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(57) ABSTRACT

Provided is a method for manufacturing an electromagnetic
interference shielding film comprising an electromagnetic
interference shielding layer, the method comprising the steps
of: preparing a metal nanoplate solution comprising a sol-
vent in which metal nanoplates are dispersed; and coating
the metal nanoplate solution on a substrate.
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METHOD OF MANUFACTURING AN
ELECTROMAGNETIC WAVE SHIELDING
FILM COMPRISING AN
ELECTROMAGNETIC WAVE SHIELDING
LAYER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 16/630,104, filed on Jan. 10, 2020, which was
a National Stage application of PCT/KR2018/016584, filed
on Dec. 24, 2018, and claims priority to Korean Patent
Application No. 10-2018-0001674, filed on Jan. 5, 2018 and
Korean Patent Application No. 10-2018-0158285, filed on
Dec. 10, 2018, and all the benefits accruing therefrom under
35 U.S.C. § 119, the contents of which in its entirety are
herein incorporated by reference.

TECHNICAL FIELD

[0002] Disclosed relates to a method of manufacturing a
new electromagnetic wave shielding film.

BACKGROUND ART

[0003] Due to the miniaturization of electronic products
and the development of information and communication
devices, the pollution caused by electromagnetic waves in
everyday life is increasing. These electromagnetic waves
cause a malfunction or system errors of peripheral devices,
and can cause diseases in the human body, which are directly
affected thereby. As a result, the development of electro-
magnetic wave shielding technology is becoming very
important.

[0004] Accordingly, there is a growing demand for elec-
tromagnetic wave shielding films for shielding electromag-
netic waves attached to electronic products. The electromag-
netic wave shielding ability of such electromagnetic wave
shielding films may be represented by the efficiency of
electromagnetic wave shielding, and specifically, may be
represented by the internal absorption of the electromagnetic
wave, surface reflection of the electromagnetic wave, and
sum of the losses through multi-reflection.

[0005] On the other hand, the conventional electromag-
netic wave shielding film is manufactured to include a
conductive film containing a metal material, which is a
conductive material, mainly through a plating process. In
this case, there are problems in that the processability of the
electromagnetic wave shielding film is lowered and the price
competitiveness is lowered.

[0006] Accordingly, various materials for use in electro-
magnetic wave shielding films as substitutes for existing
metal materials have been studied, and process conditions
using them are also being studied.
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SUMMARY OF INVENTION

Technical Problem

[0010] In embodiments of the present invention, an elec-
tromagnetic wave shielding film is manufactured through a
solution process using a metal nanoplate.

Solution to Problem

[0011] In one embodiment of the present invention, a
method of manufacturing an electromagnetic wave shielding
film including an electromagnetic wave shielding layer is
provided. The manufacturing method includes the steps of:
preparing a metal nanoplate solution containing a solvent in
which metal nanoplates are dispersed; and coating the metal
nanoplate solution on a substrate.

[0012] In an exemplary embodiment, the metal nanoplate
solution may include 0.01 to 80 parts by weight of the metal
nanoplate with respect to 100 parts by weight of the solvent.
[0013] Inanexemplary embodiment, the substrate may be
coated 2 to 10 times with 1 ml of the metal nanoplate
solution during the coating process.

[0014] In an exemplary embodiment, the metal nanoplate
is annealed by performing a heat treatment process on the
substrate coated with the metal nanoplate solution, and the
heat treatment process may be performed under a tempera-
ture condition of 100 to 250° C.

[0015] In an exemplary embodiment, the metal nanoplate
is annealed by performing a reduction process on the sub-
strate coated with the metal nanoplate solution, and the
reduction process may be a chemical reduction process or an
optical reduction process.

[0016] In an exemplary embodiment, the electromagnetic
wave shielding layer may have a thickness ranging from 50
nm to 500 pm.

[0017] In another embodiment of the present invention,
another method of manufacturing an electromagnetic wave
shielding film including an electromagnetic wave shielding
layer is provided. The manufacturing method includes the
steps of: performing a heat treatment process on a metal
nanoplate; preparing a metal nanoplate solution including
the heat-treated metal nanoplate, a polymer resin, and a
solvent after the heat treatment process; subjecting the metal
nanoplate solution to sonic treatment to produce a prelimi-
nary polymer resin-metal nanoplate composite; and drying
the preliminary polymer-resin nanoplate composite to manu-
facture an electromagnetic wave shielding layer including
the polymer resin-metal nanoplate composite.

[0018] In an exemplary embodiment, the metal nanoplate
solution may include 0.01 to 80 parts by weight of the
polymer resin and 0.01 to 80 parts by weight of the metal
nanoplate with respect to 100 parts by weight of the solvent.
[0019] In an exemplary embodiment, the metal nanoplate
is annealed through the heat treatment process, and the heat
treatment process may be performed under a temperature
condition of 100 to 250° C.

[0020] In an exemplary embodiment, the drying process
includes a first drying process performed under a tempera-
ture condition of 15 to 30° C., and a second drying process
performed under a temperature condition of 40 to 60° C.
[0021] In an exemplary embodiment, after manufacturing
the electromagnetic wave shielding layer, a surface protec-
tive layer may be further formed on the electromagnetic
wave shielding layer.
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Advantageous Effects of Invention

[0022] According to the method of manufacturing an
electromagnetic wave shielding film of the present inven-
tion, an electromagnetic wave shielding film including a
metal nanoplate can be manufactured. The metal nanoplate
has the same or similar physical properties as the metal
material, but has a higher flatness ratio than a conductive ink
material, and thus has a high electromagnetic wave shielding
performance. Therefore, the electromagnetic wave shielding
film manufactured to include the same may exhibit remark-
ably improved electromagnetic wave shielding efficiency as
compared with the conventional electromagnetic wave
shielding film. Accordingly, a lighter electromagnetic wave
shielding film having a thickness thinner than that of the
electromagnetic wave shielding film using the conventional
metallic material may be manufactured.

[0023] In addition, in the method of manufacturing an
electromagnetic wave shielding film of the present inven-
tion, an electromagnetic wave shielding film is manufac-
tured through a solution process. When an electromagnetic
wave shielding film is manufactured using the solution
process, an electromagnetic wave shielding film may be
manufactured by a simple process, so the price competitive-
ness of the electromagnetic wave shielding film can be
improved. In addition, since the metal nanoplate used in the
manufacturing method of the present invention is easily
dispersed in various kinds of solvents and polymers, etc.,
application fields of the process can be diversified and the
process efficiency can be increased.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a schematic view schematically showing
steps of manufacturing a shielding film manufactured
according to Examples 1 to 11.

[0025] FIG. 2 is a schematic view schematically showing
steps of manufacturing a shielding film manufactured
according to Example 12 or 13.

[0026] FIGS. 3A and 3B are optical micrographs of the
copper nanoplate used in an embodiment of the present
invention.

[0027] FIG. 4 is an SEM photograph of a copper nanoplate
used in an embodiment of the present invention.

[0028] FIGS. 5A and 5B are optical micrographs of the
surface of the electromagnetic wave shielding film manu-
factured according to Example 1.

[0029] FIG. 6 is an SEM photograph of the surface of the
electromagnetic wave shielding film manufactured accord-
ing to Example 1.

[0030] FIGS. 7A and 7B are SEM photographs of cross
sections of the electromagnetic wave shielding film manu-
factured according to Example 1.

[0031] FIGS. 8A and 8B are optical micrographs of the
surface of the electromagnetic wave shielding film manu-
factured according to Examples 12 and 13, respectively.
[0032] FIG. 9 is an SEM photograph of a cross section of
the electromagnetic wave shielding film manufactured
according to Example 12.

[0033] FIG. 10 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Comparative Example 1.

[0034] FIG. 11 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Example 1.
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[0035] FIG. 12 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Examples 2 to 5.

[0036] FIG. 13 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Examples 3, 5, 6 and 7.

[0037] FIG. 14 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Examples 8 to 11.

[0038] FIG. 15 is a graph showing the shielding perfor-
mance of the electromagnetic wave shielding film manufac-
tured according to Examples 12 and 13.

[0039] FIGS. 16A and 16B illustrate the results of back-
scattering electron diffraction analysis of the copper nano-
plate included in the embodiment of the present invention.
[0040] FIG. 17 is an optical photograph of the surface of
an electromagnetic wave shielding film manufactured by
varying the loading amount of a metal nanoplate in the
electromagnetic wave shielding film according to the present
invention.

[0041] FIG. 18 is an SEM photograph showing the cov-
erage of a metal nanoplate stacked in the electromagnetic
wave shielding film according to the present invention.
[0042] FIGS. 19A and 19B are SEM photographs showing
a plate-shaped laminated structure of a copper nanoplate
formed on a PI film in the electromagnetic wave shielding
film according to the present invention.

[0043] FIGS. 20A to 20G are SEM photographs showing
a plate-shaped laminated structure when the loading amount
of a metal nanoplate is varied in the electromagnetic wave
shielding film according to the present invention.

[0044] FIG. 21 is an X-ray image showing a plate-shaped
laminated structure in the electromagnetic wave shielding
film according to the present invention.

[0045] FIG. 22 is a graph showing sheet resistance and
EMI SE according to the loading amount of a metal nano-
plate per unit area in the electromagnetic wave shielding
film according to the present invention.

[0046] FIG. 23 is a graph showing the conductivity
according to the loading amount of a metal nanoplate per
unit area in the electromagnetic wave shielding film accord-
ing to the present invention.

[0047] FIG. 24 is a graph showing EMI SE according to
the loading amount of a metal nanoplate per unit area in the
electromagnetic wave shielding film according to the present
invention.

[0048] FIG. 25 is a graph comparing the EMI SE of an
electromagnetic wave shielding film according to the present
invention and a copper single thin film thermally evapo-
rated.

[0049] FIG. 26 is a graph comparing the SSE values of the
electromagnetic wave shielding film according to the present
invention with the conventional solution substrate electro-
magnetic wave shielding films.

[0050] FIG. 27 illustrates a photograph of a thermal imag-
ing camera measuring the thermal conductivity of an elec-
tromagnetic wave shielding film and a copper single thin
film according to the present invention.

[0051] FIG. 28 is a graph showing the thermal conductiv-
ity of a film coated by thermal evaporation of the electro-
magnetic wave shielding film and copper according to the
present invention.
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DESCRIPTION OF EMBODIMENTS

[0052] Hereinafter, the present invention will be described
in detail by way of preferred examples with reference to the
accompanying drawings.

[0053] The embodiments of the present invention
described in the present specification are for illustrative
purposes only, and the embodiments of the present invention
can be embodied in various forms and should not be
construed as limited to the embodiments explained in the
present specification.

[0054] It is to be understood that various modifications
and many different forms may be made, and the embodi-
ments are not intended to limit the present invention to
specific forms disclosed, and that the present invention
includes all modifications, equivalents, and alternatives fall-
ing within the spirit and technical scope of the present
invention.

[0055] In the embodiment of the present invention, the
term “metal nanoplate” means a metal material having a
two-dimensional plate structure and having a diameter of 1
pm or more and a thickness of 1 nm or more.

[0056] In the embodiment of the present invention, the
term “plate-shaped laminated structure” means a structure in
which two-dimensional plate-shaped nanomaterials are
stacked in layers, and a part of one layer in the laminated
structure may be in direct contact with a part of another
adjacent layer.

[0057] In the embodiment of the present invention, the
term “pore” means an empty space (void) in which the
periphery of a plate-shaped laminated structure is sur-
rounded by the two-dimensional nanomaterial.

[0058] Method of Manufacturing an Flectromagnetic
Wave Shielding Film

[0059] Embodiments of the present invention provide an
electromagnetic wave shielding film comprising an electro-
magnetic wave shielding layer comprising a metal nano-
plate. The electromagnetic wave shielding film may be
manufactured through a coating process using a metal
nanoplate or a composite forming process including a metal
nanoplate.

[0060] Hereinafter, a method of manufacturing a metal
nanoplate through a coating process using a metal nanoplate
will be described first. According to the method of manu-
facturing an electromagnetic wave shielding film through a
coating process using a metal nanoplate, an electromagnetic
wave shielding film comprising a sequentially laminated
substrate, an electromagnetic wave shielding layer and a
surface protective layer may be manufactured.

[0061] FIG. 1 schematically shows a method of manufac-
turing an electromagnetic wave shielding film through a
coating process (spray process) using a metal nanoplate.
Hereinafter, the manufacturing method will be described in
detail with reference to FIG. 1.

[0062] First, a metal nanoplate solution containing a sol-
vent in which a metal nanoplate is dispersed is prepared.
[0063] In an exemplary embodiment, the metal nanoplate
is not limited as long as it is a metal material having a
two-dimensional plate structure, and may include a noble
metal such as copper, silver, platinum, gold, and the like, or
a transition metal.

[0064] In an exemplary embodiment, the metal nanoplate
may have a diameter in the range of 2 um or more. For
example, it may have a diameter in the range of 2 to 99 pm.
As the diameter of the metal nanoplate increases, it is
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possible to have a better shielding effect. However, if the
metal nanoplate is excessively large, the flatness ratio of the
metal plate may be lowered and the advantage of the plate
structure may disappear. Therefore, it is preferable to use a
metal nanoplate having a diameter within the range of 2 to
99 pm.

[0065] Meanwhile, the metal nanoplate may be hydrother-
mally synthesized. Particularly, in the hydrothermal synthe-
sis process, a metal growth agent may be used. The metal
growth agent may play a supporting role such that the metal
precursor can grow in the direction of the surface when
growing into the metal nanoplate. Specifically, the binding
energy accumulated in the surface direction on the surface of
the metal plate can strongly affect the reducing environment.
In an exemplary embodiment, the metal growth agent may
include at least one selected from the group consisting of a
fluorine compound, a chlorine compound, a bromine com-
pound, an iodine compound, and an astatine (At) compound.
Specifically, the metal growth agent may include at least one
selected from the group consisting of Pbl,, KI, ICL, Brl, ICl,,
IC1, HBr and KBr.

[0066] In an exemplary embodiment, the larger the thick-
ness of the metal nanoplate is, the better, but it is preferable
to use a metal nanoplate having a thickness of 1 to 99 nm.
If the thickness is out of the range, the advantage of the plate
structure disappears and the electromagnetic wave shielding
efficiency may be lowered.

[0067] In one embodiment, the metal nanoplate may have
a thickness in the range of 1 to 1000 nm, and more
specifically 10 to 500 nm. When the thickness is 500 nm or
more, the non-plate-shaped metal nanoplate may be manu-
factured to have a particle shape rather than a two-dimen-
sional plate structure.

[0068] In one embodiment, the metal may be a polycrys-
talline or single crystal metal. Meanwhile, in the case of a
single crystal metal, any one having a face-centered cubic
structure (FCC) may be used without limitation. Accord-
ingly, the metal nanoplate may be a single crystal metal
nanoplate or a polycrystalline metal nanoplate.

[0069] In one embodiment, the metal may include copper,
silver, platinum, gold, or a transition metal. Also, for
example, the metal nanoplate may be a copper nanoplate. In
particular, the copper nanoplate may be oriented to a (111)
crystal plane.

[0070] In an exemplary embodiment, the solvent may
include at least one selected from the organic solvent group
consisting of ethanol (C,H,O), methanol (CH;OH), meth-
ylene chloride (C,H,Cl,), tetrahydrofuran (C,H;O), hexane
(C¢H,,), chloroform (CHCL,), isopropanol (C;HgO), the
like.

[0071] In one embodiment, the solvent may be chloro-
form.
[0072] Meanwhile, the metal nanoplate solution may

include 0.01 to 80 parts by weight of the metal nanoplate
with respect to 100 parts by weight of the solvent. The metal
nanoplate solution should contain 0.01 to 80 parts by weight
of the metal nanoplate to be easily applicable to a coating
process to be described later.

[0073] If the metal nanoparticle solution is prepared to
contain less than 0.01 part by weight of metal nanoplates, the
process time may be excessively increased. When it contains
more than 80 parts by weight of metal nanoplates, the
amount of the metal nanoplate may be unnecessarily
increased and a spraying failure may occur.
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[0074] Thereafter, the metal nanoplate solution is coated
on the substrate.

[0075] In one embodiment, the coating may be performed
by one or more of spraying, spin coating, bar coating,
gravure coating, and dip coating methods, but any process
capable of coating an ink form or a powder material may be
used without limitation. For example, the metal nanoplate
solution may be coated on the substrate through a droplet
coating process using the metal nanoplate solution, for
example, a spray process. In particular, when coating is
carried out through a spray process, the process is simple
and may be used in various solvent conditions and the like.
[0076] In one embodiment, the coating step may be coat-
ing the metal nanoplate with a loading amount of at least 0.2
mg/cm? on the substrate. For example, it may be coated with
aloading amount of at least 0.3 mg/cm?, at least 0.4 mg/cm?,
at least 0.5 mg/cm?, at least 0.6 mg/cm?, at least 0.7 mg/cm?,
at least 0.8 mg/cm?, at least 0.9 mg/cm?, at least 1.0 mg/cm?,
at least 1.4 mg/cm?, at least 1.8 mg/cm?, at least 2.0 mg/cm?,
at least 3.0 mg/cm?, at least 4.0 mg/cm?, at least 5.0 mg/cm®
at least 6.0 mg/cm?, at least 7.0 mg/cm?, at least 8.0 mg/cm?,
at least 10 mg/cm?, at least 20 mg/cm?, at least 30 mg/cm?,
at least 40 mg/cm?, at least 50 mg/cm?, at least 60 mg/cm?,
at least 70 mg/cm®, at least 80 mg/cm?, or at least 90
mg/cm?®. For example, it may be coated with a loading
amount in the range of 0.2-100 mg/cm?, preferably in the
range of 0.2-8.0 mg/cm?>. When the loading amount of the
metal nanoplate is less than 0.2 mg/cm?, the porosity of the
plate-shaped laminated structure is low and it may not have
sufficient electromagnetic wave shielding characteristics and
heat dissipation characteristics. When the loading amount of
the metal nanoplate is more than 100 mg/cm?, the increase
in the electromagnetic wave shielding effect may be inad-
equate compared to the loading amount.

[0077] In one embodiment, as the loading amount of the
metal nanoplate increases, the metal nanoplate may be piled
up in zigzags to form a plate-shaped laminated structure, and
as the loading amount of the metal nanoplate increases, the
pore ratio of the laminated structure may increase. In addi-
tion, as the plate-shaped laminated structure is formed, the
surface of the electromagnetic wave shielding layer may be
roughened and the surface gloss may be reduced accord-
ingly.

[0078] In one embodiment, the substrate may be applied
without limitation as long as it is a substrate made of a
polymer material. In an exemplary embodiment, the sub-
strate may comprise at least one selected from the group
consisting of polyurethane, polyethylene, epoxy resin, poly-
styrene, polypropylene, polyimide, and polymethylmeth-
acrylate.

[0079] In one embodiment, the substrate may have a
thickness of 10 to 200 pum.

[0080] In an exemplary embodiment, the coating process
may be performed under a condition of a room temperature
and atmospheric pressure, with the substrate being applied
to a temperature in the range of 50 to 80° C. For example,
the coating process may be performed under a condition of
a temperature of 15 to 25° C. and a pressure of about 1 atm.
[0081] In an exemplary embodiment, the metal nanoplate
solution may be coated on the substrate by spraying 2 to 10
times with 1 ml of the metal nanoplate solution during the
coating process. In case of less than 2 times, the shielding
efficiency may drop sharply due to the thin thickness and
empty space. If it is performed more than 10 times, the
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electromagnetic wave shielding efficiency of the electro-
magnetic wave shielding layer does not increase in propor-
tion to the thickness of the electromagnetic wave shielding
layer, which is not preferable when it is judged based on
economic aspects or the like.

[0082] Thereafter, a heat treatment process or a reduction
process is performed on the substrate coated with the metal
nanoplate solution to manufacture an electromagnetic wave
shielding layer. The metal nanoplate may be annealed and
the solvent may be evaporated through the heat treatment
process or the reduction process.

[0083] In an exemplary embodiment, a heat treatment
process may be performed on a substrate coated with a metal
nanoplate solution to manufacture an electromagnetic wave
shielding layer, wherein the heat treatment process may be
performed at a temperature ranging from 100° C. to 250° C.
If the temperature is lower than 100° C., the metal nanoplate
is hard to be annealed. If the temperature is higher than 250°
C., the metal nanoplate may be damaged, thereby lowering
the shielding efficiency of the electromagnetic wave shield-
ing layer.

[0084] In an exemplary embodiment, the heat treatment
process may be performed for 30 minutes to 1 hour.
[0085] In one embodiment, the annealing process may be
performed by introducing a substrate coated with the metal
nanoparticle solution into a furnace, and then heating the
furnace to a specific temperature range. In this case, the
shielding efficiency of the electromagnetic wave shielding
film can be further increased.

[0086] Meanwhile, an electromagnetic wave shielding
layer may be manufactured by performing a reduction
process on a substrate coated with the metal nanoplate
solution. In this case, a chemical reduction process or an
optical reduction process may be performed as a reduction
process. When a chemical reduction process is performed, a
reducing agent such as hydrazine or NaBH4 may be used,
and the optical reduction process may be performed through
UV, halogen lamp, laser irradiation, or the like.

[0087] In the exemplary embodiment, the thickness of the
electromagnetic wave shielding layer is preferably as thick
as possible, but when the thickness range of the electromag-
netic wave shielding layer exceeds a certain range, the
electromagnetic wave shielding efficiency is not increased in
direct proportion to the thickness of the electromagnetic
wave shielding layer. So, it is preferable to have a thickness
in the range of 50 nm to 500 pm. If it is more than 500 pm,
it may be difficult to expect an increase in the electromag-
netic wave shielding efficiency according to the increase in
the thickness of the electromagnetic wave shielding layer. If
the thickness is less than 50 nm, there could be a problem
that the shielding efficiency may be lowered due to the thin
thickness.

[0088] Subsequently, a surface protective layer is formed
on the electromagnetic wave shielding layer to manufacture
an electromagnetic wave shielding film. Specifically, an
electromagnetic wave shielding film may be manufactured
by coating a surface protective layer on the electromagnetic
wave shielding layer through a spin coating process, a
casting process, or the like.

[0089] In an exemplary embodiment, the surface protec-
tive layer may be used without limitation as long as it is a
polymer material that does not cause metal corrosion. For
example, a conductive polymer or a semiconducting poly-
mer may be included. In an exemplary embodiment, the
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surface protective layer may include at least one selected
from the polymer of the group consisting of epoxy resin,
polyurethane, polyethylene, polystyrene, and polypropyl-
ene. The surface protective layer can improve the durability
of the plate-shaped laminated structure formed.

[0090] In one embodiment, the surface protective layer
may be manufactured to include SU-8, which is an epoxy
resin.

[0091] In an exemplary embodiment, the surface protec-
tive layer may have a thickness in the range of 2 to 40 um.
If it exceeds 40 pm, the electromagnetic wave shielding
efficiency may be lowered, and if it is less than 2 um, it may
be difficult to expect the surface protection effect of the
electromagnetic wave shielding layer.

[0092] Meanwhile, an additional heat treatment process
may be performed for curing after forming the surface
protective layer. Specifically, a heat irradiation process and
an ultraviolet irradiation process may be repeatedly per-
formed to perform an additional heat treatment process.
[0093] Accordingly, an electromagnetic wave shielding
film comprising the substrate, the electromagnetic wave
shielding layer, and the surface protective layer sequentially
laminated through the above-described manufacturing
method may be manufactured.

[0094] According to another embodiment of the present
invention, there is provided a method of manufacturing an
electromagnetic wave shielding film for manufacturing an
electromagnetic wave shielding film through a composite
forming process comprising a metal nanoplate. According to
the manufacturing method, an electromagnetic wave shield-
ing film comprising an electromagnetic wave shielding layer
may be manufactured.

[0095] FIG. 2 is a flowchart schematically showing a
manufacturing step of the method of manufacturing the
electromagnetic wave shielding film. Hereinafter, the manu-
facturing method will be described in detail with reference
to FIG. 2.

[0096] First, a heat treatment process is performed on the
metal nanoplate. The metal nanoplate may be annealed
through the heat treatment process.

[0097] In an exemplary embodiment, the heat treatment
process may be performed at a temperature of from 100 to
250° C. in a furnace for 30 minutes to 2 hours. The metal
nanoplate may be annealed only under a temperature con-
dition of exceeding 100° C. If the temperature exceeds 250°
C., the metal nanoplate may be damaged, and thus there
could be a problem that the shielding efficiency may be
lowered.

[0098] In one embodiment, the metal nanoplate may be
placed in a furnace during the heat treatment process and
then heated in the furnace at a temperature in the range of
150 to 250° C.

[0099] Thereafter, a metal nanoplate solution containing
the heat-treated metal nanoplate, polymer resin, and solvent
is prepared.

[0100] In the exemplary embodiment, a metal material
having a two-dimensional plate-shaped structure may be
used as the metal nanoplate. For example, a metal nanoplate
containing a noble metal material such as copper, silver,
platinum, gold, or a transition metal may be used.

[0101] In an exemplary embodiment, the polymer resin
may include at least one selected from the group consisting
of polyurethane, polyethylene, epoxy resin, polystyrene,
polypropylene, polyimide, and polymethylmethacrylate.
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[0102] In one embodiment, the polymer resin may be a
polystyrene.
[0103] Meanwhile, the solvent may comprise at least one

selected from the organic solvent group consisting of etha-
nol (C,H,O), methanol (CH;OH), methylene chloride
(C,H,Cl,), tetrahydrotfuran (C,HgO), hexane (C;H, ), chlo-
roform (CHCL,), isopropanol (C;HgO), and the like.
[0104] In an exemplary embodiment, the metal nanoplate
solution may include from 0.1 to 80 parts by weight of the
polymer resin with respect to 100 parts by weight of the
solvent. When the polymer resin is contained in an amount
of'less than 0.1 part by weight, the formation of a composite
to be described later may be difficult. When the polymer
resin is contained in an amount exceeding 80 parts by
weight, the shielding efficiency of the electromagnetic wave
shielding layer may be lowered.

[0105] Meanwhile, the metal nanoplate solution may
include 0.01 to 80 parts by weight of the metal nanoplate
with respect to 100 parts by weight of the solvent. When the
metal nanoplate is contained in an amount of less than 0.01
part by weight, the shielding efficiency of the electromag-
netic wave shielding film may be lowered. If the metal
nanoplate is contained in an amount exceeding 80 parts by
weight, it may be difficult to expect an increase in efficiency
of the electromagnetic wave shielding efficiency according
to the introduction of the metal nanoplate.

[0106] Thereafter, the metal nanoplate solution is soni-
cated to produce a preliminary polymer resin-metal nano-
plate composite.

[0107] In an exemplary embodiment, the sonic wave pro-
cess may be performed for 10 to 30 minutes. Accordingly, a
preliminary metal nanoplate composite in which a polymer
resin and a metal nanoplate are bonded to each other may be
prepared.

[0108] In an exemplary embodiment, the preliminary
polymer-resin metal nanoplate composite may be prepared
in the form of a film and may have a thickness in the range
01’40 to 550 um. If the thickness of the preliminary polymer-
resin metal nanoplate composite is less than 40 pum, it is
difficult to expect the improvement of the electromagnetic
wave shielding efficiency. If the thickness exceeds 550 um,
it is difficult to expect an increase in the efficiency of the
electromagnetic wave shielding efficiency.

[0109] Thereafter, the preliminary polymer-resin metal
nanoplate composite is dried to prepare a polymer resin-
metal nanoplate composite.

[0110] First, the drying process may comprise a first
drying process (room temperature evaporation process) for
evaporating a solvent, and the like of a metal nanoplate
solution of a solution containing a polymer resin-metal
nanoplate composite, and a second drying process (vacuum
drying process) for more completely evaporating the sol-
vent.

[0111] At this time, the first drying process may be per-
formed for 1 to 20 hours under a temperature condition of 15
to 30° C. as a process of volatilizing the solvent.

[0112] Meanwhile, the second drying process is a process
for more completely evaporating the solvent, and may be
performed for a time ranging from 1 to 20 under a tempera-
ture condition of 40° C. to 60° C.

[0113] Thereafter, a surface protective layer may be fur-
ther formed on the electromagnetic wave shielding layer.
Specifically, the surface protective layer may be coated on
the electromagnetic wave shielding layer through a spin
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coating process, a casting process, and the like to manufac-
ture an electromagnetic wave shielding film.

[0114] In an exemplary embodiment, the surface protec-
tive layer may include at least one selected from a polymer
of the group consisting of epoxy resin, polyurethane, poly-
ethylene, polystyrene and polypropylene.

[0115] Meanwhile, an additional heat treatment process
may be performed for curing after forming the surface
protective layer. Specifically, a heat irradiation process and
an ultraviolet irradiation process may be repeatedly per-
formed to perform an additional heat treatment process.

[0116] According to the method of the present invention,
an electromagnetic wave shielding film is manufactured
through a solution process using a metal nanoplate, so an
electromagnetic wave shielding film may be manufactured
through a simple process. In addition, in the method of
manufacturing an electromagnetic wave shielding film of the
present invention, a metal nanoplate is used. Since the metal
nanoplate may be dispersed in various kinds of solvents and
polymers, the process efficiency can be increased.

[0117]

[0118] In one embodiment of the present invention, there
is provided an electromagnetic wave shielding film com-
prising: a substrate; and an electromagnetic wave shielding
layer coated on the substrate, wherein the electromagnetic
wave shielding layer comprises a plate-shaped laminated
structure in which a plurality of metal nanoplates are
stacked.

[0119] In addition, in one embodiment of the present
invention, there is provided an electromagnetic wave shield-
ing film comprising an electromagnetic wave shielding layer
comprising a polymer resin-metal nanoplate composite,
wherein the polymer resin-metal nanoplate composite com-
prises the polymer resin matrix and the metal nanoplate
dispersed in the polymer resin matrix.

[0120] In one embodiment, the metal of the metal nano-
plate may be a polycrystalline or single crystal metal. On the
one hand, in the case of a single crystal metal, it may have
a face-centered cubic structure (FCC). Accordingly, the
metal nanoplate may be a single crystal metal nanoplate or
a polycrystalline metal nanoplate. For example, the
polycrystalline metal nano-plate may be a two-dimensional
metal plate-shaped material having a large difference in
thickness and edge length.

[0121] In one embodiment, the plate-shaped plane of the
metal nanoplate plate may have a (111) crystal plane. The
adoption of such a metal nanomaterial having a (111) crystal
plane in the shielding film corresponds to a configuration
which is not used in the conventional electromagnetic wave
shielding film.

[0122] FIG. 16A shows the result of backscattering elec-
tron diffraction analysis of the copper nanoplate, wherein the
entire copper nanoplate is shown in blue. From this, it was
confirmed that the copper nanoplate used in one embodi-
ment of the present invention has a single crystal of (111)
plane. In FIG. 16B, it was confirmed that all of the plurality
of copper nanoplates have single crystals of (111) planes.

[0123] In one embodiment, the metal may include copper,
silver, platinum, gold, or a transition metal.

[0124] The electromagnetic wave shielding layer may
comprise a plate-shaped laminated structure in which a
plurality of metal nanoplates are stacked, and through this
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structure, unique electromagnetic wave shielding character-
istics and/or heat dissipation characteristics may be exhib-
ited.

[0125] FIG. 18 is an SEM photograph showing the cov-
erage of a metal nanoplate stacked in the electromagnetic
wave shielding film according to the present invention.
Referring to FIG. 18, it was confirmed that the plate-shaped
metal nanoplates are arranged in a plane. In addition, the
space between the metal nanoplates may be formed as pores
in the plate-shaped laminated structure.

[0126] In one embodiment, the plate-shaped laminated
structure may comprise pores, and the pores may be formed
by stacking one or more metal nanoparticles staggered with
one another. Such pores correspond to structures that cannot
be obtained by adopting other types of nanomaterials such as
nanowires, nanoparticles, and the like. Specifically, the
metal nanoplate may be in surface contact with other metal
nanoplates in the periphery, and thus may have different
electric conduction characteristics from nanowires or nan-
oparticles that are in line contact or point contact. Accord-
ingly, the plate-shaped laminated structure according to the
embodiment of the present invention can have excellent
electric conductivity.

[0127] FIG. 19A illustrates a plate-shaped laminated struc-
ture in which metal nanoplates arranged in a plate shape of
FIG. 18 are stacked, and a structure in which a plurality of
metal nanoplates are entangled and stacked was confirmed.
The plate-shaped laminated structure thus formed was con-
firmed in more detail in the cross-sectional view of FIG.
19B. Referring to FIG. 19B, it was confirmed that the metal
nanoplates are staggered and stacked with one another to
form a plurality of pores. The plate-shaped laminated struc-
ture thus formed contains a large amount of pores, which
allows multiple reflection of electromagnetic waves to be
effectively generated, thereby maximizing the electromag-
netic wave shielding performance. Accordingly, the plate-
shaped laminated structure according to the embodiment of
the present invention can have an excellent electromagnetic
wave shielding effect due to the unique structure when the
same amount of metal nanoplate loading amount is pro-
vided.

[0128] In one embodiment, the electromagnetic wave
shielding layer comprises a plurality of domains having a
plate-shaped laminated structure, and the domains of adja-
cent plate-shaped laminated structures may be oriented not
parallel to each other to form a pore between the domains of
the plate-shaped laminated structure.

[0129] In one embodiment, the electromagnetic wave
shielding layer comprises a plurality of plate-shaped lami-
nated structures, and may form a pore between adjacent
plate-shaped laminated structures.

[0130] Meanwhile, as the loading amount of the metal
nanoplate increases, the metal nanoplate may be piled up in
zigzags to form a plate-shaped laminated structure, and as
the loading amount of the metal nanoplate increases, the
porosity of the laminated structure may increase.

[0131] For example, the pore may vary depending on the
contact structure between a plurality of domains having a
plate-shaped laminated structure, and may vary depending
on, for example, the loading amount of the loaded metal
nanoplate. For example, the orientation angle between the
domains of the plate-shaped laminated structure may vary
depending on the loading amount of the metal nanoplate.
The greater the angle, the larger the pore to be formed.
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Accordingly, multiple reflections of electromagnetic waves
can be effectively generated and the electromagnetic wave
shielding performance can be maximized.

[0132] In one embodiment, the plate-shaped laminated
structure may have a porosity of at least 20%, for example,
at least 30% porosity, at least 40% porosity, at least 50%
porosity, or at least 60% porosity. When the porosity of the
plate-shaped laminated structure is 20% or more, multiple
reflection of electromagnetic waves can be effectively gen-
erated and excellent electromagnetic wave shielding perfor-
mance can be obtained.

[0133] In one embodiment, the metal nanoplate may be
stacked with a loading amount of 0.2-100 mg/cm?. For
example, it may be stacked with a loading amount of at least
0.3 mg/cm?, at least 0.4 mg/cm?, at least 0.5 mg/cm?, at least
0.6 mg/cm?, at least 0.7 mg/cm?, at least 0.8 mg/cm?, at least
0.9 mg/cm?, at least 1.0 mg/cm?, at least 1.4 mg/cm?, at least
1.8 mg/cm?, at least 2.0 mg/cm?, at least 3.0 mg/cm?, at least
4.0 mg/cm?, at least 5.0 mg/cm?, at least 6.0 mg/cm?, at least
7.0 mg/cm?, at least 8.0 mg/cm?, at least 10 mg/cm?, at least
20 mg/cm?, at least 30 mg/cm?, at least 40 mg/cm?>, at least
50 mg/cm?, at least 60 mg/cm?, at least 70 mg/cm?, at least
80 mg/cm?, or at least 90 mg/cm?. For example, it may be
stacked with a loading amount in the range of 0.2-8.0
mg/cm?. When the loading amount of the metal nanoplate is
less than 0.2 mg/cm? the porosity of the plate-shaped
laminated structure is low and it may not have sufficient
electromagnetic wave shielding characteristics and heat dis-
sipation characteristics. When the loading amount of the
metal nanoplate is more than 100 mg/cm?, the increase in the
electromagnetic wave shielding effect may be inadequate
compared to the loading amount.

[0134] FIG. 17 illustrates a surface optical photograph of
the manufactured electromagnetic wave shielding film when
the loading amount of the metal nanoplate varies. It was
confirmed that as the loading amount of the metal nanoplate
increases, the surface roughness of the electromagnetic
wave shielding film increases and the surface gloss
decreases. In addition, as the loading amount of the metal
nanoplate increases, the pore ratio of the laminated structure
may increase.

[0135] In one embodiment, the plate-shaped laminated
structure may vary depending on the loading amount of the
laminated metal nanoplate. For example, the porosity of the
plate-shaped laminated structure may be varied. Specifi-
cally, referring to FIGS. 20A to 20G, when the loading
amount of the metal nanoplate is 0.08 mg/cm?® (FIG. 20A),
it was confirmed that the metal nanoplate is stacked in the
form of a plate but almost no pore is formed. This charac-
teristic is not significantly different even when the loading
amount of the metal nanoplate is 0.16 mg/cm® (FIG. 20B).
The pore starts to be formed as the loading amount of the
metal nanoplate goes to 0.2 mg/cm® or more, and it was
confirmed that a large amount of pores are formed in the
plate-shaped laminated structure as the loading amounts are
increased to 0.24 mg/cm? (FIG. 20C), 0.3 mg/cm® (FIG.
20D), 0.9 mg/cm?® (FIG. 20E), 1.8 mg/cm? (FIG. 20F), and
7.2 mg/cm? (FIG. 20G), respectively. In particular, when the
loading amount is 7.2 mg/cm? (FIG. 20G), it was confirmed
that the plate-shaped laminated structure has a domain of
one or more plate-shaped laminated structures, and that the
domain of the adjacent plate-shaped laminated structure is
different from the domain in terms of direction where the
metal nanoplate is arranged. Due to this, large pores may be
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formed between the domains of the plate-shaped laminated
structure, and this structure can exhibit unique electromag-
netic wave shielding characteristics and/or heat dissipation
characteristics. Such a plate-shaped laminated structure was
also confirmed through an X-ray image (FIG. 21).

[0136] In one embodiment, the metal nanoplate may be
stacked with a coverage of 50% or more, such as 60% or
more, 70% or more, 80% or more, 90% or more, 95% or
more. In order to secure the conductivity of the electromag-
netic wave shielding film, a coverage exceeding a certain
level is required, and excellent conductivity can be obtained
at a coverage of 50% or more.

[0137] In one embodiment, the electromagnetic wave
shielding layer may have a thickness in the range of 50 nm
to 500 um, and may have a thickness in the range of, for
example, 2-50 um. If it exceeds 500 um, it may be difficult
to expect an increase in the electromagnetic wave shielding
efficiency according to the increase in the thickness of the
electromagnetic wave shielding layer. If it is less than 50 nm,
there could be a problem that the shielding efficiency may be
lowered due to the thin thickness.

[0138] In one embodiment, the substrate may be applied
without limitation as long as it is a substrate made of a
polymer material. In an exemplary embodiment, the sub-
strate may include one or more selected from the group
consisting of polyurethane, polyethylene, epoxy resin, poly-
styrene, polypropylene, polyimide, and polymethylmeth-
acrylate.

[0139] In an exemplary embodiment, the surface protec-
tive layer may be used without limitation as long as it is a
polymer material that does not cause metal corrosion. For
example, a conductive polymer or a semiconducting poly-
mer may be included. In an exemplary embodiment, the
surface protective layer may include at least one selected
from the polymer of the group consisting of epoxy resin,
polyurethane, polyethylene, polystyrene, and polypropyl-
ene. The surface protective layer can improve the durability
of the plate-shaped laminated structure formed.

[0140] In one embodiment, the electromagnetic wave
shielding layer may further include metal nanoparticles or
metal nanowires. When the metal nanoparticles or the metal
nanowires are further included, in addition to the surface
contact between the metal nanoparticles and other peripheral
metal nanoparticles, line or point contact between the metal
nanoparticles or the metal nanowires may be additionally
applied. Accordingly, it is possible to obtain excellent elec-
trical conductivity.

[0141] In one embodiment, the electromagnetic wave
shielding film may have a heat dissipation characteristic.

[0142] Meanwhile, the metal nanoplate included in the
electromagnetic wave shielding film of the present invention
exhibits the same or superior electromagnetic wave shield-
ing effect as compared with the conventional metallic mate-
rial. The electromagnetic wave shielding film manufactured
using the same has superior electromagnetic wave shielding
efficiency in the range of 25 to 55 dB.

[0143] In addition, the electromagnetic wave shielding
film may have a thin thickness and light weight as compared
with the conventional electromagnetic wave shielding film.
For example, it may have a weight in the range of 10 to 50
mg based on an area of 2 cm? and a thickness in the range
of'4 to 550 um. Accordingly, it can be used in various fields
such as electronic products such as mobile electronic
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devices, which are required to be miniaturized gradually,
and large electronic products.

[0144] Nano Electrode

[0145] In one embodiment, there is provided a nano elec-
trode including an electromagnetic wave shielding film
according to an embodiment of the present invention. In
particular, the metal nanoplate has a high aspect ratio and
can have excellent electric conductivity in the plane direc-
tion. In addition, the plate-shaped laminated structure of the
electromagnetic wave shielding film may have the structure
in which a metal nanoplate is in surface contact with other
metal nanoplate in the periphery. This makes it possible to
differentiate electric conduction characteristics from nanow-
ires or nanoparticles that are in line or point contact. This
was confirmed from ‘2D Single-Crystalline Copper Nano-
plates as a Conductive Filler for Electronic Ink Applications,
Small 2018, 14, 1703312.”

[0146] Accordingly, due to the plate-shaped laminated
structure according to the embodiment of the present inven-
tion, the nano electrode can have excellent electric conduc-
tivity and allowable current value.

[0147] In one embodiment, the nano electrode is a pat-
terned electrode, and the patterning may be formed by
coating a metal nanoplate on a substrate. For example, the
metal nanoplate solution may be coated on a substrate
through a coating process to form a patterned electrode.
Particularly, when coating is carried out through a spray
process, there are advantages in that the process is simple
and can be used in various solvent conditions.

[0148] In one embodiment, the nano electrode may be
patterned by coating the metal nanoplate solution as a
conductive ink, and the conductive ink may have excellent
solution processability.

[0149] The nano electrode may comprise a configuration
substantially overlapping with the above-described electro-
magnetic wave shielding film, and a detailed description
thereof will be omitted.

[0150] In one embodiment, the nano electrode comprises
an electromagnetic wave shielding layer, and the electro-
magnetic wave shielding layer may comprise a plate-shaped
laminated structure in which a plurality of metal nanoplates
are stacked.

[0151] In one embodiment, the plate-shaped laminated
structure comprises pores, and the pores may be formed by
stacking one or more metal nanoparticles staggered with
each other. In addition, the electromagnetic wave shielding
layer comprises a plurality of plate-shaped laminated struc-
tures, and may form pores between adjacent plate-shaped
laminated structures.

[0152] Such pores correspond to structures that cannot be
obtained by adopting other types of nanomaterials such as
nanowires, nanoparticles, and the like. Specifically, the
metal nanoplate may be in surface contact with other metal
nanoplates in the periphery, and thus may have different
electric conduction characteristics from nanowires or nan-
oparticles that are in line contact or point contact. Accord-
ingly, the plate-shaped laminated structure according to the
embodiment of the present invention can have excellent
electrical conductivity.

[0153] Particularly, when a plate-shaped laminated struc-
ture is included, it can have a superior electrical conductivity
than a pure metal electrode with the same density. Specifi-
cally, the pure copper electrode has a density of about 8.96
g/cm®; but the shielding film according to the present
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invention having a density of about '3 of that of a pure
copper electrode can have a far superior electrical conduc-
tivity at the same loading amount. Among the nanomaterials
capable of forming such a laminated structure, they can have
the best electrical conductivity values, and in particular, they
can have a superior electrical conductivity than Mxene,
which is a nanomaterial having the conventional laminated
structure.

[0154] In one embodiment, the metal nanoplate may be
stacked with a loading amount of 0.2-100 mg/cm?. For
example, it may be stacked with a loading amount of at least
0.3 mg/cm?, at least 0.4 mg/cm?, at least 0.5 mg/cm?, at least
0.6 mg/cm?, at least 0.7 mg/cm?, at least 0.8 mg/cm?, at least
0.9 mg/cm?, at least 1.0 mg/cm?, at least 1.4 mg/cm?, at least
1.8 mg/cm?, at least 2.0 mg/cm?, at least 3.0 mg/cm?, at least
4.0 mg/cm?, at least 5.0 mg/cm?, at least 6.0 mg/cm?, at least
7.0 mg/cm?, at least 8.0 mg/cm?, at least 10 mg/cm?, at least
20 mg/cm?, at least 30 mg/cm?, at least 40 mg/cm?, at least
50 mg/cm?, at least 60 mg/cm?, at least 70 mg/cm?, at least
80 mg/cm?, or at least 90 mg/cm?. For example, it may be
stacked with a loading amount in the range of 0.2-8.0
mg/cm?®. When the loading amount of the metal nanoplate is
less than 0.2 mg/cm®, the porosity of the plate-shaped
laminated structure is low, so it may not have sufficient
electric conduction characteristics with respect to the density
of'the nano electrode. When the loading amount of the metal
nanoplate is more than 100 mg/cm®, the increase in the
electrical conductivity may be inadequate with respect to the
loading amount.

[0155] In one embodiment, the metal nanoplate may be
stacked with a coverage of 50% or more, such as 60% or
more, 70% or more, 80% or more, 90% or more, 95% or
more. In order to secure the conductivity of the nano
electrode, a coverage exceeding a certain level is required,
and excellent conductivity can be obtained at a coverage of
50% or more.

[0156] Hereinafter, the present invention will be described
in more detail with reference to the examples. It is to be
understood by those having ordinary skill in the pertinent
field, however, that these examples are for illustrative pur-
poses only, and the scope of the present invention is not
limited to these examples.
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EXAMPLES

Comparative Example 1

[0157] A mixed solution of 60 ml of chloroform in which
0.2 g of copper nanoplate (FIG. 3A to FIG. 4) was dispersed
was prepared, and a polyimide film having a thickness of
100 um was cut into a size of 2 cmx2 cm. Thereafter, the
polyimide film was placed on a hot plate at 60° C., and a
mixed solution in which the copper nanoplate was dispersed
was spray-coated on the upper surface of the polyimide film
10 times in total by spraying 1 ml for each time to manu-
facture an electromagnetic wave shielding layer. Thereafter,
the surface protective layer (SU-8) was coated on the
electromagnetic wave shielding layer under the condition of
500 rpm/5 s-2000 rpm/30 s, followed by heat treatment for
3 minutes and 30 seconds on a 95° C. hot plate, UV
treatment for 3 minutes, and heat treatment for 4 minutes
and 30 seconds on a 95° C. hot plate to manufacture an
electromagnetic wave shielding film including an electro-
magnetic wave shielding layer.
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Example 1

[0158] A mixed solution of 60 ml of chloroform in which
0.2 g of copper nanoplate (FIG. 3A to FIG. 4) was dispersed
was prepared, and a polyimide film having a thickness of
100 um was cut into a size of 2 cmx2 cm. Thereafter, the
polyimide film was placed on a hot plate at 60° C., and a
mixed solution in which the copper nanoplate was dispersed
was spray-coated on the upper surface of the polyimide film
10 times in total by spraying 1 ml for each time. And then
it was subjected to a heat treatment for one hour in a furnace
at 250° C. in which argon/hydrogen flowed at a ratio of 95:5
to manufacture an electromagnetic wave shielding layer.
Thereafter, the surface protective layer (SU-8) was coated
on the electromagnetic wave shielding layer under the
condition of 500 rpm/5 s-2000 rpm/30 s, followed by heat
treatment for 3 minutes and 30 seconds on a 95° C. hot plate,
UV treatment for 3 minutes, and heat treatment for 4 minutes
and 30 seconds on a 95° C. hot plate to manufacture an
electromagnetic wave shielding film including an electro-
magnetic wave shielding layer.

Example 2-5

[0159] The same process as in Example 1 was carried out
except that the copper nanoplate spray coating process was
carried out 2 times, 4 times, 6 times, and 8 times with 1 ml
per each time to manufacture the electromagnetic wave
shielding film according to Examples 2 to 5 (Example 2: 2
times, Example 3: 4 times, Example 4: 6 times, Example 5:
8 times).

Example 6

[0160] The same process as in Example 3 was carried out
except that a heat treatment was performed for one hour in
a 200° C. furnace in which argon and hydrogen flowed at a
ratio of 95:5 between the copper nanoplate spray coating and
the SU-8 coating process to manufacture the electromag-
netic wave shielding film.

Example 7

[0161] The same process as in Example 5 was carried out
except that a heat treatment was performed for one hour in
a 200° C. furnace in which argon and hydrogen flowed at a
ratio of 95:5 between the copper nanoplate spray coating and
the SU-8 coating process to manufacture the electromag-
netic wave shielding film.

Example 8-11

[0162] The same process as in Example 1 was carried out
except that a 10.6 um-75 W laser of the UNIVERSAL
LASEL SYSTEMS XLS10MWH was used to perform an
optical reduction process by a laser treatment at 7.5 W, 15 W,
22.5 W, respectively, and 30 W power and a rate of 0.025
m/s, instead of the heat treatment process in the furnace
between the copper nanoplate spray coating and SU-8
coating process, to manufacture the electromagnetic wave
shielding film (Example 8: 7.5 W, Example 9: 15 W,
Example 10: 22.5 and Example 11: 30 W).

Example 12

[0163] The copper nanoplate was annealed through a heat
treatment for one hour in a 200° C. furnace in which argon
and hydrogen flowed at a ratio of 95:5. Thereafter, 0.1 g of
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the heat-treated copper nanoplate and 0.456 g of polystyrene
were put into 45 ml of chloroform, followed by sonication
for 15 minutes and mixing. The mixture was poured into a
chalet having a diameter of 9 cm and evaporated at a room
temperature for 12 hours to prepare a polystyrene-copper
nanoplate composite. Subsequently, after 12 hours, it was
vacuum-dried in a vacuum oven at 50° C. for 1 hour to
manufacture a copper nanoplate shielding film containing a
polystyrene-copper nanoplate composite.

Example 13

[0164] The same process as in Example 12 was carried out
except that a heat treatment process was performed in a 250°
C. furnace instead of a 200° C. furnace in the heat treatment
to manufacture a copper nanoplate shielding film.

Examples 14 to 20

[0165] The same process as in Example 1 was carried out
except that in a copper nanoplate spray coating process, the
loading amount per area of copper nanoplate was 0.08
mg/cm? (Example 14), 0.16 mg/cm? (Example 15), 0.24
mg/cm?® (Example 16), 0.3 mg/cm® (Example 17), 0.9
mg/cm? (Example 18), 1.8 mg/cm? (Example 19), and 7.2
mg/cm?® (Example 20), respectively, to manufacture the
electromagnetic wave shielding film according to Examples
14 to 20.

Experimental Example 1: Determination of Surface
Characteristics

[0166] Inorderto analyze the surface characteristics of the
electromagnetic wave shielding film manufactured accord-
ing to Example 1, the surface was analyzed with an optical
microscope and is shown in FIGS. 5A to 7B. FIGS. 5A and
5B are optical micrographs of the electromagnetic wave
shielding film manufactured according to Example 1, and
FIG. 6 is an SEM photograph thereof. FIGS. 7A and 7B are
photographs of cross sections of the electromagnetic wave
shielding film manufactured according to Example 1. Refer-
ring to FIGS. 5A to 7B, it was confirmed that the copper
nanoplate was uniformly dispersed in the electromagnetic
wave shielding film.

[0167] In addition, in order to analyze the surface char-
acteristics of the electromagnetic wave shielding film manu-
factured according to Example 12, the surface was analyzed
by an optical microscope and is shown in FIGS. 8A to 9.
FIGS. 8A and 8B are optical micrographs of the electro-
magnetic wave shielding film manufactured according to
Example 12, and FIG. 9 is an SEM photograph thereof.
Referring to FIGS. 8 A t0 9, it was confirmed that even in the
case of the electromagnetic wave shielding film manufac-
tured by forming the composite of the polystyrene-copper
nanoplate, the copper nanoplate was uniformly dispersed.

Experimental Example 2

[0168] 1) In order to calculate the electromagnetic wave
shielding efficiency of the copper nanoplate shielding film
manufactured according to Comparative Example 1 and
Example 1, power values (P1 and P2) according to presence
or absence of an electromagnetic wave shielding film were
measured using em-2108 manufactured by Electro-metrics.
After the measurement, the electromagnetic wave shielding
efficiency was calculated by the following equation (1).
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SE(Shielding Effect)=10 log P1/P2

[0169] (P1 in the equation (1) above represents the power
value when the electromagnetic wave shielding film is
present, and P2 represents the power value when the elec-
tromagnetic wave shielding film is not present) The results
are shown in FIGS. 10 and 11, respectively (FIG. 10:
Comparative Example 1 (CuNPLs), FIG. 11: Example 1
(A-CuNPLs)).

[0170] Referring to FIGS. 10 and 11, it was confirmed that
the electromagnetic wave shielding efficiency was remark-
ably increased in the case of performing the heat treatment
process (Example 1) after coating the solution containing the
copper nanoplate.

[0171] 2) The electromagnetic wave shielding efficiency
of the copper nanoplate shielding film manufactured accord-
ing to Examples 2 to 5 was measured and calculated in the
same manner as above, and the results are shown in FIG. 12.
[0172] Referring to FIG. 12, it was confirmed that the
shielding efficiency is changed according to the number of
sprayings, and that the electromagnetic wave shielding effi-
ciency is increased as the number of spraying increases. In
addition, it was confirmed that the electromagnetic wave
shielding efficiency remarkably increases when the number
of spraying exceeds 2 times.

[0173] 3) The electromagnetic wave shielding efficiency
of the copper nanoplate shielding film manufactured accord-
ing to Examples 3, 5, 6 and 7 was measured by the same
method as Experimental Example 2-1, and the result is
shown in FIG. 13 (Example 3: 250-4 cycle, Example 5:
250-8 cycle, Example 6: 200-4 cycle, Example 7: 200-8
cycle).

[0174] Referring to FIG. 13, it was confirmed that the
shielding efficiency was changed according to the heat
treatment temperature and the number of spraying, and it
was confirmed that the shielding efficiency was improved as
the heat treatment temperature was increased and the num-
ber of spraying was increased.

[Equation 1]

Experimental Example 3

[0175] The electromagnetic wave shielding efficiency of
the copper nanoplate shielding film manufactured according
to Examples 8 to 11 was measured and calculated in the
same manner as in Experimental Example 2, and the result
is shown in FIG. 14.

[0176] Referring to FIG. 14, it was confirmed that the
shielding efficiency was changed according to the laser
power, and it was confirmed that the electromagnetic wave
shielding efficiency was the best when the laser power was
7.5 W.

Experimental Example 4

[0177] The electromagnetic wave shielding efficiency of
the copper nanoplate shielding film manufactured according
to Examples 12 and 13 was measured in the same manner as
in Experimental Example 2, and the result is shown in FIG.
15 (Example 12: CuNPLs/PS200, Example 13: CuNPLs/
PS250).

[0178] Referring to FIG. 15, it was confirmed that the
shielding efficiency was changed according to the heat
treatment temperature, and it was confirmed that the shield-
ing efficiency was excellent when the heat treatment tem-
perature was 250° C.
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Experimental Example 5: Analysis of Electrical
Characteristics According to the Loading Amount
of a Metal Nanoplate

[0179] The electromagnetic wave shielding efficiency of
the copper nanoplate shielding film manufactured according
to Examples 14 to 20 were measured and calculated in the
same manner as in Experimental Example 2, and the results
are shown in FIGS. 22 and 24.

[0180] Referring to FIG. 22, it was confirmed that the
resistance sharply decreased and the EMI shielding effec-
tiveness increased according to the weight of the copper
nanoplate loaded per unit area (cm?).

[0181] Referring to FIG. 24, it was confirmed that the
electromagnetic wave shielding efficiency of the copper
nanoplate shielding film manufactured according to
Examples 14 to 20 was maintained even in the change of the
frequency band.

[0182] In addition, the electrical conductivity of the cop-
per nanoplate shielding film manufactured according to
Examples 14 to 20 was measured, and the result is shown in
FIG. 23.

[0183] Referring to FIG. 23, it was confirmed that the
embodiments have a relatively lower value in conductivity
(copper: 5.96x10°S/cm) than in the case of a pure copper
film, and these values may be because the embodiments
have a plate-shaped laminated structure (the pure copper
film does not have a plate-shaped laminated structure, and
thus has a density of about 8.96 g/cm®, which is large).
Accordingly, it is expected that the shielding film according
to the present invention having a density of about /4 level as
compared with the pure copper film will have better electric
conductivity at the same loading amount.

[0184] Among the nanofiller materials capable of forming
such a laminated structure, it has the best electric conduc-
tivity value. In particular, since Mxene has an electric
conductivity of about 4600 S/cm, which is smaller than the
electric conductivity of the shielding film of the embodi-
ment, it was confirmed that the shielding film according to
the present invention has excellent shielding efficiency and
electric conductivity at the same time.

Experimental Example 6: EMI Shielding
Characteristic Analysis According to the Loading
Amount of a Metal Nanoplate

[0185] The electromagnetic wave shielding efficiency of
the copper nanoplate shielding film manufactured according
to Examples 14 to 20 was compared with the electromag-
netic wave shielding efficiency of a copper thermal-depos-
ited thin film loaded with the same amount of copper, and a
copper foil. Herein, a thin film deposited on a substrate using
a thermal evaporator was used for the copper thermal-
deposited thin film, and a copper foil manufactured by the
rolling method was used. After measurement and calculation
in the same manner as in Experimental Example 2, the
results are shown in FIGS. 25 and 26.

[0186] Referring to FIG. 25, it was confirmed that the
shielding film according to the embodiment of the present
invention exhibits remarkably excellent EMI SE character-
istics at the same metal loading amount. In particular, the
increase of the EMI SE characteristics according to the
loading amount is larger than that of the copper thermal-
deposited thin film, and it was confirmed that the EMI SE
characteristic is remarkably excellent starting from 1
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mg/cm? or more. It is expected to have a difference of 10 dB
or more at maximum. In addition, it was confirmed that a
significantly smaller amount of copper loading is required to
exhibit a similar level of EMI SE effect as compared to
copper foil.

[0187] With respect to such effects, the embodiment of the
present invention has structural features of the plate-shaped
laminated structure, which can make multiple reflections of
electromagnetic waves, and thus exhibits remarkably excel-
lent EMI SE characteristics in the same loading amount as
compared to a single thin film manufactured by the conven-
tional thermal deposition method.

Experimental Example 7: Analysis of Heat
Dissipation Characteristics

[0188] The same process as in Example 1 was carried out
except that glass fiber other than the polyimide substrate was
used to prepare a specimen (Example 21). The thermal
conductivity was measured using a Joule heating and a
thermal imaging camera of the specimen prepared by pre-
paring the specimen with copper thermally deposited on
glass fiber (Example 22).

[0189] Referring to FIG. 27, it was possible to confirm the
temperature distribution caused by Joule heating by flowing
current to each specimen.

[0190] Referring to FIG. 28, it was confirmed that there is
only a difference in smoothness of the temperature distri-
bution depending on the difference in surface roughness of
the coated glass fiber, but there is no significant difference
other than the above.

[0191] From these results, it was confirmed that Examples
21 and 22 have similar thermal conductivity, and accord-
ingly, it was confirmed that the shielding film of the present
invention has good heat dissipation characteristics.

[0192] The embodiments of the present invention
described above should not be construed as limiting the
technical idea of the present invention. The scope of pro-
tection of the present invention is limited only by the matters
described in the claims, and those skilled in the technical
field of the present invention will be able to modify the
technical idea of the present invention in various forms.
Accordingly, such improvements and modifications will fall
within the scope of protection of the present invention as
long as it is obvious to those skilled in the art.

What is claimed is:

1. A method of manufacturing an electromagnetic wave
shielding film comprising an electromagnetic wave shield-
ing layer, the method comprising the steps of:

preparing a metal nanoplate solution containing a solvent

in which a metal nanoplate is dispersed; and

coating the metal nanoplate solution on a substrate.

2. The method according to claim 1, wherein the metal
nanoplate solution comprises 0.01 to 80 parts by weight of
the metal nanoplate with respect to 100 parts by weight of
the solvent.

3. The method according to claim 1, further comprising
the step of:

performing a heat treatment process or a reduction pro-

cess on the substrate coated with the metal nanoplate
solution to manufacture an electromagnetic wave
shielding layer.
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4. The method according to claim 1, further comprising
the step of:

forming a surface protective layer on the electromagnetic

wave shielding layer.

5. The method according to claim 1, wherein the coating
step comprises coating the metal nanoplate on the substrate
with a loading amount of 0.2-100 mg/cm?.

6. The method according to claim 1, wherein the metal
nanoplate solution is coated 2 to 10 times, 1 ml each, during
the coating process.

7. The method according to claim 1,

wherein the metal nanoplate is annealed by performing a

heat treatment process on the substrate coated with the
metal nanoplate solution, and
wherein the heat treatment process is performed under a
temperature condition of 100 to 250° C.

8. The method according to claim 7,

wherein the metal nanoplate is annealed by performing a
reduction process on the substrate coated with the metal
nanoparticle solution, and

wherein the reduction process is a chemical reduction

process or an optical reduction process.

9. The method according to claim 1, wherein the electro-
magnetic wave shielding layer has a thickness in the range
of 50 nm to 500 pm.

10. A method of manufacturing an electromagnetic wave
shielding film comprising an electromagnetic wave shield-
ing layer, the method comprising the steps of:

performing a heat treatment process on the metal nano-

plate;

preparing a metal nanoplate solution comprising the heat-

treated metal nanoplate, the polymer resin, and the
solvent after the heat treatment process;

subjecting the metal nanoplate solution to sonic treatment

to produce a preliminary polymer resin-metal nano-
plate composite; and

drying the preliminary polymer-resin nanoplate compos-

ite to manufacture an electromagnetic wave shielding
layer comprising the polymer resin-metal nanoplate
composite.

11. The method according to claim 10, wherein 0.01 to 80
parts by weight of the polymer resin and 0.01 to 80 parts by
weight of a metal nanoplate with respect to 100 parts by
weight of the solvent are contained in the metal nanoplate
solution.

12. The method according to claim 10, wherein the metal
nanoplate is annealed through the heat treatment process,
and the heat treatment process is performed under a tem-
perature condition of 100 to 250° C.

13. The method according to claim 10, wherein the drying
process comprises:

a first drying process performed under a temperature

condition of 15 to 30° C.; and

a second drying process performed under a temperature

condition of 40 to 60° C.

14. The method according to claim 10, further comprising
the step of:

forming a surface protective layer on the electromagnetic

wave shielding layer after manufacturing the electro-
magnetic wave shielding layer.
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