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(54) [Title of the Invention] Fibrous carbon-based material insulator, resin composite containing the same, and
manufacturing method of fibrous carbon-based material insulator

(57) [Abstract]

[Problem] To provide a fibrous carbon-based material insulation having excellent dispersibility, with which it is
possible to improve the insulation of the resin composite material by blending it in the resin, and to maintain at least
the thermal conductivity of the resin composite material.

[Solution Means] A fibrous carbon-based material insulator provided with a fibrous carbon-based material, and an
insulating coating formed on the fibrous carbon-based material, wherein the insulating coating is provided with a
cationic polymer layer comprising a cationic polymer electrolyte formed on the fibrous carbonaceous material, and an
oxide layer comprising a metal oxide or silicon oxide formed on the cationic polymer layer.

[Selected Drawing] None
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[Claims]

[Claim 1]

A fibrous carbon-based material insulator provided with a fibrous carbon-based material, and an insulating coating
formed on the fibrous carbon-based material,

wherein the insulating coating is provided with a cationic polymer layer comprising a cationic polymer electrolyte
formed on the fibrous carbonaceous material, and an oxide layer comprising a metal oxide or silicon oxide formed on
the cationic polymer layer.

[Claim 2]

The fibrous carbon-based material insulator according to Claim 1,

wherein the insulating coating is further provided with an anionic polymer layer comprising an anionic polymer
electrolyte formed on the fibrous carbonaceous material, and

the cationic polymer layer is formed on the anionic polymer layer.

[Claim 3]

The fibrous carbon-based material insulator according to Claim 1 or Claim 2, wherein the insulating coating is
provided with two or more cationic polymer layers comprising a cationic polymer electrolyte, and two or more oxide
layers comprising at least one of metal oxide and silicon oxide.

[Claim 4]

The fibrous carbon-based material insulator according to Claim 3, wherein the insulating coating is further provided
with an anionic polymer layer comprising an anionic polyelectrolyte formed on the oxide layer, and

the cationic polymer layer is formed on the anionic polymer layer.

[Claim 5]

The fibrous carbon-based material insulator according to any one claim from Claim 1 to 4, wherein the fibrous carbon-
based material is at least one of carbon nanofibers and carbon nanotubes.

[Claim 6]

A resin composite material containing the fibrous carbon-based material insulator according to any one of Claims 1
to 5 and a resin.

[Claim 7]

A method for manufacturing a fibrous carbon-based material insulator, comprising

a step of mixing a solution comprising a cationic polymer electrolyte and a fibrous carbon-based material to form a
cationic polymer layer comprising the cationic polymer electrolyte on the fibrous carbon-based material; and

a step of mixing the fibrous carbon-based material provided with the cationic polymer layer with a solution comprising
at least one of negatively charged metal oxides and silicon oxides to form an oxide layer comprising at least one of
the metal oxide and the silicon oxide on the cationic polymer layer.

[Claim 8]

The method for manufacturing a fibrous carbon-based material insulator according to Claim 7, further comprising a
step wherein, before the cationic polymer layer forming step, the fibrous carbon-based material and a solution
comprising an anionic polymer electrolyte are mixed to form an anionic polymer comprising the anionic polymer
electrolyte on the fibrous carbon-based material.

[Claim 9]

The method for manufacturing a fibrous carbon-based material insulator according to Claim 7 of Claim 8, further
comprising a step of mixing a fibrous carbon-based material insulator provided with an oxide layer comprising at least
one of a metal oxide and a silicon oxide with a solution comprising a cationic polymer electrolyte to form a cationic
polymer layer comprising the cationic polymer electrolyte on the oxide layer; and a step of mixing the fibrous carbon-
based material insulator provided with the cationic polymer layer formed in the above step with a solution comprising
at least one of negatively charged metal oxides and silicon oxides to form an oxide layer comprising at least one of
the metal oxide and the silicon oxide on the cationic polymer layer.

[Claim 10]

The method for manufacturing a fibrous carbon-based material insulator according to Claim 9, further comprising a
step wherein, before the cationic polymer layer forming step, a fibrous carbon-based material insulator provided with
the oxide layer and a solution comprising an anionic polymer electrolyte are mixed to form an anionic polymer layer
comprising the anionic polymer electrolyte on the oxide layer.
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[Detailed Description of the Invention]

[Technical Field]

[0001]

The present invention relates to a fibrous carbon-based material insulator and a method for manufacturing the same;
more particularly, it relates to a fibrous carbon-based material insulator provided with a fibrous carbon-based material
and an insulating coating formed on the fibrous carbon-based material. The present invention also relates to a
composite material comprising the fibrous carbon-based material insulator.

[Prior Art]

[0002]

Fibrous carbon-based materials such as carbon fiber (CF), carbon nanotube (CNT), and carbon nanofiber (CNF)
have attracted attention due to their excellent thermal conductivity and mechanical properties, as well as their storage
stability; for example, development is underway to expand their application to microscope probes, emitters for field
emission displays, electrode materials such as lithium secondary battery negative electrodes, diffusion layers and
separators for fuel cells, field effect transistors, medical materials such as materials for drug delivery systems,
composite materials with resins and ceramics, molecular storage materials, and the like.

[0003]

Since such fibrous carbon-based materials generally exhibit electrical conductivity, they cannot be used as is for
applications requiring insulation, such as electronic device materials. Therefore, as a method of imparting insulating
properties to such a fibrous carbon-based material, Japanese Unexamined Patent Application Publication No. 2007-
107151 (Patent Document 1) proposes a method of coating carbon fibers with silica. However, silica-coated carbon
fibers tend to agglomerate, and resin composites containing silica-coated carbon fibers tend not to exhibit sufficient
insulating properties.

[0004]

On the other hand, in Japanese Unexamined Patent Application Publication No. 2006-49729 (Patent Document 2),
a coated metal is disclosed in which the polymer layers and the oxide layers are alternately laminated, as necessary,
provided with a metal, a polymer layer comprising a cationic polymer on the surface of the metal, and an oxide layer
formed by attaching a negatively charged metal oxide to the surface of the polymer layer. Further, Decher. G et al.,
Thin Solid Films, 1992, 210-211, Part 2, pp. 831-835 (Non-Patent Document 1) discloses a method of forming a
composite organic thin film of a cationic electrolyte polymer and an anionic electrolyte polymer on a substrate by
alternately immersing a substrate in an aqueous solution of a cationic electrolyte polymer and an aqueous solution of
an anionic electrolyte polymer.

[Patent Document 1] JP-A-2007-107151

[Patent Document 2] JP-A-2006-49729

[Non-Patent Document 1] Decher G. et al., Thin Solid Films, 1992, 210-211, Part 2, pp. 831-835.

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0005]

The present invention has been made in view of the above problems of the prior art; the object thereof is to provide a
fibrous carbon-based material insulator having excellent dispersibility, with which it is possible to improve the
insulation of the resin composite material by blending it in the resin, and to maintain at least the thermal conductivity
of the resin composite material.

[Means for Solving the Problems]

[0006]

As a result of intensive research to achieve the above object, the present inventors found that, by arranging an
insulating coating in which a cationic polymer layer and an oxide layer are sequentially formed on a fibrous carbon-
based material, aggregation of the fibrous carbon-based material can be prevented, and furthermore, by blending the
fibrous carbon-based material insulator provided with such an insulating coating with a resin, the insulating properties
of the resin composite material are enhanced and at least the thermal conductivity is maintained; and they thereby
completed the present invention.

[0007]

In other words, the fibrous carbon-based material insulator of the present invention is a fibrous carbon-based material
insulator provided with a fibrous carbon-based material, and an insulating coating formed on the fibrous carbon-based
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material, wherein the insulating coating is provided with a cationic polymer layer comprising a cationic polymer
electrolyte formed on the fibrous carbonaceous material, and an oxide layer comprising a metal oxide or silicon oxide
formed on the cationic polymer layer.

[0008]

Further, when the insulating coating is provided with a cationic polymer layer comprising two or more layers of
cationic polyelectrolyte and an oxide layer comprising a least one of two or more layers of metal oxide and silicon
oxide, in the fibrous carbon-based material insulator of the present invention, the cationic polymer layers and the oxide
layers are alternately arranged. Moreover, the resin composite material of the present invention contains the fibrous
carbon-based material insulator of the present invention and a resin.

[0009]

In the fibrous carbon-based material insulator of the present invention, it is preferable for the insulating coating to
be further provided with an anionic polymer layer comprising an anionic polymer electrolyte formed on the fibrous
carbon-based material or on the oxide layer, and the cationic polymer layer to be formed on the anionic polymer layer.
At least one of carbon nanofibers and carbon nanotubes is preferably the fibrous carbon-based material.

[0010]

The method for manufacturing a fibrous carbon-based material insulator of the present invention comprises a step of
mixing a solution comprising a cationic polymer electrolyte and a fibrous carbon-based material to form a cationic
polymer layer comprising the cationic polymer electrolyte on the fibrous carbon-based material; and a step of mixing
the fibrous carbon-based material provided with the cationic polymer layer with a solution comprising at least one of
negatively charged metal oxides and silicon oxides to form an oxide layer comprising at least one of the metal oxide
and the silicon oxide on the cationic polymer layer.

[0011]

Further, the method for manufacturing a fibrous carbon-based material insulator of the present invention further
preferably comprises a step of mixing a fibrous carbon-based material insulator provided with an oxide layer
comprising at least one of a metal oxide and a silicon oxide with a solution comprising a cationic polymer electrolyte
to form a cationic polymer layer comprising the cationic polymer electrolyte on the oxide layer; and a step of mixing
the fibrous carbon-based material insulator provided with the cationic polymer layer formed in the above step with a
solution comprising at least one of negatively charged metal oxides and silicon oxides to form an oxide layer
comprising at least one of the metal oxide and the silicon oxide on the cationic polymer layer.

[0012]

In addition, the method for manufacturing a fibrous carbon-based material insulator of the present invention preferably
comprises a step wherein, before the cationic polymer layer forming step, a fibrous carbon-based material insulator
provided with the oxide layer and a solution comprising an anionic polymer electrolyte are mixed to form an anionic
polymer layer comprising the anionic polymer electrolyte on the oxide layer.

[0013]

The reason for why the insulating property of the resin composite is enhanced by blending the insulating fibrous
carbon-based material of the present invention is not necessarily clear, but the present inventors speculate as follows.
In other words, in the method for manufacturing a fibrous carbon-based material insulator of the present invention, in
order to form an insulating coating provided with a cationic polymer layer and an oxide layer (preferably further
provided with an anionic polymer layer) on a fibrous carbon-based material using electric charges, it is possible to
form a uniform insulating film such as a single layer or a monomolecular film, and it is possible to control the film
thickness by adjusting the number of insulating treatments. As a result, it is presumed that the insulating properties of
the fibrous carbon-based material insulator can be easily ensured.

[0014]

In addition, since the fibrous carbon-based material insulator of the present invention is excellent in dispersibility, it
is uniformly dispersed in the resin composite, and the insulation is exhibited over the entire resin composite. For this
reason, it is presumed that the insulating properties of the resin composite of the present invention are enhanced.
[Effects of the Invention]

[0015]

According to the present invention, a fibrous carbon-based material insulator having excellent dispersibility can be
obtained; in addition, by blending this with the resin, it becomes possible to improve the insulating properties of the
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resin composite material, and furthermore, it becomes possible to maintain at least the thermal conductivity of the
resin composite material.

[Best Mode for Carrying Out the Invention]

[0016]

The present invention will now be described in detail with reference to its preferred embodiments.

[0017]

<Fibrous carbon-based material insulator>

First, the fibrous carbon-based material insulator of the present invention will be described. The fibrous carbon-based
material insulator of the present invention is provided with a fibrous carbon-based material and an insulating coating
formed on the fibrous carbon-based material; the insulating coating is provided with a cationic polymer layer
comprising a cationic polymer electrolyte formed on the fibrous carbonaceous material, and an oxide layer comprising
at least one of a metal oxide and a silicon oxide formed on the cationic polymer layer.

[0018]

In addition, when the insulating coating is provided with a cationic polymer layer comprising two or more layers of
cationic polyelectrolyte and two or more layers of oxide layers comprising at least one of metal oxides and silicon
oxides, in the fibrous carbon-based material insulator of the present invention, the cationic polymer layers and the
oxide layers are alternately arranged.

[0019]

Furthermore, in the fibrous carbon-based material insulator of the present invention, the insulating coating is further
provided with an anionic polymer layer comprising an anionic polymer electrolyte formed on the fibrous carbon-based
material or on the oxide layer; the cationic polymer layer is preferably formed on the anionic polymer layer.

[0020]

(Fibrous carbon-based material)

Examples of the fibrous carbon-based material used in the present invention include carbon nanostructures such as
carbon fiber materials, carbon nanofibers, carbon nanohorns, carbon nanocones, carbon nanotubes, carbon nanocoils,
fullerenes and derivatives thereof. These fibrous carbon-based materials may be used singly or in combination of two
or more. Among these, carbon nanofibers and carbon nanotubes are preferred from the viewpoint of improving thermal
conductivity and improving mechanical properties such as mechanical strength.

[0021]

Further, when using carbon nanofibers and/or carbon nanotubes as the fibrous carbon-based material, it is preferable
in terms of cost to use multi-walled carbon nanofibers and/or multi-walled carbon nanotubes.

[0022]

The average diameter of the fibrous carbon-based material is not particularly limited, but when a carbon fiber-based
material is used as the fibrous carbon-based material, the average diameter is preferably 30 um or less, more preferably
20 um or less, and particularly preferably 15 um or less. When a carbon nanostructure is used as the fibrous carbon-
based material, the thickness is preferably 500 nm or less, more preferably 250 nm or less, and particularly preferably
150 nm or less. If the average diameter exceeds the above upper limit, the mechanical properties, thermal conductivity
and insulating properties of the resin composite tend not to be sufficiently improved. Although the lower limit of the
average diameter of the fibrous carbon-based material is not particularly limited, it is preferably 0.8 nm, and more
preferably 1.0 nm, in order to form a homogeneous insulating layer.

[0023]

The aspect ratio (length/diameter) of the fibrous carbon-based material is not particularly limited, but is preferably 5
or more, more preferably 10 or more, even more preferably 20 or more, particularly preferably 50 or more, and most
preferably 100 or more. If the aspect ratio is less than the above lower limit, the mechanical properties and thermal
conductivity of the resin composite tend not to be sufficiently improved.

[0024]

In the present invention, among the peaks of the Raman spectrum of the fibrous carbon-based material obtained by
measuring with a Raman spectrophotometer, although the ratio (G/D) of the G band observed around 1585 cm™ due
to the shear vibration of carbon atoms in the graphene structure, and the D band observed around 1350 cm where
thegraphene structure has defects like dangling bonds, is not particularly limited, in applications requiring high thermal
conductivity such as high thermal conductive resin materials, it is preferably 1.0 or more, more preferably 3.0 or more,
and particularly preferably 5.0 or more. If the G/D value is less than the lower limit, the thermal conductivity tends
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not to be sufficiently improved. Further, if the G/D value is too large, the surface activity of the fibrous carbon-based
material tends to decrease, and the coating amount of the cationic polymer electrolyte and/or the anionic polymer
electrolyte tends to decrease, so that the upper limit of the value is preferably 20.

[0025]

The fibrous carbonaceous material used in the present invention can be produced by a conventionally known method.
For example, carbon nanostructures can be produced by appropriately selecting conventionally known manufacturing
methods such as a laser ablation method, an arc discharge method, and a chemical vapor deposition method (CVD
method) according to the application. The carbon nanostructures used in the present invention are not limited to those
produced by these methods.

[0026]

In addition, since the fibrous carbon-based material used in the present invention is usually in an aggregated state in
which fibers are entangled or aggregated by n-n stacking, agglomeration is preferably disaggregated in advance by
ultrasonic treatment, treatment with a homogenizer, treatment with a grinder mill or bead mill, collision mixing
treatment, or the like. A fibrous carbon-based material insulator having excellent dispersibility can thereby be obtained.
Breaking up such aggregates is particularly effective when using a fibrous carbon-based material with an aspect ratio
of 20 or more and/or a diameter of 200 nm or less.

[0027]

Further, in the present invention, in order to improve the dispersibility of the fibrous carbon-based material in the
solvent, the surface of the fibrous carbon-based material may be oxidized to form functional groups on the surface of
the fibrous carbon-based material. Examples of the oxidation treatment include chemical oxidation using fuming nitric
acid or fuming sulfuric acid, electrolytic oxidation, air oxidation by heat treatment, and oxidation by plasma treatment.
[0028]

(anionic polyelectrolyte)

In the fibrous carbon-based material insulator of the present invention, it is preferable to negatively charge the surface
of the fibrous carbonaceous material by adhering (adsorbing) an amphipathic compound such as an anionic polymer
electrolyte as necessary. Also, when the cationic polymer layer and the oxide layer are repeatedly formed as described
later, it is preferable to adhere an anionic polymer electrolyte to the surface of the fibrous carbon-based material
insulator (the surface of the oxide layer) as necessary. By attaching the anionic polyelectrolyte in this way, it is possible
to improve the dispersibility of the fibrous carbon-based material and the fibrous carbon-based material insulator, and
increase the coating amount of the cationic polymer electrolyte.

[0029]

Examples of the anionic polymer electrolyte include poly(sodium 4-styrenesulfonate), sodium
carboxymethylcellulose, anionized polyvinyl alcohol, polyvinyl phosphate, styrene sulfonic acid-maleic acid
copolymer, acrylic acid amide/sodium acrylate copolymer, and the like. These anionic polymer electrolytes may be
used singly or in combination of two or more. In the present invention, as an anionic polyelectrolyte, the use of a
compound having an aromatic ring or maleimide structure that adheres (adsorbs) to the graphene structure of a fibrous
carbon-based material due to interaction such as n-n stacking is preferable because an increase in the coating amount
of the anionic polymer electrolyte can be expected.

[0030]

(cationic polymer electrolyte)

The cationic polymer electrolyte used in the present invention is a polymer capable of easily generating cations and
capable of being adsorbed into the fibrous carbon-based material or its insulator, or a polymer having a coordinating
functional group. Examples include polydiallyldimethylammonium hydrochloride, polyethylimine, and
polyallylamine hydrochloride. These cationic polymer electrolytes may be used singly or in combination of two or
more.

[0031]

(metal oxides and silicon oxides)

The metal oxides and silicon oxides (hereinafter collectively referred to as "metal oxides") used in the present
invention are negatively charged; however, their shape may be sheet-like, fine particle-like, or a mixture thereof. When
sheet metal oxides are used, it is possible to form an extremely thin and uniform oxide layer. On the other hand, when
fine particles of metal oxides are used, a relatively thick oxide layer can be formed with a relatively small number of
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insulating treatments. Moreover, said metal oxide and silicon oxide may be used individually by 1 type, or may use 2
or more types together.
[0032]
The size of the metal oxides is preferably not larger than a size that does not cause spontaneous sedimentation when
dispersed in a solvent and exhibits the Tyndall phenomenon, that is, smaller than a size that can maintain a colloidal
state. This makes it possible to form a thin and uniform oxide layer. As for the specific size of such metal oxides, in
the case of a sheet, the thickness is preferably on the order of nanometers, more preferably 0.7 nm or more and 5 nm
or less. Moreover, the lateral length of the sheet-shaped metal oxides is preferably 2 um or less, more preferably
500 nm or less, and particularly preferably 100 nm or less. On the other hand, in the case of fine particles, the average
particle diameter is preferably 2 nm or more and 1 um or less, more preferably 4 nm or more and 100 nm or less, and
particularly preferably 4 nm or more and 20 nm or less.
[0033]
As the nanometer-order sheet-shaped metal oxides (metal oxide nanosheets) used in the present invention, there is one
in which a layered compound and hydrochloric acid are reacted, the resulting hydrogen-type layered compound is
added to a solution containing large-sized ions, the solution is shaken, and the host layer is peeled off; as well as one
that is layered clay minerals. Among these, layered clay minerals are preferable because metal oxide nanosheets can
be obtained easily. Specific layered clay minerals include swelling clay minerals such as montmorillonite, smectite,
and synthetic saponite. On the other hand, examples of a nanosheet from which the layered compound is exfoliated
include silica nanosheets obtained by treating layered silicon compounds (CaSi,, YbSi,, and the like) with
concentrated hydrochloric acid, and titania nanosheets obtained by treating layered titanium oxide with concentrated
hydrochloric acid.
[0034]

Examples of the fine-particle metal oxides include those obtained by hydrolysis of metal compounds, silicon
compounds, or inorganic salt compounds, such as colloidal silica.
[0035]
(Characteristics of fibrous carbon-based material insulator)
The fibrous carbon-based material insulator of the present invention is provided with a fibrous carbon-based material
and an insulating coating formed thereon; the insulating coating is provided with a cationic polymer layer formed on
the fibrous carbonaceous material and an oxide layer formed on the cationic polymer layer; and preferably, it is
provided with an anionic polymer layer formed on the fibrous carbon-based material, a cationic polymer layer formed
on the anionic polymer layer, and an oxide layer formed on the cationic polymer layer.
[0036]
In the fibrous carbon-based material insulator of the present invention, when the insulating coating is provided with
two or more cationic polymer layers and two or more oxide layers, the cationic polymer layers and the oxide layers
are alternately arranged; further, it is preferable that the anionic polymer layer be arranged on the oxide layer as
necessary, and the cationic polymer layer be arranged on the anionic polymer layer.
[0037]
In the fibrous carbon-based material insulator of the present invention, the proportion of the cationic polymer
electrolyte covering the fibrous carbon-based material is preferably 0.01% by mass or more and 50% by mass or less,
and more preferably 0.1% by mass or more and 20% by mass or less based on 100% by mass of the fibrous carbon-
based material insulator. When the coverage ratio of the cationic polymer electrolyte is less than the lower limit, the
oxide layer is not sufficiently formed on the cationic polymer layer, and the insulating properties of the fibrous carbon-
based material insulator tend to be lowered; on the other hand, if the upper limit is exceeded, the properties of the
fibrous carbon-based material tend to be impaired. The coverage ratio of the cationic polymer electrolyte can be
obtained from mass reduction in thermogravimetric analysis based on the thermal decomposition temperature of the
cationic polymer electrolyte.
[0038]
In addition, in the fibrous carbon-based material insulator of the present invention, the ratio of the metal oxides
covering the fibrous carbon-based material is preferably 0.01% by mass or more and 80% by mass or less, more
preferably 0.1% by mass or more and 65% by mass or less, and further preferably 1.0% by mass or more and 50% by
mass or less with respect to 100% by mass of the fibrous carbon-based material insulator. When the coating ratio of
metal oxides is less than the lower limit, a sufficient oxide layer is not formed, and the insulating properties of the
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fibrous carbon-based material insulator tend to be lowered; on the other hand, if the upper limit is exceeded, the
properties of the fibrous carbon-based material tend to be impaired. The coating ratio of metal oxides can be
determined by fluorescent X-ray analysis, inductively coupled plasma-induced emission spectrometry, inductively
coupled plasma-induced mass spectrometry, or the like, and can also be determined by the percentage of residue in
thermogravimetric analysis.

[0039]

Furthermore, in the fibrous carbon-based material insulator of the present invention, the proportion of the anionic
polyelectrolyte covering the fibrous carbon-based material is preferably 0.01% by mass or more and 50% by mass or
less, and more preferably 0.1% by mass or more and 20% by mass or less based on 100% by mass of the fibrous
carbon-based material insulator. If the coating ratio of the anionic polymer electrolyte is less than the lower limit, the
effect of the anionic polymer electrolyte tends to be insufficient, while if it exceeds the upper limit, the properties of
the fibrous carbon-based material tend to be impaired.

[0040]

Further, in the fibrous carbon-based material insulator of the present invention, the total coating amount of the anionic
polymer electrolyte and the cationic polymer electrolyte is preferably 0.1 parts by mass or more and 50 parts by mass
or less, more preferably 0.5 to 40 parts by mass, and particularly preferably 2.0 to 25 parts by mass based on the
coating amount of 100 parts by mass of the metal oxide. If the coating amount of the anionic and cationic polymer
electrolytes is less than the lower limit, the absolute amount of metal oxides coating the fibrous carbon-based material
is small, so that the insulating properties of fibrous carbon-based material insulators tend to deteriorate; on the other
hand, if the above upper limit is exceeded, the insulating properties of the metal oxides are inhibited by the polymer
electrolyte, and the insulating properties of the fibrous carbonaceous material insulator tend to be lowered.

[0041]

In the fibrous carbon-based material insulator of the present invention, the thickness of the insulating coating is
preferably 0.8 nm or more and 1000 nm or less, more preferably 0.8 nm or more and 200 nm or less, and further
preferably equal to or less than the diameter of the fibrous carbonaceous material. If the thickness of the insulating
coating is less than the lower limit, the insulating properties of the resin composite tend not to be sufficiently improved;
on the other hand, if the above upper limit is exceeded, the properties of the fibrous carbon-based material tend to be
impaired.

[0042]

Like the present invention, by disposing an insulating coating comprising an oxide layer and a cationic polymer layer
(preferably further comprising an anionic polymer layer) on the fibrous carbonaceous material, the surface resistivity
of the obtained fibrous carbon-based material insulator is preferably 10 times or more, more preferably 100 times or
more, and particularly preferably 1000 times or more, that of the fibrous carbon-based material without the insulating
coating.

[0043]

Such a fibrous carbon-based material insulator of the present invention is usually used as is; however, the anionic
polymer layer and the cationic polymer layer may be removed or mineralized by thermal decomposition or the like by
heat treatment or the like.

[0044]

<Manufacturing method of fibrous carbon-based material insulator>

Next, the method for manufacturing the fibrous carbon-based material insulator of the present invention will be
described. The method for manufacturing a fibrous carbon-based material insulator of the present invention is a
method comprising a step of forming a cationic polymer layer comprising the cationic polymer electrolyte on the
fibrous carbon-based material (cation treatment step), and a step of forming an oxide layer comprising the metal oxides
on the cationic polymer layer (oxide treatment step).

[0045]

Further, the method for manufacturing a fibrous carbon-based material insulator of the present invention may further
comprise a step of forming a cationic polymer layer comprising a cationic polymer electrolyte on the fibrous carbon-
based material insulator provided with the cationic polymer layer and the oxide layer produced by the manufacturing
method (cation treatment step), and a step of forming an oxide layer comprising the metal oxides on the cationic
polymer layer (oxide treatment step).
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[0046]

When the manufacturing method of the present invention comprises two or more cationic polymer layer forming steps
and two or more oxide layer forming steps, the method for manufacturing the insulating fibrous carbon-based material
of the present invention is preferably a method in which the formation of the cationic polymer layer and the formation
of the oxide layer are alternately performed, that is, a so-called alternate adsorption method.

[0047]

Moreover, in the present invention, it is preferable to comprise a step of forming an anionic polymer layer containing
an anionic polymer electrolyte on the fibrous carbonaceous material or its insulator (anion treatment step) before the
cationic polymer layer forming step. Furthermore, before the first cationic polymer layer forming step, the fibrous
carbon-based material may be subjected to the oxidation treatment. These make it possible to improve the dispersibility
of the fibrous carbon-based material or its insulator and to increase the amount of the cationic polymer electrolyte to
be coated.

[0048]

(Oxidation treatment step)

The oxidation treatment step according to the present invention is a step wherein the fibrous carbon-based material is
subjected to oxidation treatment such as chemical oxidation using fuming nitric acid or fuming sulfuric acid,
electrolytic oxidation, air oxidation by heat treatment, or oxidation by plasma treatment. As a result, functional groups
are generated on the surface of the fibrous carbon-based material, and by reacting or coordinating this functional group
with the cationic polymer electrolyte, a fibrous carbon-based material insulator from which the cationic polymer
electrolyte is difficult to detach can be obtained and it becomes possible to increase the coating amount of the cationic
polymer electrolyte.

[0049]

(Anion treatment step)

The anion treatment step according to the present invention is a step wherein a fibrous carbon-based material or an
insulator thereof is mixed with a solution comprising an anionic polymer electrolyte, and an anionic polymer layer is
formed by adhering (adsorbing) an anionic polymer electrolyte onto a fibrous carbon-based material or its insulator
(specifically, its oxide layer). As a result, the surface of the fibrous carbon-based material or its insulator is negatively
charged, and the coating amount of the cationic polymer electrolyte can be increased.

[0050]

From the viewpoint of the productivity of the fibrous carbon-based material insulator, when the fibrous carbon-based
material is a carbon fiber-based material, the concentration of the fibrous carbon-based material or its insulator in the
dispersion after mixing is preferably 0.01% by mass or more, and when it is a carbon nanostructure, it is preferably
0.001% by mass or more, more preferably 0.01% by mass or more. In addition, from the viewpoint of the fluidity of
the dispersion liquid and the dispersibility of the fibrous carbon-based material or its insulator, when the fibrous
carbon-based material is a carbon fiber-based material, the concentration is preferably 50% by mass or less; in the
case of carbon nanostructures, furthermore, from the viewpoint that the concentration at which the fluidity of the
dispersion can be maintained tends to decrease as the diameter of the carbon nanostructure becomes smaller and the
aspect ratio becomes larger, for example, when the aspect ratio is 50 or more and the diameter is 150 nm, the content
is preferably 6 mass % or less, and when the aspect ratio is 50 or more and the diameter is 80 nm, the content is
preferably 2 mass % or less.

[0051]

The concentration of the anionic polymer electrolyte in the dispersion is preferably 0.0001% by mass or more and 5%
by mass or less, more preferably 0.001% by mass or more and 1% by mass or less. If the concentration of the anionic
polymer electrolyte is less than the above lower limit, the formation efficiency of the anionic polymer layer tends to
decrease, and it tends to be difficult to form a uniform anionic polymer layer. On the other hand, if the upper limit is
exceeded, a large amount of the anionic polymer electrolyte remains in the dispersion and the anionic polymer
electrolytes interfere with each other, making it difficult to form a thin and uniform anionic polymer layer.

[0052]

In the present invention, a suitable solvent may be added so that the concentrations of the fibrous carbonaceous
material or its insulator and the anionic polymer electrolyte in the dispersion are within the above ranges.
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[0053]

(Cation treatment step)

The cation treatment step according to the present invention is a step wherein the fibrous carbon-based material or its
insulator (including those subjected to oxidation treatment and those having an anionic polymer layer formed as
necessary) and a solution containing a cationic polymer electrolyte are mixed, and a cationic polymer layer is formed
by adhering (adsorbing) a cationic polymer electrolyte onto the fibrous carbon-based material or its insulator, or onto
the anionic polymer layer.

[0054]

From the viewpoint of the productivity of the fibrous carbon-based material insulator, when the fibrous carbon-based
material is a carbon fiber-based material, the concentration of the fibrous carbon-based material or its insulator in the
dispersion after mixing is preferably 0.01% by mass or more, and when it is a carbon nanostructure, it is preferably
0.001% by mass or more, and more preferably 0.01% by mass or more. In addition, from the viewpoint of the fluidity
of the dispersion liquid and the dispersibility of the fibrous carbon-based material or its insulator, when the fibrous
carbon-based material is a carbon fiber-based material, the concentration is preferably 50% by mass or less, and in the
case of carbon nanostructures, furthermore, from the viewpoint that the concentration at which the fluidity of the
dispersion can be maintained tends to decrease as the diameter of the carbon nanostructure becomes smaller and the
aspect ratio becomes larger, for example, when the aspect ratio is 50 or more and the diameter is 150 nm, the content
is preferably 6 % by mass or less, and when the aspect ratio is 50 or more and the diameter is 80 nm, the content is
preferably 2 % by mass or less.

[0055]

Moreover, the concentration of the cationic polymer electrolyte in the dispersion is preferably 0.0001% by mass or
more and 5% by mass or less, more preferably 0.001% by mass or more and 1% by mass or less. If the concentration
of the cationic polymer electrolyte is less than the above lower limit, the efficiency of forming the cationic polymer
layer tends to decrease, and it tends to be difficult to form a uniform cationic polymer layer. On the other hand, when
the above upper limit is exceeded, a large amount of the cationic polymer electrolyte remains in the dispersion and
the cationic polymer electrolytes interfere with each other, making it difficult to form a thin and uniform cationic
polymer layer.

[0056]

In the present invention, a suitable solvent may be added so that the concentrations of the fibrous carbon-based material
or its insulator and the cationic polymer electrolyte in the dispersion are within the above ranges.

[0057]

(Oxidation processing step)

In the oxide treatment step according to the present invention, a fibrous carbon-based material provided with a cationic
polymer layer as the outermost layer obtained in the cationic treatment step or an insulator thereof (hereinafter referred
to as "a fibrous carbon-based material containing a cationic polymer layer or an insulator thereof") is mixed with a
solution containing negative metal oxides to form an oxide layer by attaching (adsorbing) metal oxides onto the
cationic polymer layer.

[0058]

Regarding the concentration of the fibrous carbon-based material containing a cationic polymer layer or an insulator
thereof in the dispersion after mixing, from the viewpoint of productivity of the fibrous carbon-based material insulator,
when the fibrous carbon-based material is a carbon fiber-based material, it is preferably 0.01% by mass or more, and
when it is a carbon nanostructure, it is preferably 0.001% by mass or more, and more preferably 0.01% by mass or
more. In addition, from the viewpoint of the fluidity of the dispersion liquid and the dispersibility of the fibrous carbon-
based material or its insulator, when the fibrous carbon-based material is a carbon fiber-based material, the
concentration is preferably 50% by mass or less; in the case of a carbon nanostructure, from the viewpoint that the
concentration at which the fluidity of the dispersion can be maintained tends to decrease as the diameter of the carbon
nanostructures decreases and the aspect ratio increases, for example, when the aspect ratio is 50 or more and the
diameter is 150 nm, the content is preferably 6 % by mass or less, and when the aspect ratio is 50 or more and the
diameter is 80 nm, the content is preferably 2 % by mass or less.

[0059]

Further, regarding the concentration of metal oxide in the distributed liquid, when the metal oxides are sheet-shaped,
the content is preferably 0.0001% by mass or more and 5% by mass or less, more preferably 0.001% by mass or more

11
Samsung Ex. 1013, Page 11 of 94

Samsung Electronics Co., Ltd., et al. v. Molecular Rebar Design, LLC
IPR2025-00355



(11) JP2009-235650 A 2009.10.15

and 1% by mass or less; on the other hand, in the case of fine particles, the content is preferably 0.001% by mass or
more and 20% by mass or less, more preferably 0.01% by mass or more and 5% by mass or less. When the
concentration of the metal oxides is less than the lower limit, the efficiency of forming the oxide layer tends to decrease,
and it tends to be difficult to form a uniform oxide layer. On the other hand, when the above is exceeded, a large
amount of metal oxide remains in the dispersion, which is not preferable.

[0060]

In the present invention, a suitable solvent may be added so that the concentrations of the cationic polymer layer-
containing fibrous carbonaceous material or its insulator and the metal oxides in the dispersion are within the above
ranges.

[0061]

The solvent used in the manufacturing method of the fibrous carbon-based material insulator of the present invention
may include water, organic solvents (ketones, alcohols, halogenated hydrocarbons, ethers, and the like), and mixed
solvents of water and organic solvents. Among them, water and a mixed solvent containing water as a main component
are preferable. Moreover, these solvents can be used in any step.

[0062]

In the manufacturing method of the present invention, an appropriate amount of the following may be added to the
dispersion liquid used in each of the above steps: pH adjustment acids (hydrochloric acid, sulfuric acid, phosphoric
acid, and the like), alkalis (sodium hydroxide, ammonia, and the like), and metal chlorides (sodium chloride, calcium
chloride, and the like) for charging the surface of fibrous carbon-based materials. Further, the viscosity of the
dispersion liquid used in each step is preferably 10,000 Pa-s or less, more preferably 1,000 Pa's or less, and particularly
preferably 100 Pa-s or less at the temperature during the treatment.

[0063]

In each of the steps according to the manufacturing method of the present invention, it is preferable to apply forced
stirring treatment such as ultrasonic treatment, treatment by stirrer, treatment by homogenizer, treatment by grinder
mill, impingement mixing, treatment by a bead mill, treatment with a kneader, treatment with a mixer having stirring
blades or a shaker; among these, ultrasonic treatment and treatment with a homogenizer are more preferable because
they can disperse more uniformly.

[0064]

The temperature during the treatment in each of the steps is not particularly limited, but room temperature, which is a
condition that does not require a temperature control device such as heating or cooling, is preferable. In the present
invention, a heating or cooling operation may be performed to promote or retard adhesion or coating.

[0065]

The processing time in each step is preferably 0.1 second or longer and 60 minutes or shorter, more preferably 1 second
or longer and 30 minutes or shorter. When the treatment time is less than the above lower limit, it tends to be difficult
to form a uniform polymer layer (cationic and anionic) or oxide layer. On the other hand, when the above upper limit
is exceeded, the productivity of the fibrous carbon-based material insulator tends to decrease.

[0066]

Furthermore, in the present invention, in order to remove free cationic and anionic polyelectrolytes and metal oxides,
it is preferable to wash the obtained fibrous carbon-based material or its insulator after each of the above steps.
[0067]

In the method for manufacturing a fibrous carbon-based material insulator of the present invention, it is further
preferable to sequentially and repeatedly form the cationic polymer layer and the oxide layer on the fibrous carbon-
based material insulator comprising the cationic polymer layer and the oxide layer thus formed (preferably comprising
the anionic polymer layer) by the methods described in the cationic treatment step and the oxide treatment step. In
other words, a cationic polymer layer is formed on the oxide layer by mixing a fibrous carbon-based material insulator
provided with the oxide layer as the outermost layer and a solution comprising a cationic polymer electrolyte; next,
the fibrous carbon-based material insulator provided with the cationic polymer layer is mixed with a solution
comprising a negatively charged metal oxide or silicon oxide to form an oxide layer on the cationic polymer layer.
[0068]

Further, it is more preferable to form an anionic polymer layer on the fibrous carbon-based material insulator before
forming the cationic polymer layer. In other words, first, a fibrous carbon -based material insulator provided with an
oxide layer as the outer layer is mixed with a solution comprising an anionic polymer electrolyte to form an anionic
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polymer layer on the oxide layer; then, in accordance with the above method, a cationic polymer layer is formed on
the anionic polymer layer, and an oxide layer is formed on the cationic polymer layer.

[0069]

In the present invention, it is particularly preferable to repeat these layer formations. By alternately forming the
cationic polymer layer and the oxide layer (preferably, the anionic polymer layer, the cationic polymer layer and the
oxide layer are repeatedly formed), it is possible to form a more uniform insulating coating, to easily adjust the
thickness of the insulating coating, and to control the insulating properties of the fibrous carbon-based material
insulator to an arbitrary level. In particular, it is possible to improve the insulating properties of the fibrous carbon-
based material insulator by repeating the above-described layer formation many times.

[0070]

In the manufacturing method of the present invention, a fibrous carbon-based material insulator in a state of being
dispersed in a solvent is usually obtained. In this case, by dissolving a resin or the like in a dispersion containing a
fibrous carbon-based material insulator, or by melting and mixing the dispersion and the resin and then removing the
solvent, a resin composition or a resin composite material in which the fibrous carbon-based material insulator is
uniformly dispersed can be obtained. For example, when the dispersion of the insulating fibrous carbon-based material
is pressurized and kneaded into the polymer solution in the casting method or the molten resin in the extruder,
aggregation of the fibrous carbon-based material insulator is suppressed; furthermore, when the solvent is removed
from the vent, a resin composite material in which the fibrous carbon-based material insulator is uniformly dispersed
can be obtained.

[0071]

Further, by subjecting the insulating fibrous carbon-based material dispersed in the solvent to a drying treatment such
as freeze-drying or spray-drying, it is possible to recover the insulating fibrous carbon-based material in a solid state
while suppressing aggregation. The fibrous carbon-based material insulator collected while suppressing aggregation
in this way has excellent dispersibility in solvents, resins, and the like. Moreover, the drying treatment is preferably
carried out in the presence of resin particles (particle size of 5 mm or less, preferably 1 mm or less) and/or fillers (for
example, inorganic fillers such as alumina, silica, boron nitride, and aluminum nitride having an average particle size
of 100 um or less). This can sufficiently suppress aggregation of the fibrous carbon-based material insulator.
Additionally, in this case, the amount of resin particles and/or filler is preferably 10-fold or more that of the fibrous
carbon-based material insulator.

[0072]

<Resin composition and resin composite comprising fibrous carbon-based material insulator>

The resin composite material of the present invention is obtained by molding a resin composition comprising the
fibrous carbon-based material insulator of the present invention and a resin. Although the content rate of the fibrous
carbon-based material insulator in the resin composition and resin composite is not particularly limited, when the
fibrous carbon-based material is a carbon fiber-based material, it is preferably 0.1% by mass or more, more preferably
0.5% by mass or more, and preferably 50% by mass or less, more preferably 40% by mass or less, and further
preferably 30% by mass or less, with respect to 100% by mass of the resin composition or resin composite. In the case
of carbon nanostructures, the content is preferably 0.01% by mass or more, more preferably 0.05% by mass or more,
further preferably 0.1% by mass or more, and particularly preferably 0.2% by mass or more. Moreover, it is preferably
20% by mass or less, more preferably 10% by mass or less, and further preferably 5% by mass or less. When the
content of the fibrous carbon-based material insulator is less than the lower limit, the thermal conductivity and
mechanical properties of the resin composite material of the present invention tend to decrease; on the other hand,
when the above upper limit is exceeded, the fluidity of the resin composition tends to decrease. Also, the melt viscosity
of the resin composition according to the present invention is not particularly limited, but in the case of a thermoplastic
resin composition, the MFR at the molding temperature is preferably 0.1 to 200 g/(10 minutes, load 2.16 kg). Moreover,
in the case of a thermosetting resin composition, it is preferable to adjust the viscosity appropriately according to the
molding method, composition, application, and the like.

[0073]

Although the resin is not particularly limited, examples of it include thermosetting resins such as epoxy resin, phenolic
resin, novolac epoxy phenolic resin, melamine resin, thermosetting imide resin, thermosetting silicone resin, urea resin,
unsaturated polyester resin, alkyd resin and urethane resin; thermoplastic resins such as ABS resin, polystyrene,
polyacrylonitrile, polymethyl methacrylate, polycarbonate, cyclic polyolefin, polyethylene terephthalate, polyester
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resins such as polybutylene terephthalate and polyarylate, liquid crystal polyester, polyphenylene ether, polyphenylene
sulfide, polyether sulfone, polyoxymethylene, polyolefin resin, acid or acid anhydride-modified polyolefin resin,
acrylic elastomer, acid or acid anhydride modified acrylic elastomer, polytetrafluoroethylene, polylactic acid,
polysulfone, thermoplastic polyimide, polyetherimide, polyetheretherketone, polyetheramide, polyamide-imide and
polyamide; various alloy resins, and the like. These resins may be used singly or in combination of two or more.
Crosslinked rubbers such as silicone rubber, ethylene-propylene-diene rubber, fluororubber, acrylonitrile rubber, and
NBR, and composites of these and resins can also be used.

[0074]

Various additives can be blended in the resin composition according to the present invention and the resin composite
material according to the present invention as long as the effects of the present invention are not impaired. Particular
examples include flame retardants, antioxidants, UV absorbers, antistatic agents, lubricants, mold release agents,
viscosity modifiers, colorants, surface treatment agents such as silane coupling agents, glass fiber, fillers such as silica
and thermally conductive fillers agents, elastomers, and the like.

[0075]

Examples of the thermally conductive filler include alumina, boron nitride, aluminum nitride, silicon carbide, diamond,
zinc oxide, and magnesium oxide. These thermally conductive fillers may be used alone or in combination of two or
more. Although the thermal conductivity of this thermally conductive filler is not particularly limited, it is preferably
10 W/mk or higher, more preferably 20 W/mk or higher. Although the content of the thermally conductive filler in
the resin composition according to the present invention is not particularly limited, 0.5% by volume or more and 80%
by volume or less is preferable, 1.0% by volume or more and 70% by volume or less is more preferable, and 5.0% by
volume or more and 50% by volume or less is particularly preferable, with respect to 100% by mass of the resin
composition. If the content of the thermally conductive filler is less than the lower limit, the thermal conductivity of
the resulting resin composite tends not to be sufficiently improved, and if it exceeds the upper limit, the fluidity of the
resin composition tends to decrease.

[0076]

The method for manufacturing the resin composition according to the present invention is not particularly limited;
conventionally known mixing and/or kneading methods employed when dispersing a filler in a resin can be used.
Examples thereof include a method using an extruder, a roll, a kneader, and the like, and a method of mixing in a
solvent. Further, when a low-viscosity thermosetting resin is used as the resin, it is also possible to mix by applying a
compounding treatment using a rotation-revolution mixer. When manufacturing the resin composition according to
the present invention, it is preferable to perform at least one of ultrasonic treatment, heat treatment, stirring treatment,
kneading treatment, and the like.

[0077]

Further, in the present invention, it is preferable to premix the insulating fibrous carbon-based material with a part of
the resin or filler in order to improve the dispersibility of the insulating fibrous carbon-based material. Examples of
premixing methods include a method of mixing a fibrous carbon-based material insulator with a solution (dispersion)
in which a part of a resin or filler is dissolved (dispersed), a method of mixing a molten resin and a fibrous carbon-
based material insulator, and a method of mixing a resin, a filler, and a fibrous carbon-based material insulator by dry
blending, and the like. The shape of the resin during dry blending is not particularly limited, and examples thereof
include powder, pellets, granules, tablets, and the like.

[0078]

The method for manufacturing the resin composite material of the present invention is not particularly limited; a
known molding method that is generally employed as a resin molding method can be appropriately employed, and a
resin composite having a desired shape can be obtained.

[0079]

By blending the insulating fibrous carbon-based material of the present invention with the resin in this manner, the
insulating properties of the resin composite can be improved, and the properties of carbon-based nanofibers (improved
thermal conductivity, improved mechanical properties, low thermal expansion, and the like of the resin composite)
can be imparted.

[0080]

For example, the increase in volume resistivity of the resin composite material containing the fibrous carbon-based
material insulator of the present invention is preferably 10-fold or more, more preferably 100-fold or more, compared
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to products containing fibrous carbon-based materials that have not been insulated. Specifically, the volume resistivity

of the resin composite material of the present invention is preferably 107 Q-m or more, more preferably 10'° Q-m or

more. In addition, the dielectric breakdown voltage is preferably increased by 10-fold or more, more preferably by

100-fold or more, as compared with that in which a fibrous carbon-based material that has not been subjected to

insulation treatment is blended. Specifically, the dielectric breakdown voltage of the resin composite material of the

present invention is preferably 10 V/mm or higher, more preferably 100 V/mm or higher. If the volume resistivity or

the dielectric breakdown voltage is less than any of the above lower limits, the insulation tends to be low, making it

difficult to apply to applications requiring insulation.

[0081]

Moreover, the thermal conductivity of the resin composite material blended with the fibrous carbon-based material

insulator of the present invention is maintained at least as compared to the one not blended with the fibrous carbon-

based material insulator; the increase is preferably 1.1-fold or more, more preferably 1.2-fold or more. In addition,

when the fibrous carbon-based material insulator of the present invention is used in combination with the thermally

conductive filler, a synergistic effect of improving the thermal conductivity of the fibrous carbon-based material

insulating material and the thermally conductive filler can be expected.

[Embodiments]

[0082]

The present invention will be described more specifically below based on embodiments and comparative examples,

but the present invention is not limited to the following embodiments. In addition, the content of the insulating coating

in the fibrous carbon-based material insulator, volume resistivity of resin composites, the breakdown voltage, and

thermal conductivity were measured with the following method.

[0083]

(Content rate of the insulating coating)

Mass change of the fibrous carbon-based material insulator was measured using a thermal analyzer (manufactured by

Rigaku Co., Ltd., thermal differential balance (TG-DTA) "Thermo plus") under the condition of measurement

temperature range: room temperature to 1000°C, heating rate: 20°C/min, air atmosphere and gas flow rate:

500 ml/min. The mass reduction rate in the range of 250 to 400°C was determined as the content rate of organic

components (anionic polyelectrolytes and cationic polyelectrolytes) and the percentage of residue was determined as

the content of metal oxides. In addition, the same measurement was performed for the fibrous carbonaceous material,

and the content rate of the fibrous carbonaceous material insulator was corrected.

[0084]

(Volume resistivity and breakdown voltage)

Using a high resistance meter ("Agilent 4339B" manufactured by Agilent Technologies, measurement range: 10’Q cm

to 101°Q cm), volume resistivity was measured through a constant voltage application method conforming to JIS

K6911 (double ring electrode) under 5 conditions of applied voltage 0.1 V, 1 V, 10 V, 100 V and 1000 V, in which the

voltage application time was set for 20 seconds, current limit to 500 pA, and at room temperature. In addition, the

dielectric breakdown voltage was investigated from the voltage dependence of the volume resistivity.

[0085]

(Heat conductivity)

The thermal conductivity in the thickness (perpendicular to the flow direction) direction was measured by a steady

state method at a measurement temperature of 40°C (temperature difference between upper and lower sides of 24°C)

using a steady-state thermal conductivity measuring device (“HG-1" manufactured by Ulvac-Riko, Inc.).

[0086]

In addition, the raw materials shown below were used in the embodiments and comparative examples.

[0087]

<Fibrous carbon-based materials>

VGCEF: carbon nanofiber (manufactured by Showa Denko K.K., product name “VGCF,” average diameter 150 nm,
aspect ratio: 50 or higher, G/D value: 9.6).

MWNT-7: multiwalled carbon nanotubes (manufactured by Nanocarbon Technologies, product name: “MWNT-77),
average diameter: 80 nm, aspect ratio: 100 or higher, G/D value: 8).

XN-100-15M: PAN based carbon fiber (manufactured by Nippon Graphite Fiber Co., Ltd., product name: “GRANOC
XN-100-15M,” diameter: 9 pm, length: 150 pm, G/D value: 4.8)
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[0088]

<Cationic polyelectrolyte>

PDADMAC solution: poly (diallyldimethylammonium chloride) solution (manufactured by Aldrich, solid content
concentration 20% by mass, medium molecular weight).

[0089]

<Anionic polyelectrolytes>

PSS solution: poly (4-Styrenesulfonic acid sodium) solution (manufactured by Aldrich, solid content concentration
30% by mass, molecular weight 200,000).

[0090]

<Metal oxide>

Silica: colloidal silica (manufactured by Nissan Chemical Corporation, product name: “SNOWTEX XS,” solid content

concentration 20% by mass) was used.

Titania nanosheet: Titania nanosheet dispersion with a solid content concentration of 1.2% by mass, which is obtained

after a layered titanate (manufactured by ISHIHARA SANGYO KAISHA, LTD., product name: “LU-007,” solid

content concentration 54% by mass) is treated with sulfuric acid and thinned, is completely stripped using

tetrabutylammonium hydroxide, and adjusted to pH9 using hydrochloric acid, was used.

Saponite: Clay nanosheet (synthetic saponite manufactured by KUNIMINE INDUSTRIES CO., LTD., product name:

“Smecton SA”)

[0091]

<Resin>

PA6: nylon 6 (manufactured by UBE Corporation, product name: “UBE Nylon P1011F”).

Epoxy resin: two-liquid mixing type epoxy resin (main agent component (liquid A): bisphenol A epoxy resin, curing

agent component (liquid B): methyl cyclohexene-dicarboxylic anhydride (MTHPA), a curing accelerator (imidazole

compound) was added to liquid B).

[0092]

(Preparation Example 1)

5 g of PDADMAC solution (solid content concentration 20% by mass) and 29.22 g (0.5 mol) of sodium chloride were

added to 1000 g of ion-exchanged water to prepare 0.001 g/g (approximately 0.1% by mass) of PDADMAC solution.

[0093]

(Preparation Example 2)

7 g of PSS aqueous solution (solid content concentration 30% by mass) was added to 1000 g of ion-exchanged water

to prepare 0.0021 g/g (about 0.21% by mass) of PSS aqueous solution.

[0094]

(Preparation Example 3)

50 g of the previously mentioned colloidal silica (solid content concentration 20% by mass) was added to 1000 g of

ion-exchanged water to prepare 0.01 g/g (approximately 1% by mass) of silica water dispersion.

[0095]

(Preparation Example 4)

33 g of the titania nanosheet dispersion (solid concentration: 1.2% by mass) was added to 1000 g of ion-exchanged

water to prepare 0.0004 g/g (about 0.04% by mass) of titania aqueous dispersion.

[0096]

(Preparation Example 5)

4 g of the previously mentioned saponite was added to 1000 g of ion-exchanged water to prepare 0.004 g/g (about

0.4% by mass) of saponite aqueous dispersion.

[0097]

(Reference Examples 1-10)

The fibrous carbon-based material of the type and amount shown in Table 1 was mixed with cationic polymer

electrolyte aqueous solution or ion-exchanged water and stirred by hand, and then ultrasonic treatment (desk ultrasonic

cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillating frequency 45 kHz) was

applied for 20 minutes, and the dispersion state of the dispersion was visually observed. The results are shown in

Table 1. Photographs showing the dispersion state (slurry) are shown in Figs. 1A to 11.
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[0098]
Table 1]
Carbon Material PDADMAC Ton-exchanged Carbon material Exterior appearance
VGCF MWNT-7 Solution Water concentration (g/g) Status Photo
Reference Example 1 10 ¢ - 100 g -- 0.1 Paste-like FIG. 1A
Reference Example 2 8g - 100 g - 0.08 Paste-like FIG. 1B
Reference Example 3 6g -- 100 g -- 0.06 Homogeneous FIG. IC
solution
Reference Example 4 S5g -- 100 g -- 0.05 Homogeneous
solution
Reference Example 5 8g -- -- 100 g 0.08 Agglomeration FIG. ID
state, water and
separation
Reference Example 6 6g -- -- 100 g 0.06 Separation into FIG. IE
two phases
Reference Example 7 - 25¢g 100 g -- 0.025 Paste-like FIG. IF
Reference Example 8 -- 20g 100 g -- 0.02 Homogeneous FIG. 1G
solution
Reference Example 9 -- 25¢g -- 100 g 0.025 Agglomeration FIG. IH
state, water and
separation
Reference Example 10 -- 20g -- 100 g 0.02 Agglomeration FIG. 11
state, water and
separation
[0099]

As is evident from the results shown in Table 1 and Figs. 1A-11, it was confirmed that the presence of PDADMAC
improved the dispersibility of the fibrous carbonaceous material in water when cases using PDADMAC aqueous
solution as a dispersion medium (Reference Examples 1 to 4, 7 to 8) were compared to cases using ion-exchanged
water (Reference Examples 5 to 6, 9 to 10).

[0100]

In addition, it was confirmed that in the PDADMAC aqueous solution, the carbon fiber VGCF was uniformly
dispersed at a concentration of 0.06 g/g or less, and the carbon nanotube MWNT-7 was uniformly dispersed at a
concentration of 0.02 g/g or less. On the other hand, it was confirmed that carbon fibers VGCF and carbon nanotubes
MWNT-7 were dispersed in an aggregated state in ion-exchanged water.

[0101]

(Embodiment A1)

MWNT-7 was subjected to insulation treatment 6 times under the insulation treatment conditions shown in Table 2
according to the flowcharts shown in FIG. 2 — FIG. 5, and a MWNT-7 insulator comprising 6 layers of repeating PSS,
PDADMAC and silica layers was manufactured. The specific manufacturing method is shown below.

[0102]

<First insulation treatment>

(Anionic treatment process)

As shown in FIG. 3, first, MWNT-7 (0.5 g) was added to water (900 g) and dispersed with a homogenizer for 5 minutes
(not shown). The PSS solution (100 g) obtained in Preparation Example 2 was added to this aqueous dispersion, and
dispersion treatment was performed with a homogenizer for 5 minutes to obtain an aqueous dispersion of MWNT-7
with PSS attached. The aqueous dispersion was then vacuum filtered (Whatman filter paper #40).

[0103]

Next, the filter residue obtained by the previously mentioned vacuum filtration is added to water (1000 g) and
dispersed with a homogenizer for 5 minutes; this aqueous dispersion was then filtered under reduced pressure
(Whatman filter paper #40) to remove water and free PSS, and MWNT-7 with attached PSS was collected.

[0104]

(Cationic treatment process)

Next, as shown in FIG. 4, the PSS-attached MWNT-7 was added to water (900 g) and dispersed with a homogenizer
for 5 minutes (not shown). The PDADMAC aqueous solution (100 g) obtained in Preparation Example 1 was added
to this aqueous dispersion and dispersed for 5 minutes with a homogenizer to obtain an aqueous dispersion of MWNT-
7 having a PDADMAC layer. The aqueous dispersion was then vacuum filtered (Whatman filter paper #40).

[0105]

Next, the filter residue obtained by the vacuum filtration was added to water (1000 g), and dispersed with a
homogenizer for 5 minutes; this aqueous dispersion was then vacuum filtered (Whatman filter paper #40) to remove
water and free PDADMAC, and MWNT-7 with a PDADMAC layer was collected.

[0106]
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(Oxide treatment process)

Next, as shown in FIG. 5, MWNT-7 with this PDADMAC layer was added to water (900 g) and dispersed for
5 minutes with a homogenizer (not shown). The aqueous silica dispersion (100 g) obtained in Preparation Example 3
was added to this aqueous dispersion, and dispersed for 5 minutes with a homogenizer to obtain an aqueous dispersion
of MWNT-7 insulator comprising a PDADMAC layer and a silica layer. The aqueous dispersion was then vacuum
filtered (Whatman filter paper #40).

[0107]

Next, the filter residue obtained by the vacuum filtration was added to water (1000 g), and dispersed with a
homogenizer for 5 minutes; the aqueous dispersion was then vacuum filtered (Whatman filter paper #40) to remove
water and free silica, and the MWNT-7 insulator was collected on the filter paper.

[0108]

The surface resistance of the MWNT-7 insulator on the previously mentioned filter paper was measured using a tester
at 5 or more points with an electrode interval of 1 cm. The results are shown in Table 2.

[0109]

<Second insulation treatment>

Next, the MWNT-7 insulation on the filter paper was collected, and a PSS layer, a PDADMAC layer and a silica layer
were sequentially formed on the MWNT-7 insulator (second insulation treatment) in the same manner as above except
that this MWNT-7 insulator was used instead of the previously mentioned MWNT-7. The surface resistance of the
MWNT-7 insulator subjected to the second insulation treatment was measured in the same manner as described above.
The results are shown in Table 2.

[0110]

<Insulation treatment for the third time and thereafter>

This insulation treatment was then repeated, and a MWNT-7 insulator with a total of 6 insulation treatments was
obtained. The surface resistance of this MWNT-7 insulator was measured each time in the same manner as described
above. The results are shown in Table 2.

[0111]

The surface of the MWNT-7 insulator, which had undergone a total of 6 insulation treatments, was observed using a
scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies). The results are shown
in FIGS. 6A and 6B.

[0112]

In addition, the silica and polymer content (total of anionic polymer and cationic polymer) in the MWNT-7 insulator
subjected to the 6 insulation treatments mentioned above was measured by thermogravimetric analysis. The results
are shown in Table 2.

[0113]

(Embodiment A2)

MWNT-7 was subjected to insulation treatment 6 times under the insulation treatment conditions shown in Table 2 to
produce a MWNT-7 insulator having 6 layers each of PDADMAC layers and titania layers alternately in accordance
with the flow chart shown in FIG. 2 and FIGS. 4 to FIG. 5. The specific manufacturing method is shown below.
[0114]

<First insulation process>

(Cationic treatment process)

As shown in FIG. 4, first, MWNT-7 (0.5 g), the PDADMAC aqueous solution (100 g) obtained in Preparation
Example 1 and water (300 g) were mixed, and ultrasonic treatment (desk ultrasonic cleaning machine manufactured
by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was performed for 20 minutes to
obtain an aqueous dispersion of MWNT-7 with a PDADMAC layer. The aqueous dispersion was then vacuum filtered
(Whatman filter paper #40).

[0115]

Next, the filter residue obtained through the previously mentioned vacuum filtration was added to water (400 g), and
ultrasonic treatment (desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used;
oscillation frequency of 45 kHz) was performed for 20 minutes. The aqueous dispersion was then vacuum filtered
(Whatman filter paper #40) to remove water and free PDADMAC to collect MWNT-7 with a PDADMAC layer.
[0116]

(Oxide treatment process)

Next, as shown in FIG. 5, this MWNT-7 with PDADMAC layer was added to water (300 g), and ultrasonic treatment
(desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency
of 45 kHz) was performed for 20 minutes (not shown). The titania aqueous dispersion (100 g) obtained in Preparation
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Example 4 was added to this aqueous dispersion and ultrasonic treatment (desk ultrasonic cleaning machine
manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was performed for
20 minutes to obtain an aqueous dispersion of MWNT-7 insulator with a PDADMAC layer and titania layer. The
aqueous dispersion was then vacuum filtered (Whatman filter paper #40).

[0117]

Next, the filter residue obtained by the previously mentioned vacuum filtration was added to water (400 g), and
ultrasonic treatment (desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used,
oscillation frequency of 45 kHz) was performed for 20 minutes to cause dispersion. This aqueous dispersion was then
vacuum filtered (Whatman filter paper #40) to remove water and free titania, and MWNT-7 insulator was collected
on the filter paper.

[0118]

The surface resistance of the previously mentioned MWNT-7 insulator on the filter paper was measured using a tester
at 5 or more points with an electrode interval of 1 cm. The results are shown in Table 2.

[0119]

<Second insulation process>

Next, the previously mentioned MWNT-7 insulator on the filter paper was collected, and PDADMAC layer and a
titania layer were sequentially formed on the MWNT-7 insulator (second insulation treatment) in the same manner as
above except that this MWNT-7 insulator was used instead of the MWNT-7. The surface resistance of the MWNT-7
insulator subjected to the second insulation treatment was measured in the same manner as described above. The
results are shown in Table 2.

[0120]

<Insulation process for the third time and thereafter>

This insulation treatment was then repeated, and a MWNT-7 insulator with a total of 6 insulation treatments was
obtained. The surface resistance of this MWNT-7 insulator was measured each time in the same manner as described
above. The results are shown in Table 2.

[0121]

The surface of the MWNT-7 insulator, which had undergone a total of 6 insulation treatments, was observed using a
scanning electron microscope (“S-3600N”” manufactured by SEM, Hitachi High Technologies). The results are shown
in FIGS. 7A and 7B.

[0122]

In addition, the content of titania and cationic polymer in the MWNT-7 insulator, which had been subjected to a total
of 6 insulation treatments mentioned previously, was measured by thermogravimetric analysis. The results are shown
in Table 2.

[0123]

(Embodiment A3)

MWNT-7 was subjected to insulation treatment 6 times under the insulation treatment conditions shown in Table 2
according to the flowcharts shown in FIGS. 2 to 5 to manufacture a MWNT-7 insulator comprising 6 repeated layers
each of PSS, PDADMAC, and saponite layers. The specific manufacturing method is shown below.

[0124]

<First insulation process>

(Anionic treatment process)

As shown in FIG. 3, first, MWNT-7 (1.0 g) was added to water (200 g), and ultrasonic treatment (desk ultrasonic
cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was
performed for 20 minutes (not shown). The PSS aqueous solution (200 g) obtained in Preparation Example 2 was
added to this aqueous dispersion, and ultrasonic treatment (desk ultrasonic cleaning machine manufactured by
Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was performed for 20 minutes to obtain
an aqueous dispersion of MWNT-7 with PSS attached. The aqueous dispersion was then vacuum filtered (Whatman
filter paper #40).

[0125]

The filter residue obtained through the previously mentioned vacuum filtration was added to water (400 g) and
subjected to ultrasonic treatment (desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-
220,” was used; oscillation frequency of 45 kHz) for 20 minutes; this aqueous dispersion was filtered under reduced
pressure (Whatman filter paper #40) to remove water and free PSS, and MWNT-7 with PSS attached was collected.
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[0126]

(Cationic treatment process)

Next, as shown in FIG. 4, the PSS-attached MWNT-7 was added to water (200 g), and ultrasonic treatment (desk
ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of
45 kHz) was performed for 20 minutes (not shown). The PDADMAC aqueous solution (200 g) obtained in Preparation
Example 1 was added to this aqueous dispersion, and ultrasonic treatment (desk ultrasonic cleaning machine
manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was performed for
20 minutes to obtain an aqueous dispersion of MWNT-7 with a PDADMAC layer. The aqueous dispersion was then
vacuum filtered (Whatman filter paper #40).

[0127]

The filter residue obtained through the previously mentioned vacuum filtration was then added to water (400 g), and
subjected to ultrasonic treatment (using the desk ultrasonic cleaner “BRANSONIC B-220” manufactured by Branson;
oscillation frequency of 45 kHz) for 20 minutes; this aqueous dispersion was then vacuum filtered (Whatman filter
paper #40) to remove water and free PDADMAC to collect MWNT-7 provided with a PDADMAC layer.

[0128]

(Oxide treatment process)

Next, as shown in FIG. 5, this MWNT-7 with the PDADMAC layer was added to water (200 g), and ultrasonic
treatment (desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation
frequency of 45 kHz) was performed for 20 minutes (not shown). Saponite aqueous dispersion (200 g) obtained in
Preparation Example 5 was added to this aqueous dispersion, and ultrasonic treatment (desk ultrasonic cleaning
machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) was
performed for 20 minutes to obtain an aqueous dispersion of MWNT-7 insulator comprising a PDADMAC layer and
a saponite layer. The aqueous dispersion was then vacuum filtered (Whatman filter paper #40).

[0129]

The filter residue obtained through the previously mentioned vacuum filtration was then added to water (400 g) and
subjected to ultrasonic treatment (desk ultrasonic cleaning machine manufactured by Branson, “BRANSONIC B-
220,” was used; oscillation frequency of 45 kHz) for 20 minutes; this aqueous dispersion was vacuum filtered
(Whatman filter paper #40) to remove water and free saponite, and the MWNT-7 insulator was collected on the filter
paper.

[0130]

The surface resistance of the MWNT-7 insulator on the previously mentioned filter paper was measured using a tester
at 5 or more points with an electrode interval of 1 cm. The results are shown in Table 2.

[0131]

<Second insulation process>

Next, previously mentioned MWNT-7 insulation on the filter paper was collected, and a PSS layer, a PDADMAC
layer and a saponite layer were sequentially formed on the MWNT-7 insulator (second insulation treatment) in the
same manner as above except that this MWNT-7 insulator was used instead of the MWNT-7. The surface resistance
of the MWNT-7 insulator subjected to the second insulation treatment was measured in the same manner as described
above. The results are shown in Table 2.

[0132]

(Insulation process after the third time and thereafter)

After that, this insulation treatment was repeated to obtain a MWNT-7 insulator subjected to a total of 6 insulation
treatments. The surface resistance of this MWNT-7 insulator was measured each time in the same manner as described
above. The results are shown in Table 2.

[0133]

The surface of the MWNT-7 insulator, which had undergone a total of 6 insulation treatments, was observed using a
scanning electron microscope (“S-3600N”” manufactured by SEM, Hitachi High Technologies). The results are shown
in FIGS. 8A and 8B.

[0134]

In addition, the saponite and polymer contents (total of anionic polymer and cationic polymer) in the MWNT-7
insulator subjected to the above 6 insulation treatments were measured by thermogravimetric analysis. The results are
shown in Table 2.
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[0135]

(Comparative example A1)

<Washing treatment>

MWNT-7 (0.5 g) and water (400 g) were mixed and subjected to ultrasonic treatment (desk ultrasonic cleaning
machine manufactured by Branson, “BRANSONIC B-220,” was used; oscillation frequency of 45 kHz) for 20 minutes
to obtain an aqueous dispersion of MWNT-7. This aqueous dispersion was then filtered under reduced pressure
(Whatman filter paper #40) to remove water, and MWNT-7 was collected on the filter paper. The surface resistance
of the MWNT-7 insulator on the previously mentioned filter paper was measured using a tester at 5 or more points
with an electrode interval of 1 cm. The results are shown in Table 2.

[0136]

The washing treatment was repeated 6 times in total, and the surface resistance was measured each time. The results
are shown in Table 2. The surface of the MWNT-7 insulator, which had undergone a total of 6 insulation treatments,
was observed using a scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies).
The results are shown in FIGS. 9A and 9B. In addition, Table 2 shows the results of thermogravimetric analysis of
MWNT-7 that has been subjected to a total of 6 washing treatments.

[0137]

(Comparative example A2)

MWNT-7 was subjected to 6 insulation treatments (anionic treatment and oxide treatment) to produce a MWNT-7
insulator with a silica layer in the same manner as in Embodiment A1 except that cationic treatment was not performed
to manufacture a MSNT-7 with a silica layer. The surface resistance of this MWNT-7 insulator was measured each
time in the same manner as in Embodiment A1. The results are shown in Table 2.

[0138]

The surface of the MWNT-7 insulator, which had undergone a total of 6 insulation treatments, was observed using a
scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies). The results are shown
in FIGS. 10A and 10B.

[0140]
Table 2]
Embodiment A1 Embodiment A2 Embodiment A3 Comparative Comparative
Example A1 Example A2
Fibrous carbon material MWNT-7 (0.5g) MWNT-7 (0.5 g) MWNT-7 (1.0 g) MWNT-7 (0.5 g) MWNT-7 (0.5 g)
Anionic polyelectrolytes aqueous PSS aqueous PSS aqueous PSS aqueous
solution solution (100 g) B solution (200 g) B solution (100 g)
Water (anionic treatment process) 900 g - 200 g - 900 g
Stirring process (anionic treatment Homogenizer Ultrasonic treatment Homogenizer
process) (5 minutes) B (45 kHz, 20 minutes) B (5 minutes)
Cationic polyelectrolytes aqueous | PDADMAC aqueous | PDADMAC aqueous | PDADMAC aqueous
solution solution (100 g) solution (100 g) solution (200 g) B B
Water (cationic treatment process) 900 g 300 g 200 g - -
Stirring process (cationic treatment Homogenizer Ultrasonic treatment Ultrasonic treatment
process) (5 minutes) (45 kHz, 20 minutes) | (45 kHz, 20 minutes) B B
Oxide aqueous dispersion i Siliga water Titanig aqueous S'aponi'tc aqueous ~ i Siliga water
dispersion (100 g) dispersion (100 g) dispersion (200 g) dispersion (100 g)
Water (oxide aqueous dispersion) 900 g 300 g 200 g - 900 g
Stirring process (oxide aqueous Homogenizer Ultrasonic treatment Ultrasonic treatment Homogenizer
dispersion) (5 minutes) (45 kHz, 20 minutes) | (45 kHz, 20 minutes) - (5 minutes)
1% time 470-700 Q 30-50 Q 10-20 kQ 23-39Q 7.2-16 Q
Surface 2™ time 6-14 kQ 4.6-7.5kQ 200-800 kQ 32-40 Q 9.6-15Q
resistance after | 3" time 1.3-1.8 MQ 0.8-1.0 MQ 0.6-1.5 MQ 20-27Q 4.5-23 Q
insulation 4h time 0.8-2.2 MQ 1.1-1.5 MQ 2.2-3.0 MQ 2041 Q 1927 Q
treatment 5% time 1.7-2.8 MQ 3.9-7.1 MQ 3.2-4.5 MQ 23-330 17-28 Q
6™ time 1.6-2.0 MQ 5-10 MQ 4.1-8.0 MQ 23-350Q 21-30 Q
Polymer content (total of anionic
polymer and cationic polymer) 44 3.6 5.7 0 1.8
[mass %]
Content of metal oxides [mass %] 59.6 30.5 76.1 (MWNTl—;)residue) 33

[0141]

As is evident from the results shown in Table 2 and FIGS. 6A to 10B, fibrous carbon-based material insulators of the
present invention in which an anionic polymer layer, a cationic polymer layer, and an oxide layer are repeatedly formed
(Embodiments A1 and A3) and the fibrous carbon-based material insulator of the present invention, in which cationic
polymer layers and oxide layers are alternately formed (Embodiment A2) have less cohesion between the insulators,
and it was confirmed that a uniform insulating coating was formed on the surface. Moreover, it was confirmed that
the surface resistance was large and the insulation was excellent.
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[0142]

On the other hand, the fibrous carbon-based material insulator (Comparative Example A2) in which anionic polymer
layers and oxide layers (silica layers) were alternately formed had almost no oxide layers. In addition, the surface
resistance was about the same as that of the fibrous carbon-based material (Comparative Example A1) that was only
washed.

[0143]

(Embodiment B1)

The MWNT-7 insulator (titania layer) obtained in Embodiment A2 and water were mixed to prepare an aqueous
dispersion having a MWNT-7 insulator concentration of 1.25 mg/mg. 340 g of this aqueous dispersion (MWNT-7
insulator amount: about 0.42 g) was weighed into a beaker, the water in the aqueous dispersion was frozen by liquid
nitrogen and placed in a vacuum dryer, and the MWNT-7 insulator (titania layer) was freeze-dried by vacuum
treatment. Table 3 shows the results of visual observation of this freeze-dried MWNT-7 insulator (titania layer).
[0144]

(Reference Example B1)

340 g of the aqueous dispersion of MWNT-7 insulator (titania layer) prepared in the same manner as in
Embodiment B1 (MWNT-7 insulator amount: about 0.42 g) was weighed into a beaker and placed in a hot air dryer,
and the previously mentioned MWNT-7 insulator (titania layer) was dried with hot air at 80°C for 12 hours. Table 3
shows the results of visual observation of the hot-air dried MWNT-7 insulator (titania layer).

[0145]

(Embodiment B2)

340 g of the aqueous dispersion of MWNT-7 insulator (titania layer) prepared in the same manner as in
Embodiment B1 (MWNT-7 insulator amount: about 0.42 g) and 22.58 g of PA6 powder were weighed in a beaker and
mixed; this was subjected to decompression treatment in the same manner as in Embodiment B1, and a mixture of the
previously mentioned MWNT-7 insulator (titania layer) and PA6 (PA6:MWNT-7 insulator = 100:1 (volume ratio))
was freeze-dried. Table 3 shows the results of visual observation of this freeze-dried mixture.

[0146]

(Reference Example B2)

An aqueous dispersion containing about 0.42 g of MWNT-7 insulator (titania layer) and 22.58 g of PA6 powder was
prepared in the same manner as in Embodiment B2, and placed in a hot air dryer; the mixture of the previously
mentioned MWNT-7 insulator (titania layer) and PA6 (PA6:MWNT-7 insulator = 100:1 (volume ratio)) was dried with
hot air in the same manner as in Reference Example B1. Table 3 shows the results of visual observation of the hot-air
dried mixture.

[0147]

(Reference Example B3)

205 g of an aqueous dispersion of MWNT-7 insulator (titania layer) prepared in the same manner as in Embodiment B1
(MWNT-7 insulator amount: about 0.26 g), 13.54 g of PA6 powder, and 28.80 g of alumina were measured into a
beaker and mixed; this was subjected to decompression treatment in the same manner as in Embodiment B1. A mixture
of the previously mentioned MWNT-7 insulator (titania layer), PA6 and alumina (PA6: MWNT-7 insulator = 100:1
(volume ratio), PA6 + alumina: MWNT-7 insulator = 100:0.6 (volume ratio)) were freeze-dried. Table 3 shows the
results of visual observation of this freeze-dried mixture.

[0148]

(Reference Example B3)

An aqueous dispersion containing approximately 0.26 g of MWNT-7 insulator (titania layer), 13.54 g of PA6 powder,
and 28.80 g of alumina was prepared in the same manner as in Embodiment B3, and was placed in a hot air dryer. A
mixture of the previously mentioned MWNT-7 insulator (titania layer), PA6 and alumina (PA6: MWNT-7 insulator =
100:1 (volume ratio) and PA6 + alumina: MWNT-7 insulator = 100:0.6 (volume ratio)) were dried with hot air in the
same manner as Reference Example B1. Table 3 shows the results of visual observation of the hot-air dried mixture.
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[0149]
Table 3]
Embodiment Reference Embodiment Reference Embodiment Reference

Bl Example Bl B2 Example B2 B3 Example B3
MWNT-7 Insulator [g] Approximately 0.42 Approximately 0.42 Approximately 0.42
PA6 Powder [g] -- 22.58 13.54
Alumina [g] -- 28.8
Drying treatment Freeze-dry Hot air dry Freeze-dry Hot air dry Freeze-dry Hot air dry

A small
. Presence of
. Bulky linear Hard plate-like amount of aggregated Homogeneous Homogeneous
Appearance of solid after MWNT-7 MWNT—7 agglomerated MWNT-7 solid (casily solid (casily
drying . insulator MWNT-7 . .
insulator . . insulators in broken) broken)
aggregates insulator in the .
solid solids

[0150]

As is clear from the results shown in Table 3, it was confirmed that aggregation of the fibrous carbon-based material
insulator was suppressed when the fibrous carbon-based material insulating material of the present invention or a
resin-blended material thereof was freeze-dried (Embodiments B1 and B2) compared to the case of drying with hot
air (Reference Examples B1 to B2). In addition, it was confirmed that aggregation of the fibrous carbon-based material
insulator was suppressed when a fibrous carbon-based material insulation compounded with a resin or a filler was
freeze-dried (Embodiments B2-B3) or hot-air dried (Reference Examples B2-B3) compared to the case where the
fibrous carbon-based material insulator was freeze-dried (Embodiment B1) or hot-air dried (Reference Example B1).
[0151]

(Embodiment B4)

About 0.42 g of the freeze-dried MWNT-7 insulator (titania layer) obtained in Embodiment B1 and 22.58 g of PA6
powder were mixed, and a PA6 composition was prepared using a single screw continuous kneading extruder ("MINI-
MAX" manufactured by CSI) by kneading under the conditions of a set temperature of 260°C, a discharge rate of
about 2 ml/min, and a screw rotation speed of 100 rpm. The PA6 composition obtained was press-molded into a film
(about 100 pum thick) under the conditions of 250°C, 2 MPa pressure, and 5 minutes of molding time. The dispersion
state of the MWNT-7 insulator was observed visually through the obtained film through the light. The results are
shown in Table 4.

[0152]

(Reference Example B4)

A film was produced in the same manner as in Embodiment B4 except for using about 0.42 g of the hot-air dried
product of the MWNT-7 insulating material (titania layer) obtained in Reference Example B1 instead of the freeze-
dried product of the MWNT-7 insulating material (titania layer), and the dispersion state of the MWNT-7 insulator
was visually observed. The results are shown in Table 4.

[0153]

(Embodiment B5)

A film was produced in the same manner as in Embodiment B4 except that the freeze-dried mixture (MWNT-7
insulator (titania layer) + PA6) obtained in Embodiment B2 was used instead of the mixture of the freeze-dried
MWNT-7 insulator (titania layer) and PA6, and the dispersion state of the MWNT-7 insulator was visually observed.
The results are shown in Table 4.

[0154]

(Reference Example B5)

A film was produced in the same manner as in Embodiment B4 except that the hot air-dried mixture (MWNT-7
insulator (titania layer) + PA6) obtained in Reference Embodiment B2 was used instead of the freeze-dried mixture
(MWNT-7 insulator (titania layer) + PA6), and the dispersion state of the MWNT-7 insulator was visually observed.
The results are shown in Table 4.

[0155]

(Embodiment B6)

A film was produced in the same manner as in Embodiment B4 except that the freeze-dried mixture (MWNT-7
insulator (titania layer) + PA6 + alumina) obtained in Embodiment B3 was used instead of the mixture of the freeze-
dried MWNT-7 insulator (titania layer) and PA6, and the dispersion state of the MWNT-7 insulator was visually
observed. The results are shown in Table 4.
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[0156]

(Reference Example B6)

A film was produced in the same manner as in Example B4 except that the hot air-dried mixture (MWNT-7 insulator
(titania layer) + PA6 + alumina) obtained in Reference Embodiment B3 was used instead of the freeze-dried mixture
(MWNT-7 insulator (titania layer) + PA6 + alumina), and the dispersion state of the MWNT-7 insulator was visually

observed. The results are shown in Table 4.

[0157]
Table 4]

Embodiment B4

Reference Example B4

Embodiment B5

Reference Example B5

Embodiment B6

Reference Example B6

Film raw material

Freeze-dried item of
MWNT-7

Hot air-dried item of
MWNT-7 insulator

PAG6

PAG6

Freeze-dried mixture
(MWNT-7 insulator +
PA6)

Hot air-dried mixture
(MWNT-7 insulator +
PA6)

Freeze-dried mixture
(MWNT-7 insulator +
PAG)

Hot air-dried mixture
(MWNT-7 insulator +
PA6)

Dispersion  state  of
MWNT-7 insulator in
film

Small amount of fine
MWNT-7 insulator
aggregates are
scattered

Coarse MWNT-7
insulator aggregates
are scattered

No MWNT-7 insulator
aggregates can be
observed visually

Small amount of fine
MWNT-7 insulator
aggregates are
scattered

No MWNT-7 insulator
aggregates can be
observed visually

Small amount of fine
MWNT-7 insulator
aggregates are
scattered

[0158]

As is clear from the results shown in Table 4, it was confirmed that dispersibility of the insulating fibrous carbon-
based material in the resin was improved in the case of freeze-drying the fibrous carbon-based material insulator of
the present invention or a mixture thereof with a resin or filler (Embodiments B4 to B6) compared to the case of drying
them with hot air (Reference Examples B4 to B6). In addition, it confirmed that the dispersibility of the insulating
fibrous carbon-based material in the resin was improved when a fibrous carbon-based material insulator blended with
a resin or filler was freeze-dried (Embodiments B5-B6) or hot-air dried (Reference Examples B5-B6) compared to the
case where the fibrous carbon-based material insulator was freeze-dried (Embodiments B4) or hot-air dried (Reference
Example B4).

[0159]

(Embodiment C1)

99.5 pts. mass of epoxy resin and 0.5 pts. mass of freeze-dried MWNT-7 insulator (titania layer) obtained in the same
manner as in Embodiment B1 were kneaded using a vacuum-type rotation mixer ("ARV-200AJ" manufactured by
Thinky) under the conditions of rotation 100 rpm, revolution 2000 rpm, degree of vacuum 5 torr, and stirring time of
10 minutes to prepare an epoxy resin composition. This epoxy resin composition was press molded under conditions
of a temperature of 150°C, a pressure of 2 MPa, and a molding time of 20 minutes to prepare an epoxy resin composite
(80 mm x 80 mm x 3 mm). Further, this epoxy resin composite material was left for 5 hours in a hot air dryer heated
to 150°C to perform a secondary curing treatment.

[0160]

The volume resistivity, dielectric breakdown voltage and thermal conductivity of the obtained epoxy resin composite
were measured according to the measurement methods described above. The results are shown in Table 5.

[0161]

(Embodiment C2)

The MWNT-7 insulator (saponite layer) was freeze-dried in the same manner as in Embodiment B1 except for using
the MWNT-7 insulator (saponite layer) obtained in Embodiment A3 instead of the MWNT-7 insulator (titania layer)
obtained in Embodiment A2.

[0162]

An epoxy resin composite (80 mm x 80 mm % 3 mm) was produced in the same manner as in Embodiment C1 except
for using 0.5 pts. mass of the freeze-dried MWNT-7 insulator (saponite layer) instead of the freeze-dried MWNT-7
insulator (titania layer). The volume resistivity, dielectric breakdown voltage and thermal conductivity of the obtained
epoxy resin composite were measured according to the above measuring methods. The results are shown in Table 5.
[0163]

(Comparative example C1)

An epoxy resin molding (80 mm x 80 mm x 3 mm) was produced in the same manner as in Embodiment C1 except
that no MWNT-7 insulator was used. The volume resistivity, dielectric breakdown voltage and thermal conductivity
of the obtained epoxy resin molding were measured according to the measurement methods described above. The
results are shown in Table 5.

[0164]

(Comparative examples C2 — C3)

An epoxy resin composite (80 mm x 80 mm X 3 mm) was produced in the same manner as in Embodiment C1 except
for using the amount of MWNT-7 shown in Table 5 instead of the freeze-dried item of the MWNT-7 insulator (titania
layer). The volume resistivity, dielectric breakdown voltage and thermal conductivity of the obtained epoxy resin
composite were measured according to the above measuring methods. The results are shown in Table 5.
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[0165]
Table 5]
. . Comparative Comparative Comparative
Embodiment C1 | Embodiment C2 Exampple c1 Exa n‘i ple C2 Exarﬁple 3
Epoxy resin [pts. mass] 99.5 99.5 100 99.5 97
Fibrous carbon | Embodiment A2 0.5 -- -- -- --
material insulator | (titania layer)
[pts. mass] Embodiment A3 - 0.5 -
(saponite layer)
MWNT-7 [pts. Mass] - - - 0.5 3
Volume resistivity [Q - cm] 1013-10% 1015 105 107 107
Breakdown voltage [V] 1000 1000 1000 V or 1 1
higher
Thermal conductivity [Wm/K] 0.289 0.276 0.201 0.285 0.780

[0166]

As is clear from the results shown in Table 5, it was confirmed that epoxy resin composites (Embodiments C1 and
C2) containing the fibrous carbon-based material insulator of the present invention have excellent thermal conductivity
compared to the epoxy resin molded article (Comparative Example C1) that does not contain the fibrous carbon-based
material insulator of the present invention, and that it has high volume resistivity and dielectric breakdown voltage,
and excellent insulation compared to epoxy resin composites containing fibrous carbon-based materials (Comparative
Examples C2-C3).

[0167]

(Embodiment D1)

XN-100-15M was subjected to 2 insulation treatments under the insulation treatment conditions shown in Table 6 in
accordance with the flow chart shown in FIGS. 2 to 5, and an XN-100-15M insulator was manufactured with 1 PSS
layer and 2 alternating PDADMAC and silica layers. The specific manufacturing method is shown below.

[0168]

<First insulation process>

(Anionic treatment process)

As shown in FIG. 3, first, XN-100-15M (15 g) was added to a PSS aqueous solution (100 g), and was stirred with a
magnetic stirrer (300 rpm) for 20 minutes to obtain an aqueous dispersion of XN-100-15M with PSS attached. This
aqueous dispersion was then centrifuged (12,000 rpm, 30 minutes).

[0169]

Next, the solid content obtained by the centrifugation was added to water (300 g) and then centrifuged (12,000 rpm,
30 minutes). This procedure was performed 3 times in total, and XN-100-15M with PSS attached was collected.
[0170]

(Cationic treatment process)

Next, as shown in FIG. 4, this PSS-attached XN-100-15M was added to the PDADMAC aqueous solution (100 g)
obtained in Preparation Example 1 and was stirred with a magnetic stirrer (300 rpm) for 20 minutes to obtain an
aqueous dispersion of XN-100-15M with PSS attached. This aqueous dispersion was then centrifuged (12,000 rpm,
30 minutes).

[0171]

Next, the solid content obtained by the centrifugation was added to water (300 g) and then centrifuged (12,000 rpm,
30 minutes). This procedure was performed 3 times in total, and XN-100-15M with the PDADMAC layer was
collected.

[0172]

(Oxide treatment process)

Next, XN-100-15M provided with this PDADMAC layer was added to the aqueous silica dispersion (100 g) obtained
in Preparation Example 3 and stirred with a magnetic stirrer (300 rpm) for 20 minutes to obtain an aqueous dispersion
of XN-100-15M insulator comprising a PDADMAC layer and a silica layer. This aqueous dispersion was then
centrifuged (12,000 rpm, 30 minutes).

[0173]

Next, the solid content obtained by the centrifugation was added to water (300 g) and then centrifuged (12,000 rpm,
30 minutes). This procedure was performed 3 times in total, the solid content was dispersed in water (300 g). The
aqueous dispersion was then vacuum filtered (Whatman filter paper #40) to remove water and free silica and the XN-
100-15M insulation was collected on the filter paper.
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[0174]

<Second insulation process>

Next, the previously mentioned XN-100-15M insulation was collected on the filter paper, and a PDADMAC layer
and a silica layer were sequentially formed on the XN-100-15M insulator in the same manner as above (second
insulation treatment) except that this XN-100-15M insulator was used in place of the XN-100-15M and no anionic
treatment was performed.

[0175]

The surface of the XN-100-15M insulator that had been subjected to the insulation treatment twice in total was
observed using a scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies). The
results are shown in FIG. 11.

[0176]

<Production of PA6 composites>

40 pts. mass (converted to 25.5% by volume) of the XN-100-15M insulator (insulation treatment 2 times) and 60 pts.
mass of nylon 6 were kneaded using a single screw continuous kneading extruder ("NINI-MAX" manufactured by
CSI) under the conditions of a set temperature of 260°C, a discharge rate of about 2 ml/min, and a screw rotation
speed of 100 rpm to prepare a PA6 composition. This PA6 composition was press molded under conditions of a
temperature of 250° C, a pressure of 2 MPa, and a molding time of 5 minutes to produce a PA6 composite material
(80 mm x 80 mm x 3 mm). The volume resistivity, dielectric breakdown voltage and thermal conductivity of the PA6
composite material obtained were measured according to the measurement methods described above. The results are
shown in FIG. 6.

[0177]

(Embodiment D2)

An XN-100-15M insulator comprising one PSS layer and three alternating PDADMAC and silica layers was
manufactured in the same manner as in Embodiment D1 except the number of insulation treatments was changed to
3 times in total, and the third insulation treatment was performed in the same way as the second insulation treatment.
The surface of the XN-100-15M insulator that had been subjected to the insulation treatment 3 times in total was
observed using a scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies). The
results are shown in FIG. 12.

[0178]

A PA6 composite material (80 mm x 80 mm x 3 mm) was produced in the same manner as in Embodiment D1 except
for using 40 pts. mass (converted to 25.5% by volume) of the XN-100-15M insulator (insulation treatment 3 times)
instead of the XN-100-15M insulator (insulation treatment 2 times). The volume resistivity, dielectric breakdown
voltage and thermal conductivity of the resulting PA6 composite material were measured according to the
measurement methods described above. The results are shown in Table 6.

[0179]

(Embodiment D3)

An XN-100-15M insulator comprising one PSS layer and 5 alternating PDADMAC and silica layers was
manufactured in the same manner as in Embodiment D1 except that the number of insulation treatments was changed
to 5 times in total, and the 3rd to 5th insulation treatments were performed in the same way as the 2nd insulation
treatment. The surface of the XN-100-15M insulator that had been subjected to the insulation treatment 5 times in
total was observed using a scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High
Technologies). The results are shown in FIG. 13.

[0180]

A PA6 composite material (80 mm x 80 mm x 3 mm) was produced in the same manner as in Embodiment D1 except
for using 40 pts. mass (converted to 25.5% by volume) of the XN-100-15M insulator (insulation treatment 5 times)
instead of the XN-100-15M insulator (insulation treatment 2 times). The volume resistivity, dielectric breakdown
voltage and thermal conductivity of the resulting PA6 composite material were measured according to the
measurement methods described above. The results are shown in FIG. 6.

[0181]

(Embodiment D4)

An XN-100-15M insulator comprising one PSS layer and 10 alternating PDADMAC and silica layers was
manufactured in the same manner as in Example D1 except that the number of insulation treatments was changed to
10 times in total, and the 3rd to 10th insulation treatments were performed in the same way as the second insulation
treatment. The surface of the XN-100-15M insulator that had undergone the insulation treatment 10 times in total was
observed using a scanning electron microscope (“S-3600N” manufactured by SEM, Hitachi High Technologies). The
results are shown in FIG. 14.
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[0182]

A PA6 composite material (80 mm x 80 mm % 3 mm) was produced in the same manner as in Embodiment D1 except
for using 40 pts. mass (converted to 25.5% by volume) of the XN-100-15M insulator (insulation treatment 10 times)
instead of the XN-100-15M insulator (insulation treatment 2 times). The volume resistivity, dielectric breakdown
voltage and thermal conductivity of the resulting PA6 composite material were measured according to the
measurement methods described above. The results are shown in Table 6.

[0183]

(Comparative Example D1)

A PA6 molded body (80 mm x 80 mm X 3 mm) was produced in the same manner as in Embodiment D1 except no
XN-100-15M insulation was used. The volume resistivity, dielectric breakdown voltage and thermal conductivity of
the obtained PA6 molded body were measured according to the measurement methods described above. The results
are shown in Table 7.

[0184]

(Comparative example D2)

A PA6 composite material (80 mm x 80 mm % 3 mm) was produced in the same manner as in Embodiment D1 except
for using 40 pts. mass (converted to 25.5% by volume) of XN-100-15M instead of the XN-100-15M insulator
(insulation treatment 2 times). The volume resistivity, dielectric breakdown voltage and thermal conductivity of the
resulting PA6 composite material were measured according to the measurement methods described above. The results
are shown in Table 7. The results of observing the surface of XN-100-15M using a scanning electron microscope (“S-

3600N” manufactured by SEM, Hitachi High Technologies) are shown in FIG. 15.

[0185]
Table 6]
Embodiment D1 Embodiment D2 Embodiment D3 Embodiment D4
Fibrous carbon material XN-100-15M XN-100-15M XN-100-15M XN-100-15M
(15¢) (15¢) (15¢) (15¢)
Anionic polyelectrolytes aqueous solution PSS aqueous PSS aqueous PSS aqueous PSS aqueous
solution solution solution solution
(100 g) (100 g) (100 g) (100 g)
Stirring  treatment  (anionic  treatment Magnetic stirrer Magnetic stirrer Magnetic stirrer Magnetic stirrer
process) (20 minutes) (20 minutes) (20 minutes) (20 minutes)

Cationic polyelectrolytes aqueous solution | PDADMAC aqueous | PDADMAC aqueous | PDADMAC aqueous | PDADMAC aqueous
solution (100 g) solution (100 g) solution (100 g) solution (100 g)
Stirring  treatment  (cationic  treatment Magnetic stirrer Magnetic stirrer Magnetic stirrer Magnetic stirrer
process) (20 minutes) (20 minutes) (20 minutes) (20 minutes)
Oxide aqueous dispersion Silica aqueous Silica aqueous Silica aqueous Silica aqueous
dispersion (100g) dispersion (100g) dispersion (100g) dispersion (100g)
Stirring  treatment  (oxide  treatment Magnetic stirrer Magnetic stirrer Magnetic stirrer Magnetic stirrer
process) (20 minutes) (20 minutes) (20 minutes) (20 minutes)
Number of times of insulation treatment 2 times 3 times 5 times 10 times
Insulator content in composition [mass%] 40 40 40 40
Volume resistivity [Q - cm] 103 103 108 100
Breakdown voltage [V] 10 10 100 100
Thermal conductivity [Wm/K] 0.53 0.55 0.53 0.56
[0186]
Table 7]
Comparative Example DI | Comparative Example D2
Fibrous carbon material -- XN-100-15M
Anionic polyelectrolytes aqueous solution -- --
Stirring treatment (anionic treatment process) -- --
Cationic polyelectrolytes aqueous solution -- --
Stirring treatment (cationic treatment process) -- --
Oxide aqueous dispersion -- --
Stirring treatment (oxide treatment process) -- --
Number of times of insulation treatment -- 0 times
Insulator content in composition [mass%| 0 40
Volume resistivity [Q - cm] 10" 10°
Breakdown voltage [V] 1000 or higher 10
Thermal conductivity [Wm/K] 0.22 0.52
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[0187]

As is clear from the results shown in FIGS. 11 to 14, a uniform insulating film was formed on the surface of the carbon

fiber by the insulating treatment, and it was confirmed that the insulating film tended to become thicker as the number

of insulating treatments increased.

[0188]

As is clear from the results shown in Tables 6-7, when the carbon fiber insulator of the present invention was used

(Embodiments D1 to D4), the resin composite material had a high-volume resistivity, which tended to increase as the

number of insulation treatments increased. In addition, the dielectric breakdown voltage also showed a tendency to

increase, and it was confirmed that the insulation is excellent. On the other hand, when carbon fibers that were not

subjected to insulation treatment were used (Comparative Example D2), the resin composite material had a low

volume resistivity and poor insulation.

[0189]

Furthermore, it was confirmed that the resin composite materials using the carbon fiber insulator of the present

invention (Embodiments D1 to D4) maintained the thermal conductivity as when using carbon fiber without insulation

treatment (Comparative Example D2)

[Industrial applicability]

[0190]

As explained above, according to the present invention, it is possible to form an insulating coating on the surface of a

fibrous carbon-based material by the alternate adsorption method, and a fibrous carbon-based material insulator with

an arbitrary insulation level and excellent dispersibility can be manufactured.

[0191]

Therefore, the resin composite material containing the fibrous carbon-based material insulator of the present invention

is useful as resins for printed circuit boards, housings for electrical and electronic parts, coil sealing materials,

materials for motors, and parts for heat exchangers such as radiators because it has high insulation and at least thermal

conductivity is maintained.

[0192]

[Brief Description of the Drawings]

[FIG. 1A] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 1.

[FIG. 1B] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 2.

[FIG. 1C] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 3.

[FIG. 1D] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 5.

[FIG. 1E] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 6.

[FIG. 1F] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 7.

[FIG. 1G] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 8.

[FIG. 1H] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 9.

[FIG. 11] Photograph showing a slurry (colloid) of a fibrous carbon-based material obtained in Reference Example 10.

[FIG. 2] Process Chart showing an example of the method to manufacture fibrous carbon-based material insulator of
the present invention.

[FIG. 3] Process Chart showing an example of an anionic treatment method in the method to manufacture fibrous
carbon-based material insulator of the present invention.

[FIG. 4] Process Chart showing an example of a cationic treatment method in the method to manufacture fibrous
carbon-based material insulator of the present invention.

[FIG. 5] Process Chart showing an example of an oxide treatment method in the method to manufacture fibrous
carbon-based material insulator of the present invention.

[FIG. 6A] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in

Embodiment Al.

[FIG. 6B] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Embodiment Al.

[FIG. 7A] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Embodiment A2.

[FIG. 7B] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Embodiment A2.

[FIG. 8A] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Embodiment A3.

[FIG. 8B] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Embodiment A3.

28
Samsung Ex. 1013, Page 28 of 94
Samsung Electronics Co., Ltd., et al. v. Molecular Rebar Design, LLC
IPR2025-00355



(€2

JP2009-235650 A 2009.10.15

[FIG. 9A] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Comparative Example Al.
[FIG. 9B] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Comparative Example Al.
[FIG. 10A] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Comparative Example A2.
[FIG. 10B] Electron micrograph showing the surface state of the carbon nanotube insulator obtained in
Comparative Example A2.
[FIG. 11] Electron micrograph showing the surface state of the carbon fiber insulator (insulation treatment 2 times)
obtained in Embodiment D1.
[FIG. 12] Electron micrograph showing the surface state of the carbon fiber insulator (insulation treatment 3 times)
obtained in Embodiment D2.
[FIG. 13] Electron micrograph showing the surface state of the carbon fiber insulator (insulation treatment 5 times)
obtained in Embodiment D3.
[FIG. 14] Electron micrograph showing the surface state of the carbon fiber insulator (insulation treatment 10 times)
obtained in Embodiment D4.
[FIG. 15] Electron micrograph showing the surface state of the carbon fiber used in Comparative Example D2.
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[FIG. 4] [FIG. 5]
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[FIG. 1A]
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[FIG. 1B]

[FIG. 1C]
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[FIG. 1D]

[FIG. 1E]
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[FIG. 1F]

[FIG. 1G]
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[FIG. 1H]

[FIG. 11]
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[FIG. 6A]

[FIG. 6B]
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[FIG. 7A]

[FIG. 7B]
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[FIG. 8A]

[FIG. 8B]
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[FIG. 9A]

[FIG. 9B]
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[FIG. 10A]

[FIG. 10B]
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[FIG. 11]

[FIG. 12]
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[FIG. 13]

[FIG. 14]
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[FIG. 15]
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CRd, CORHMAOHEHEUMEHMLIEZEMWNT — 70X EERE FHME (SEM

() BINAT 27/ 0V —X8MTS—3600NJ) ZHVWTBELE, TOMESR
KMOABXUI9OBILRT, £z, HiacGat 6 BMOEHLHEZELZMWNT —71DWVWT
BEEOMEERMLUILERZELE2ICRT,

[0137]

(Lbd il A 2)

AFF VUM EBRE D > U IEEMMBA 1 EREBEICLT, MWNT — 71C 6 [\ 0O
B (7oA BB UOBEOLE) 2L, YV ABEMASMWNT — 7 &M
FEIE L, COMWNT —7#HBEDMICTOVWTELHMHE A 1 LEMICLTEET EICEM
B EZME LR, ZTOHBEEEL2ICRT,

[0138]

COEFH6ROHMBLAEZHBLEMWNT —7HEWoXEHEERE FHEME (SEM

() BINAT 27/ 0V —X8MTS—3600NJ) ZHVWTEBELE, TOMESE
1O0ABXUC10BILTKT,

[0139]

T, MidBet6oBOMBUMEPBmLULZMWNT —7H#HEBEMPO ) ABXUCT =4V
HRVS—BFEREZAEEINICEXOIWME L, TOMBEEEL2ICRT,

[0140]
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AFA VRV —|BEBEYE L 2D KUE KX A5 H O M HEIR R E R MR
W (EffIA 1. A3) BEXUAFAUVMERIT—BLBIEYELEZZHIEREELA
FHPOMMEIRRERZM MBS (EGEHA2) . HEYWRLORENDEL, ZOEMH
KRB EENER I N TS PRI NE, £/, EHEHPAKEL, Mg
HICENDZLOTHB LW ERINTE,

[01 42]

— N, 7oA VRIS —BEBRIEWE (VU AE) &&2RZHITIE R I B 72 fHE IR R
ZM R B (LLBA2) F. BIEMEIEEAEERL VWA, £k, XHE
FLdkEm LMozl L ZBERREZIME (LBEHEA 1) LEBEETH > 2,
[01 4 3]

(EHEf B 1)

FKiEH A2 THIEZMWNT —7H#BY (F27E) LAkEEREALULTMWNT — 7 i
BYIREL., 25mg / mgD/KABKERAB Lz, TOKITEWE3I 40g (MWNT —
THiEYIE MO0, 42¢g) ZE—AH—ICHREL. BRARERCKODKTBEPDOKEHDS
BlRETHZEEZBEEIC AN, BWELHICEXOFMEZMWNT —7H#Hgy (F2=7E) %
WEw IR E gk, COBMMELBREIEEMWNT — 7H#gw (F2=7E) #EHEICXDE
RLUEERELZIICRT,

[01 4 4]

(Z2EHB 1)

EMH B 1 EEMICULTCHBMLULIEMWNT — 7H#HBY (FX_7E) OKIEKS3 40
g (MWNT—-7H#&EWE :MNO0. 42g) ZE—A—CHELTHRBEZEBEICAN, A
AMWNT—7#ifg (FX=_7E) 280°CT 1 2HMARGEI TR, T OHEWE
THEIMWNT — 7HiigY (F2=27 ) ZHRHICIOBRLEBEREZLRIICRT,
[01 45]

(kB 2)

ERHB 1 ERMICLUTHBELEMWNT — 7#&ED (F2=2T7E) OKSHHI 40
g (MWNT— 7#if¥ea 1 #0. 42g) ELPAG6NRYX—22. 58gtzE—7—
KHBELTEAL, CTHhICHEHMEIB 1 EHEMRICLTRELEEZRH LU CRIAZMWNT — 7
B (F2=7E) EPAGLOEAYw (PA6 : MWNT - 7#Hi&w=100:1 ({k
BiLb) ) ZHM BRIk, CORBEBRIYTLREAGMEZHECXOBRUEEREES
IZRT .

(01 46]

(EHlB 2)

HEEH B 2 EAMBICLTHO. 42 gOMWNT—T7H#EY (F2=_7E) £22. 5
S8gDPAGNRIYRX—C BRI HMBEZHML, ChZzBARZEHBICAN, B2EHB 1
CRIMICLUTHIZAMWNT —7Higw (FX=27E) EPAGLOEAYW (PAG6 MW
NT—7H#f&m=100:1 (KEEHL ) ZAARLBRILL, COMMLIBEILZEEY
FHHICEODBRLEMEEEZELIICRT,

[0147]

(S B 3)

FHIEH B 1 EEBC LU THBHMLUEMWNT —7#BY (FR=27E) OKI8E2 05
g (MWNT-—7H#HBEMER : KO0. 26g) EPAG6NRRYX—13. 54g&7)V3I)2
8. 80gtZUE—A—IcHMEBLTEAL., CTNICEHMHIB 1 &I L THITELHZ
ULCHIRMWNT —7H#ig (FX_7E) LPAGELETILVIFLDEEYW (PAG6 M
WNT—-7#&%m=100:1 (f&HFLk) . PA6+7NLVIF  MWNT-—T7HiEw=1
00 :0. 6 (AHBL) ) ZHEZEI S, COFBEZBRITLESGWEAHICX DB
RUIEHBEERIICRT,

(01 48]

(EHlB 3)

FHEH B 3 ERMICLTHO. 26 gOMWNT —7H#igm (FX2=_7E) £13. 5
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4 gDPAGNRTYE—L28. 80gDT7INIFLEZFTKIBBEERITUL., ThEEHm
WIS AN, B2EFB1EEHBICLUTHMEMWNT — 7H#&EYw (F2=7E) P AG6
ETNVIFELOREEY (PAG6 : MWNT—7H#H&WYW=100:1 (AKEkE) . PAG6+
TIVIF  CMWNT—7H#EY=100:0. 6 (FEELL) ) ZAABRGZHEIETZ, TOH
Bz REEMEPHRICELODBERLEERELZIICRT,

(01 49]
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§3w?bt%%ﬁ5%6ﬁ&;5m‘ﬁ%%@ﬁ%hﬁﬁﬁﬁﬂ%ﬁmik@%ht
ﬁh%MAbt%wéﬁﬁﬁﬁéﬁh & (FHEH B 1 ~B2) ITd. TN 5% B mE 15
TR (%%m31~32)k&«f%ﬁ%ri%ﬁﬂ@ﬁ%@@%ﬁmﬁénéL
& h R éﬂtoit\m%ﬁmﬁgﬁﬂ@@%kﬁ%%747—%mAbtﬁ®%ﬁﬁ
Wk (EMiFB2~B3) FRIGABMEZE (B2EHB2~B3) TELGEHFICE. MR
IRZERM KA E Y 2 WAS R (KRB 1) FREAREE (356 B1) S-S
EERTHMHERRERAM BB OBREIME I NZ T EPERI N,

[0151]

(EiEHl B 4)

%#WBITHKMWNT—?%@%(?9““@)@@%%@”@0 42gk., P
A6 X —22. 58gtZzEAL., B X7V o —HiERHEMERE (CS THE TM
INI—MAX]) ZHVTHTHEE 26 0C, HWHEHN2m 1 /. A7 Y 1—REK
100 r pmOZEYHTEBLUTPAGHKMEZRKU LI, BOoNKLPAGGHBEMZ250
C. E/72MP a. BIEKRMS5 7B D% #T74»A%(%1ooumr>ufbxﬁ%
Lt BT o VLA ENRICENMP L THBRICKOMWNT — 7 HukkY oo BUIRE & B 52
Lico ZOWMRZERAIWKCERT,

[0152]

(%6 B 4)

MWNT—7#&W (F2=27E) ORGZRLHORDOIKSEHFB 1 THEZMWNT
—THRBRY (FEZT7E) OBRBEREMVO0. 42 gZ2HOVIELUAEEGEH B 4 & FAEIC
LTT740VAZEEHL, MWNT - 7HHBEMOEREZHIRICIOBERE L, TOHKRE
TR AIWCIRT
[0153]

(w6 B 5)

MWNT— 7 (F2278) OBRMEZEHEPAGEDEEGMDOR b DI HIH
B2 THREAMEBESY (MWNT - 7H#EY (F2=7HE) +PAG6) ZHWRIUN
BEMMB 4 LEAMICLTTIAINLEFEHEL, MWNT —7H#HgWooSRKERLZHHICXK
DBRLE, TOMBEL 4ICRT,

[015 4]

(ZEH6B 5)

WHEWIRRESY (MWNT —7#&EY (F2=7E) +PA6) ODRDDICBEHB 2
THEARNZBEESY (MWNT - 7#W (F2=27FE) +PA6) ZHWVWEIUNITHE
BB 4 EREBICLT I VLZEHEL, MWNT — 7O SEIREZBHICK D 8
Kll, TOMPEELR4ICRT,

[0155]

(w6 B 6)

MWNT— 7Y (F2=278) OBRMEZHEMHEPAG6LEDODREEGMD Kb D ITHEIHI
B3 THLEMMEEZBEAY (MWNT - 7Y (FX=7E) +PAG6+T7IVI)) &
WL ZEMB B 4 EEBICLT T IVLEERL, MWN T — 7 # &% 05 8K &
%E*Qkibﬁ L7z, %@ﬁ‘n%%?&‘lkﬂ“@‘o
[0156]

(ZEH4lB 6)

WS IRESYW (MWNT —7H#igY (F2=27E) +PA6+71V3IF) ofRbDHIC
SEZFBI3ITHLARGZEESY (MWNT —7HGEY (F2=7E) +PA6+7 L3
F) ERHOEUNEEGEH B 4 LERMBICLT T VLEEHR L, MWNT - 7HiEWo D
BREZHHICXOBELE, TOHEEX4ICTRT,

[0157]

70

10

20

30

40

Samsung Ex. 1013, Page 70 of 94
Samsung Electronics Co., Ltd., et al. v. Molecular Rebar Design, LLC

IPR2025-00355



JP 2009-235650 A 2009.10.15

(28)

(£ 4]

TE U I RRE e AT UG rRE ey TR 21 E

A% BIyEE N k=2 LIy SO R ) FWRL
B -INMIN | GrERE - INMIN | G- INMIN | G831 - INMIN | G- INMIN | i o || 0PI LNAUA

A M E T £ M H L0 B ST Geb Tk
M@w&i?ﬁ TM;QF?I (9vd+ (9¥d+ ovd gvd

- LNAW) | Gt INVIN) st - L) | dosge- L) [ eawge | S s ST
GO | S HanE¥ | @S T | HOHHEER | g | G o :

g #Z od ¥ W2 sdl4zZ S vaMeE VeI4B( %

[0158]

c

ARFEYP OMMEIRR BRM BB 7232 0

<.

RAWKRLIEHMEDLOHENZ XS
BRE>7 2 —2Z & L7k D% RS

50

Tns

¥ E (EEHB 4~B6) 12,

=]
i}
2

7

Samsung Ex. 1013, Page 71 of 94

Samsung Electronics Co., Ltd., et al. v. Molecular Rebar Design, LLC

IPR2025-00355



(29) JP 2009-235650 A 2009.10.15

FRABEGHREIEEGES (BZ6 B 4~B6) IZHXTHEIERIC W THEHEIR RS RME
BWmosEMEIm LT e EREIN, T, MERRIRMBEEDITHBEST «
S—ERELELOEFEGER (HEHMB5~B6) L3RR ELZER (2EHB5~B6
) TR/ ICE. MERREZMAEY Z R G (ZEH B 4) R EAREZE (
BEHB 4) SREHBEGICHEXNTHIEDRICE Y THHIRKERMREEY O 5 8D Lk
THIENER SN,

[01509]

(FmHC 1)

IRFUBEO 9. S5 BEMEEMBEIB 1 LHEMICLTHELZMWNT — 7Y (F2
Z7E) OMMEEMR0. SHEENEE, EZEALANBEIFY - (Y UF—HBE TARYV
—200AJ1) ZHVWTH®B100rpm. NE2000rpm. BEEES5 tor .,
T%TJFFHFEII OPMOFEMHFTEML, TXFHEMKXZMHH LKL, COTRFEAEM
YE., BE150C, £J2MPa., RERKMBM2 0 0MOZMFETTLAKREL T RF
“/@HE@E\H (80mMmX80mmX3mm) ZEMLE, THIc, TOZTKRFUHEH
GMz. 150 CIKMALZRABZEBEPICSRMMKEL T2 XL ZHL 7,
[016 0]

BonzRFVBEBEHERAMIC OV T REMERICH > THRRBIKTIIR, HMBEHRIEETES
XURABEREME Lz, ZTOMBREZELSICRT,

[0161]

(FmplC2)

RiEH A2 THIEMWNT —7H#BY (FX=7E) ORDbOICEGEH A3 THIEZMW
NT—-7#&Y (R FAME) ZHOEZDAEHEGEHE B 1 &R THEMWNT —
THiRERY (PR FAME) 2HERZETE L,

[016 2]

MWNT— 7#ifg¥ (FX2=27R) OBRMEZBEEORDOICHEIZMWNT — 7H#&EY (
YRFATME) OBBEEZEBERO. SEEFZHOVEMNMIEEMEH C 1 ERMKEICL T RF
VHEEESM (8 0mmX80mmX3mm) ZEELE, B RFUEIEESGH
KDOWTHREMEFECH > TRBEINE, MBHRESEESITCREERZME L, %

DERERSICKRT,

[016 3]

(te#Hl C 1)

MWNT—7#isgWzHVaEr o U EEMAC 1 L HEMKICL TIRF S BHIERIE K
(80mmX80mmX3mm) ZFELE, B85 KF EIEKREKRICD W THi
PEHFFECH > THRBIRYIE, MBHREEESIUCACEREZME L, TOMBEEXS
IZmRT,

[016 4]

(tkwgefil c 2 ~C 3)

MWNT-—7#&M (F2=27E) OBREZEHRORDOICEXRSIKRIEOMWNT —
TEHAVIEMAEEBH C 1 LHEHBCLTZRFIHEESHN (80mmX 8 0mm X 3
mm) ZE®R LKL, BN RFIBBEAGMIC DOV THIFEEHE N B> THRBEKH
FOMBWEEEBSIUCARERZHELL, ZOMBRZESITRT,

[0165]
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[016 6]
KHESWLWRLEHELNSGHSENE XS, ARHOMERRZRZMAMBE ZZ K+
VEIIREAM (ZEHC1~C2) . ARHOMMBRREZZMBEBE ESTER LI R
FUBBREAR (LLEBIC 1) ICENTHREEERICEBENZEDTH DO, MHEIKRZRMH
FEOIRFUBIBEELGHM (LM C2~C3) KHERNTHEBEEINEL X UHBEWNESE
HEml., HiglhicBNEZE D THs T ENMERINT,

[0167]

(ZZHEH D 1)

K2~K5ICRT T —F ¥y — P> TERGOICARTHBUMEZEHFTXN—-100—1
SMIZ2REOMBNEEHL, 1BOPSSEELE, RARK2BIDODHEINZPDADM
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ACBBIXUYYABEZMABDXN—-100—15MitgmEME L, LRICTEKK
TEE TR RT

[016 8]

< 1 [8] H O Ha gk L >

(7= ViETE)

M3lkmd Ko, 89, PSSKEKR (100g) KXN—-—100—-15M (15¢g
) ZHEML, T2 F v I AZ—=5— (300rpm) T200MBHRLTPS SHH
L7ZXN—-—100—-—15MOKTHKEZR, TD%., TOKRTEHBICHEBLTEH (120
0O0rpm. 304/ ZHLIK%,

[016 9]

RNT, W@ DO Eic KO BIEEESZ/K (300 ¢g) KikmLzgk, #0708 (1
2000rpm, 3040 ZMiLi, COBREEZEFHIMMEML. PSSHMNHLELX
N—100—15MZRIXL %,

[0170]

(HFA VN TE)

R, M4IKRT LI, TOPSSHAFLEZXN—-100—-15MZHEH 1 TH
7ZPDADMACK®BH (100g) KxmL, 7 %xFv 7 AX—F— (30071 pm
) T200RIBBLTPSSHNELEXN—-100—15MOKIEHKEEB, TDH%

COKRDEMBRICELSH (1 2000r pm. 30700 2L/,

[017 1]

ROT, Wil mODMIC K0 BEEREDZK (300g) KEMULREE, Z00H8 (1
2000rpm. 304/ ZMiLi, COREEZEHIEMEML. PDADMACHEZE
MA25XN—100—15MZRHINL T,

[017 2]

(BB YL T /)

Ric, CODPDADMACREZHAS2XN—-—100—15M~ZHEHM 3 TcHLTY K
Wi (100g) KiRmL, 7 %xF v 7 A%2—5—(300rpm) T2 057 H#ER
LTPDADMACRELYYIBEEMASXN—100—15MHREY DK EIKZ S
oo TOB, TOKRDEIRICELSH (1 2000r pm, 3075M) ZiiLk,
[017 3]

ROT, Wil mOoMIc X0 BEERE»ZK (300g) KEMLEE, Z008 (1
2000rpm. 3040 ZML, COREEZEGHIBEMLZE. BIEDEK (3
00g) IKNWERT, ZD%, TOKRIHEZHREMEE (WhatmanjE#40)
LTKRBXUESB>Y A EBREL, M EICXN—-—100—15M#tEMERIL Z,
[017 4]

< 2 |8l H O Ha g L e >

Ric, Wid M EOXN—-100—15MMtEMERINL, AT XN—100—15M
DRHLDODICZTDOXN—-100—15MitlgEzH., 724 VWU Z X x> 2B
FRHERMICLT, M XN—-—100—15MMtBEHWEICPDADMACREBBIXUYU A
BERIEXERLUE (2EHOMEBULE)

[017 5]

CORF2HEOHMHBULIEZHLZXN—100—15MifiiyoLms s 15 We
(SEM. (¥) HYNAT /By —XWTS—-—3600NJ) ZHVTEHRLE, %
DFERZK 1 1ICRT,

[0176]

<PAGHAMODIEH>

40888 (25, 5B HBE) OMITZXN—100—15Mifiigl (LM 2@
) L6 0EBERHMOFAMfa e, BT A7) o — @ EMMEK (CSTHB ININ
I —-MAX]) ZHVIRERE260C, MHEHN2m 1 2. A7V a—HIEK1LO
Or pmDEMHTEMUL, PAGHEKMZHAMLEZ, COPAGHAEMZ. RE2507T
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HEH2MPa., KIEHMS MOEZGETTLAKIELTPAG6EAM (80mmX 80
mmX 3mm) ZEMLE, B5N%EPA6KESMIZOW THIAHE T IEI K> THARE
i, MEWEETI B UCARERERZME L, TOREZERG6ICRT,

[0177]

(S D 2)

Mok ULE P 2 St 3HICZHE L, 3EHOMBUBE 2 [0 H O i WU HE L [E R
LN ERBMD 1 ERAMICLT,. 1EOPSSEE, RAEICIBIOHEBEENLZPD
ADMACREBXIXUYYAEBLEHZSDXN—-100—15MitgEssE Lk, TOA
F3moffBLEEZHLIEZXN—-—100—15MEEWORmEZESEEFHEMSE (SEM

(Bk) HiiNA T2 /Y —X8 TS—3600NJ) ZHVWTEZELE, TOHRE
K1 2IiKRT,

[017 8]

XN—100—15MigYy (ELE2E) ofbbhHic40HEMW (25. 54&F%
BiE) ORI XN—-—100—15MHMefgY (BLM3IME) ZHVWEUNIEHEMEHFHD 1 &
FHEICLT., PAGEEM (8 0mmX80mmX3mm) ZFEHLE, B5N7ZPAG6
HEMICOV T RME FEE> THBEET R, MEWESEEBIXCACERZEL
oo TORRELRGICKRT,

[0179]

(S£HiB D 3)

MBEOLERRZERISRICEEFEL, 3~5mEOMGIUEZ 2 [ H O i 08 & | ki
FEhE LU AAIEEMBPID 1 ELEMICLT, 1EOPSSEE, THICSEITOREINT
PDADMACHEBXIXUYYUAEEEWMASXN—-100—15MMfigr®ELRE, C
DB SHEOMBUMZRHRLZXN—100—15MitEgmoEXmEEASE FHEME (S
EM. (¥k) AYVNATZ7 /Y —X8M TS—3600NJ) ZHVTBRELEL, O
REK1 3ITxRT,

[0180]

XN—100—15Miigy (ELML2E) oRbbDic40B=RMB (25. 5KH
BE) O XN—-—100—15MH#ekY (LM s5E) ZHOWEMAEEBERFD 1 &
FEICLT. PAGEASM (80mmX80mmx3mm) ZE#MLE, B56N%PAG6
EEMIC OV THIRME FIEC > THREIET R, MBEHESELEBXUCALCERENE L
oo TOMBEXRGICRT,

[0181]

(HMEHI D 4)

MU ERZEF 1 OMEICEEL, 3~10HBEOMBEUIZ 2 B H O # kU & H
BEICEM UM EFEMEHD 1 EEMEICLT, 1BOPSSEE, XHIZ1L 0T DOERE
ENZPDADMACEBIXUYYAELEHMASDXN—-—100—15MMiEwEEL
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