufacture of Rechargeable Lithium Battery
(Half-Cell)
[0102] A rechargeable lithium battery coin half-cell was

manufactured by using the negative electrode manufactured
in (1) of Example 1 and a Li-metal as a counter electrode.
[0103] On the other hand, a rechargeable lithium battery
pouch half-cell was also manufactured by using the negative
electrode manufactured in (5) of Example 1 and a Li-metal
as a counter electrode.

[0104] Each battery used a gel electrolyte prepared by
using sebaconitrile as a solvent and LiTFSi (lithium bis-
trifluoromethanesulphonimide) as a lithium salt. When the
lithium salt was used in a concentration ranging from 0.1 to
2.0 M, the electrolyte had appropriate conductivity and
viscosity during an elongation process and showed excellent
electrolyte performance.

[0105] As for the rechargeable lithium battery pouch half-
cell, PDMS (poly dimethlysiloxane) was used as a packing
material in a commonly known method.

Comparative Example 1

[0106] (1) Manufacture of Electrode

[0107] An SBS block copolymer solution was spin-coated
on a substrate without forming the first conductive film
unlike. Accordingly, only a 2 cm-wide, 2 cm-long, and 40
um-thick elastic polymer matrix was formed on the sub-
strate.

[0108] (2) Manufacture of Rechargeable Lithium Battery
Cell
[0109] A rechargeable lithium battery coin half-cell was

manufactured according to the same method as Example 1
by using the electrode according to Comparative Example 1.

Evaluation Example 1: Examination with Scanning
Electron Microscope (SEM)

[0110] 1) FIG. 2 is a SEM photograph showing the first
conductive film according to Example 1.

[0111] Referring to FIG. 2, 10 um-wide, 15 pm-long, and
2 nm-thick gold nanosheets were three dimensionally aggre-
gated to form a film.

[0112] 2) FIG. 3 is a SEM photograph showing the com-
posite film of Example 1, FIG. 4 is a photograph enlarging
the SEM photograph of FIG. 3, and FIG. 5 is a photograph
showing the cross section of FIG. 4.

[0113] Referring to FIGS. 3 to 5, a structure that the gold
nanosheets were uniformly embedded inside the elastic
polymer matrix with high density was found through spin
coating.
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[0114] 3) FIG. 6 is a SEM photograph showing the con-
ductive film coated with the negative active material layer
according to Example 1.

[0115] Referring to FIG. 6, the negative active material
layer had a total thickness of 5 um by uniformly coating a
negative active material having an average particle diameter
of 100 nm and a conductive material having an average
particle diameter of 10 nm.

Evaluation Example 2: Electrical Conductivity and
Tensile Strength of Electrode in Elongation State

[0116] Flectrical conductivity and tensile strength were
measured by respectively elongating the negative electrodes
according to Example 1 and Comparative Example 1. The
results are shown in graphs of FIGS. 7 and 8.

[0117] Referring to FIG. 7, the negative electrode of
Example 1 showed almost no resistance increase when twice
elongated (i.e., an x axis is 100%) relative to that of the
negative electrode before the elongation (i.e., the x axis is 0).
The electrode of Comparative Example 1 showed greater
than or equal to 100 times increased resistance when twice
elongated compared with that of the electrode before the
elongation (i.e., an x axis is 0).

[0118] Referring to FIG. 8, the negative electrode of
Example 1 was finally broken when greater than or equal to
900% elongated.

Evaluation Example 3: Initial Voltage Profile

[0119] An initial voltage profile of positive and negative
electrodes about the rechargeable lithium battery cell of
Example 1 was evaluated, and the results are shown in FIG.
9 (negative electrode) and FIG. 10 (positive electrode). The
voltage profile was evaluated at a 0.1 C rate within a voltage
range of 1 Vto 3.0 V as for the negative electrode but within
a voltage range of 2.5 V to 4 V as for the positive electrode.
In FIG. 9, since a descending curved line indicates discharge
capacity, while an ascending curved line indicates charge
capacity, electrochemical characteristics may be evaluated
referring to FIG. 9.

[0120] In FIG. 9, when the negative electrode of (1) of
Example 1 was used, initial discharge capacity was 170
mAh/g, charge capacity was 165 mAh/g, and initial coulomb
efficiency was 97%. In addition, in FIG. 10, when the
positive electrode of (1) of Example 1 was used, initial
discharge capacity was 181 mAh/g, and charge capacity was
172 mAb/g.

[0121] Accordingly, each electrode of Example 1 secured
electrochemical safety at a potential where lithium ion
battery cells were operated.

Evaluation Example 4: Cycle Characteristics

[0122] Cycle characteristics of the rechargeable lithium
battery cells of Example 1 were evaluated, and the results
are shown in FIGS. 11 and 12. In FIGS. 11 and 12, a lower
graph indicates charge capacity, and an upper graph indi-
cates coulomb efficiency. The cycle characteristics were
evaluated by performing charge/discharge at a 1 C rate
within the same voltage range as Evaluation Example 3.

[0123] Referring to FIG. 11, when the negative electrode
of Example 1 was used, the cell exhibited capacity of 155
mAbh/g after 50 cycles and maintained greater than or equal
to 99.5% of the capacity. In addition, referring to FIG. 12,
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when the positive electrode of (1) of Example 1 was used,
the cell exhibited capacity of 165 mAh/g after 15 cycles.

Evaluation Example 5: Capacity Change Depending
on Elongation

[0124] A capacity change of rechargeable lithium battery
cells respectively using the negative active materials of
Example 1 and Comparative Example 1 depending on an
elongation was evaluated, and the results are shown in FIGS.
13 and 14. Separately, a capacity change of the rechargeable
lithium battery cell of Comparative Example 1 depending on
an elongation was evaluated, and the results are shown in
FIG. 13.

[0125] Referring to FIG. 13, the electrode showed stable
cycle performance and greater than or equal to 99.5% of
coulomb efficiency when 15% elongated. On the contrary, in
FIG. 14, the electrode of Comparative Example 1 showed
five times reduced capacity of 30 mAl/g after 5 cycles
relative to the initial capacity.

[0126] While this invention has been described in connec-
tion with what is presently considered to be practical
example embodiments, it is to be understood that the inven-
tion is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An electrode for an electrochemical device, comprising

a composite film including an elastic polymer matrix and

a first conductive material embedded in the elastic
polymer matrix;

a conductive film disposed on the composite film and

including a second conductive material; and

an electrode active material layer disposed on the con-

ductive film,

wherein each of the first conductive material and the

second conductive material are a gold nanosheet.

2. The electrode for an electrochemical device of claim 1,
wherein the gold nanosheet has a diameter of about 10 pm
to about 20 pum.

3. The electrode for an electrochemical device of claim 1,
wherein the gold nanosheet has a thickness of about 2 nm to
about 5 nm.

4. The electrode for an electrochemical device of claim 1,
wherein the elastic polymer matrix includes one of block
copolymers represented by Chemical Formulae 1 to 4:

A-block-B [Chemical Formula 1]

A-block-B-block-C [Chemical Formula 2]

A-block-B-block-C-block-D [Chemical Formula 3]

wherein, in Chemical Formulae 1 to 3, A, B, C, and D are
the same or different and are independently one of
polystyrene, polybutadiene, polybutylene, polyethyl-
ene, polyurethane, polyisoprene, or a derivative
thereof.

5. The electrode for an electrochemical device of claim 1,
wherein the first conductive material is uniformly dispersed
and embedded inside the polymer matrix.

6. The electrode for an electrochemical device of claim 1,
wherein a weight ratio of the first conductive material/the
polymer matrix in the composite film ranges from about
10/100 to about 20/100.
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7. The electrode for an electrochemical device of claim 1,
wherein the conductive film is disposed on one surface or
both surfaces of the composite film.

8. The electrode for an electrochemical device of claim 7,
wherein the electrode active material layer is disposed on
one surface of the conductive film.

9. The electrode for an electrochemical device of claim 1,
wherein the electrode active material layer includes an
electrode active material having a particle diameter of about
100 nm to about 200 nm.

10. The electrode for an electrochemical device of claim
1, wherein the composite film has a thickness of about 20 um
to about 40 pum.

11. The electrode for an electrochemical device of claim
1, wherein the conductive film has a thickness of about 1 um
to about 10 pum.

12. The electrode for an electrochemical device of claim
1, wherein the active material layer has a thickness of about
1 um to about 5 pum.

13. The electrode for an electrochemical device of claim
1, wherein the first conductive material is included in an
amount of about 10 wt % to about 20 wt %, the second
conductive material is included in an amount of about 30 wt
% to about 40 wt %, the electrode active material layer is
included in an amount of about 10 wt % to about 15 wt %,
and the polymer matrix is included in a balance based on a
total amount, 100 wt % of the electrode.

14. A method for manufacturing an electrode for an
electrochemical device, comprising

transferring a first conductive material on a substrate to

form a first conductive film;

spin-coating an elastic polymer solution on the first con-

ductive film to disperse the elastic polymer solution
inside and outside the first conductive film;

drying the dispersed elastic polymer solution to form an

elastic polymer matrix and to obtain a composite film
including a first conductive material embedded inside
the elastic polymer matrix;

transferring a second conductive material on the compos-

ite film to form a second conductive film; and
forming an active material layer on the second conductive
film,

wherein each of the first conductive material and the

second conductive material are a gold nanosheet,

15. The method of claim 14, wherein the spin-coating of
an elastic polymer solution on the first conductive film to
disperse the elastic polymer solution inside and outside the
first conductive film is performed at a rotation speed of about
1000 rpm to about 2000 rpm.

16. The method of claim 14, wherein the drying of the
dispersed elastic polymer solution to form an elastic poly-
mer matrix and to obtain a composite film including a first
conductive material embedded inside the elastic polymer
matrix is performed at a temperature range of about 70° C.
to about 80° C.

17. The method of claim 14, wherein the transferring of
the second conductive material on the composite film to
form a second conductive film is transferring the second
conductive material on one surface or both surfaces of the
composite film twice or more.

18. The method of claim 14, wherein the forming of the
active material layer on the second conductive film is
performed by spin coating, transferring, spraying, electro-
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spinning, a hydrothermal synthesis method, a polyol syn-
thesis method, or a solid-phase method.

19. The method of claim 14, wherein the transferring of
the first conductive material on a substrate to form a first
conductive film is transferring the first conductive material
on one surface of the substrate twice or more.

20. An electrochemical device, comprising

a positive electrode;

a negative electrode; and

an electrolyte between the positive electrode and the

negative electrode,

wherein at least one electrode of the positive electrode

and the negative electrode is the electrode of claim 1.

21. The electrochemical device of claim 20, wherein the
electrolyte is a gel polymer electrolyte.

22. The electrochemical device of claim 20, wherein the
electrochemical device is packed with PDMS (polydime-
thlysiloxane).

23. The electrochemical device of claim 20, wherein the
electrochemical device is a rechargeable lithium battery, a
sodium rechargeable battery, or a super capacitor.

24. The electrochemical device of claim 20, wherein the
electrochemical device is applied to a driving power of a
wearable apparatus or a flexible apparatus.

#* #* #* #* #*
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