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DESCRIPTION

PRODUCTION METHOD FOR COMPOSITE RESIN PARTICLES, AND

COMPOSITE RESIN PARTICLES

TECHNICAL FIELD

[0001]
The present invention relates to a production method for composite resin

particles, and composite resin particles.

BACKGROUND ART

[0002]
A technique for imparting conductivity to a resin material such as

polytetrafluoroethylene has been known. As an example, composite resin particles
containing a carbon material such as graphite and carbon nanotubes and a resin material
are known (Patent Documents 1 and 2).

Patent Document 1 discloses a production method in which
polytetrafluoroethylene aggregated powder, filler powder, and dry ice are simultaneously
put into a separating and mixing machine, and these are separated and mixed. In
examples disclosed in Patent Document 1, graphite is used as the filler powder.

Patent Document 2 discloses a method for obtaining composite resin particles by
drying a composite resin particles dispersion containing resin material particles, carbon
nanomaterials, a ketone solvent, and a dispersant.

[0003]
However, in the production method disclosed in Patent Document 1, the carbon

material and the resin material are composited by so-called dry mixing. Therefore,
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when a carbon nanomaterial such as carbon nanotube is used as the carbon material, it is
difficult to composite the carbon nanomaterial with polytetrafluoroethylene by the
production method disclosed in Patent Document 1.  As a result, when the carbon
nanomaterial is used in the production method disclosed in Patent Document 1,
conductivity cannot be imparted to the resin material.

[0004]
In the production method for composite resin particles disclosed in Patent

Document 2, the composite resin particles obtained by drying are often aggregated, and
the shape and the size of the aggregates of the composite resin particles tend to be non-
uniform. Therefore, when producing an extruded molded product such as a conductive
tube, it is necessary to separate the aggregates of the composite resin particles into fine
powders to reduce the gaps between the powders in the state of being filled in the
molding machine.

However, particles made of a fluororesin such as polytetrafluoroethylene
produced by emulsion polymerization tend to become fibrous when subjected to shearing
force during separating. Even when the fluororesin particles are sieved and separated,
they become fibrous. Therefore, it is difficult to pulverize the composite resin particles
into powder. Then, when the fluororesin particles become fibrous, the moldability
inherent in the fluororesin may decrease. Furthermore, the conductivity imparted to the
composite resin particles may decrease.

As disclosed above, in the conventional production method for composite resin
particles, it is difficult to produce the composite resin particles having excellent

moldability while maintaining conductivity.

PRIOR ART DOCUMENTS
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PATENT DOCUMENTS
[0005]

Patent Document 1 Japanese Unexamined Patent Application, First
Publication No. 2015-151543

Patent Document 2 Japanese Unexamined Patent Application, First

Publication No. 2015-030821

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0006]

An object of the present invention is to provide a production method for
composite resin particles containing a fluororesin and a carbon nanomaterial and having

excellent moldability while maintaining conductivity.

MEANS FOR SOLVING THE PROBLEM
[0007]

In order to solve the problem, the present invention provides the following.
[1] A production method for composite resin particles containing a fluororesin and a
carbon nanomaterial, comprising:

a step of separating the fluororesin in the presence of a dispersion medium (first
dispersion medium);

a step of obtaining a dispersion containing the fluororesin, the carbon
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nanomaterial, and the dispersion medium by dispersing the fluororesin and the carbon
nanomaterial in the dispersion medium; and

a step of removing the dispersion medium by storing the dispersion in a drying
container having a bottom surface, and drying the dispersion under conditions in which a
dry area calculated by the following equation (1) is in a range of 20 ~ 100 [cm?/g],

Dry area = (S/Wy) ... (1)

wherein S is an area [cm?] of the bottom surface of the drying container, and W
is a mass [g] of the composite resin particles in the dispersion.
(2] The production method for composite resin particles according to [1], wherein,
in the step of removing the dispersion medium, the drying container is shaken before
drying the dispersion.
[3] The production method for composite resin particles according to [1] or [2],
wherein a bulk density of the composite resin particles calculated by the following
equation (2) is 300 [g/L] or more and less than 600 [g/L],

Bulk density = (W2/ V1) ... (2)

wherein W2 is a mass [g] of the composite resin particles required to fill a first
measuring container having a volume of Vi [L].
[4] The production method for composite resin particles according to any one of [1]
to [3], wherein a porosity of the composite resin particles calculated by the following
equation (3) is less than 0.6,

Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring
container having a volume V> [L] with the composite resin particles filled.

[5] Composite resin particles containing a fluororesin and a carbon nanomaterial,
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wherein a bulk density calculated by the following equation (2) is 300 [g/L] or more and
less than 600 [g/L].

Bulk density = (W2/ V1) ... (2)

wherein W2 is a mass [g] of the composite resin particles required to fill a first
measuring container having a volume of Vi [L].
[6] Composite resin particles according to [5], wherein a porosity calculated by the
following equation (3) is less than 0.6,

Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring

container having a volume V; [L] with the composite resin particles filled.

EFFECTS OF THE INVENTION
[0008]

According to the present invention, it is possible to produce composite resin
particles containing a fluororesin and a carbon nanomaterial and having excellent

moldability while maintaining conductivity.

BRIEF DESCRIPTION OF DRAWINGS
[0009]

FIG. 1 is a photograph showing the appearance of the powder of the composite
resin particles of Example 2.

FIG. 2 is a photograph of a compression molding machine when the powder of
the composite resin particles of Example 2 was charged.

FIG. 3 is a photograph showing the appearance of a compression molded
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product of the composite resin particles of Example 2.

FIG. 4 is a photograph showing the appearance of the composite resin particles
of Comparative Example 2.

FIG. 5 is a photograph of a compression molding machine when the composite
resin particles of Comparative Example 2 were charged.

FIG. 6 is a photograph showing the appearance of a compression molded
product of the composite resin particles of Comparative Example 2.

FIG. 7 is a photograph showing the state after separating composite resin

particles of Comparative Example 2 with a sieve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0010]

The meanings of the following terms in the present description are as follows.

"Average particle diameter" is a value measured using a particle diameter
distribution meter, and is a mode diameter in a frequency distribution.

"Volume resistivity" is a value measured by the four-terminal method using a
resistivity meter (for example, "Loresta GP" manufactured by Mitsubishi Chemical
Analytech Co., Ltd.).

“~” means a numerical range in which the numerical values before and after it
are included as the lower limit value and the upper limit value.

[0011]
<Production method for composite resin particles>

Hereinafter, a production method for composite resin particles of one

embodiment according to the present invention will be disclosed in detail. In the
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present embodiment, the composite resin particles contain a fluororesin and a carbon
nanomaterial.

Specific examples of the fluororesin include polytetrafluoroethylene (PTFE),
tetrafluoroethylene parfluoroalkyl vinyl ether copolymer (PFA), ethylene-
tetrafluoroethylene copolymer (ETFE), 4-ethylene fluoride-6-propylene fluoride
copolymer (FEP), and polyvinylidene difluoride (PVDF).

Among these, as the fluororesin, polytetrafluoroethylene is preferable,
polytetrafluoroethylene obtained by emulsion polymerization is more preferable, and fine
powder containing polytetrafluoroethylene obtained by emulsion polymerization is most
preferable.

[0012]

The fine powder is a powder containing polytetrafluoroethylene obtained by
emulsion polymerization. As the fine powder, a synthetic powder may be used, or a
commercially available product may also be used. Examples of commercially available
fine powder products include PTFE fine powder grade F-104 (average particle diameter:
about 500 pm, manufactured by Daikin Industries, Ltd.).

The method for synthesizing the fine powder is not particularly limited. For
example, tetrafluoroethylene may be emulsion-polymerized using a stabilizer and an
emulsifier, particles in the emulsion-polymerized reaction solution may be aggregated,
and the resin particles may be dried to obtain fine powder.

[0013]

The average particle diameter of the fluororesin used as a raw material is

preferably about 400 ~ 500 pm from the viewpoint of workability during separating.

When the average particle diameter of the fluororesin is about 400 ~ 500 pm, it is not
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separating, and the composite resin particles are further excellent in moldability.
[0014]

The carbon nanomaterials are materials having a carbon six-membered ring
structure.

Specific examples of the carbon nanomaterials include carbon nanofibers,
carbon nanohorns, carbon nanocoils, graphene, fullerenes, acetylene black, ketjeneblack,
carbon black, and carbon fibers. Among these, carbon nanotubes are particularly
preferable.

[0015]

The average length of the carbon nanomaterial is not particularly limited. The
average length of the carbon nanomaterial can be, for example, 10 ~ 600 um. When the
average length of the carbon nanomaterial is 10 pm or more, the conductivity of the
composite resin particles is further excellent. When the average length of the carbon
nanomaterial is 600 pm or less, the carbon nanomaterial tends to adhere uniformly to the
fluororesin.

The average length of carbon nanomaterials can be measured, for example, by
observation with a scanning electron microscope.

[0016]

First, in the production method for composite resin particles of the present
embodiment (hereinafter referred to as “present production method”), the fluororesin is
separated in the presence of a first dispersion medium (separating step).

As the first dispersion medium, a ketone-based solvent is preferable. Specific

examples of the ketone-based solvent include ethyl methyl ketone, acetone, diethyl
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ketone, methyl propyl ketone, and cyclohexanone. However, the ketone-based solvent
is not limited to these examples.

Among these, as the ketone-based solvent, ethyl methyl ketone is preferable
because the composite resin particles tend to have excellent conductivity and moldability.
[0017]

When the fluororesin is separated in the presence of the first dispersion medium,
it is preferable to separate the fluororesin such that an average particle diameter is 5 ~ 50
pm,

When the fluororesin is separated such that the average particle diameter is 5 pm
or more, the specific surface area of the fluororesin does not increase too much, and the
amount of the carbon nanomaterials relative to the amount of the fluororesin is less likely
to be insufficient. Therefore, it becomes difficult to distribute a region where the carbon
nanomaterial is adsorbed and a region where the carbon nanomaterial is not adsorbed on
the surface of the fluororesin, and the conductivity of the composite resin particles is
further improved.

When the fluororesin is separated such that the average particle diameter is 50
pum or less, the surface irregularities of the fluororesin particles become large and the
specific surface area increases. This facilitates the uniform adsorption of the carbon
nanomaterials to the surface of the fluororesin, and facilitates the reduction of the amount
of the aggregates generated in the carbon nanomaterials. As a result, the carbon
nanomaterial can be uniformly adhered to the surface of the fluororesin, and the
uniformity of the appearance of the composite resin particles molded product is further
improved.

[0018]
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When the fluororesin is separated in the presence of the first dispersion medium,
the temperature of the first dispersion medium is preferably 20°C or lower, and more
preferably 10°C or lower. When the fluororesin is separated in the presence of the first
dispersion medium, if the temperature of the first dispersion medium is 20°C or lower,
the composite resin particles in which carbon nanomaterial is uniformly adhered to the
fluororesin can be produced while maintaining the moldability and mechanical properties
of the fluororesin.  As a result, the composite resin particles are further excellent in
moldability.

[0019]

As a method for separating the fluororesin, a method capable of suppressing the
shearing force applied to the fluororesin particles is preferable. Specific examples of
the separating method include stirring using a stirrer, separating by ultrasonic waves, and
separating by a separater such as a food processor. However, the separating method is
not limited to these examples.

[0020]

Next, in the present production method, the fluororesin and the carbon
nanomaterial are dispersed in the first dispersion medium to obtain a dispersion
containing the fluororesin, the carbon nanomaterial, and the dispersion medium (step of
obtaining a dispersion).

In the present embodiment, the first dispersion medium containing the
fluororesin separated in the presence of the first dispersion medium and the carbon
nanomaterial may be mixed to disperse the carbon nanomaterial in the first dispersion
medium.

[0021]
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As a method for dispersing the fluororesin and the carbon nanomaterial in the
first dispersion medium, a method capable of suppressing the shearing force applied to
the fluororesin particles is preferable. As a specific example, stirring using a stirrer is
preferable.

When the fluororesin and the carbon nanomaterial are dispersed in the first
dispersion medium, the temperature of the first dispersion medium is preferably 20°C or
lower, and more preferably 10°C or lower. When the temperature of the first dispersion
medium is 20°C or lower when dispersing, composite resin particles in which carbon
nanomaterials are uniformly adhered to the fluororesin are easily produced while
maintaining the moldability and mechanical properties of the fluororesin.  As a result,
the composite resin particles are further excellent in moldability.

[0022]

By dispersing the fluororesin and the carbon nanomaterial in the first dispersion
medium in this way, the fluororesin and the carbon nanomaterial are composited, and
composite resin particles are generated in the first dispersion medium. In the composite
resin particles after dispersion, the carbon nanomaterial is adhered and fixed in a
dispersed state on at least a part of the surface of the fluororesin.

As aresult, a first dispersion containing the fluororesin, the carbon
nanomaterial, and the first dispersion medium is obtained. The first dispersion contains
the composite resin particles and the first dispersion medium. Then, the composite resin
particles are dispersed in the first dispersion medium.

[0023]
When the fluororesin and the carbon nanomaterial are dispersed in the first

dispersion medium, the amount of the carbon nanomaterial used is preferably 0.01 ~ 2%
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by mass, and more preferably 0.01 ~ 0.5% by mass with respect to the total 100% by
mass of the fluororesin and the carbon nanomaterial.

When the amount of the carbon nanomaterial used is 0.01% by mass or more,
the composite resin particles are further excellent in conductivity. When the amount of
the carbon nanomaterial used is 2% by mass or less, the composite resin particles are
further excellent in moldability and mechanical properties.

In the semiconductor field, it is strongly required to reduce dust generation of
fillers and outgassing. When the amount of the carbon nanomaterial used is 0.5% by
mass or less, the amount of the carbon nanomaterial used is small, so that the risk of
contamination due to the carbon nanomaterial in the production process can be reduced.
[0024]

When the fluororesin and the carbon nanomaterial are dispersed in the first
dispersion medium, a dispersant may be used. Specific examples of the dispersant
include an acrylic dispersant. However, the dispersant is not limited to an acrylic
dispersant.

[0025]

When the fluororesin and the carbon nanomaterial are dispersed in the first
dispersion medium, a second dispersion may be used as the carbon nanomaterial. The
second dispersion is a dispersion in which the carbon nanomaterial is dispersed in a
second dispersion medium.

As a specific example of the second dispersion medium, a compound which is
the same as the specific example of the first dispersion medium is exemplified. The
second dispersion medium may be the same as or different from the first dispersion

medium. However, as the second dispersion medium, it is preferable to use the same



10

15

20

13
compound as the first dispersion medium because the composite resin particles tend to be
excellent in conductivity and moldability.
[0026]

When the second dispersion is used, the composite resin particles are dispersed
in a mixed medium of the first dispersion medium and the second dispersion medium.

When the second dispersion is used, the amount of the carbon nanomaterial is
preferably 0.01 ~ 2% by mass, and more preferably 0.01 ~ 1% by mass with respect to
100% by mass of the second dispersion. When the amount of the carbon nanomaterial
is 0.01% by mass or more with respect to 100% by mass of the second dispersion, the
composite resin particles are further excellent in conductivity. When the amount of the
carbon nanomaterial is 2% by mass or less with respect to 100% by mass of the second
dispersion, the composite resin particles are further excellent in moldability and
mechanical properties.

[0027]

Next, in the present production method, the first dispersion containing the
fluororesin, the carbon nanomaterial, and the first dispersion medium is stored in a drying
container, and the dispersion is dried under certain conditions to remove the dispersion
medium (step of removing the dispersion medium).

First, the first dispersion containing the fluororesin, the carbon nanomaterial and
the first dispersion medium is stored in the drying container. The drying container is a
container having a bottom surface.

Then, in the present production method, the first dispersion is dried under the
conditions in which the dry area is 20 ~ 100 cm?/g, and the dispersion medium (the first

dispersion medium, the second dispersion medium, or the mixture medium containing



10

15

20

14
the first dispersion medium and the second dispersion medium) is removed. The dry
area can be calculated by the following equation (1).

Dry area = (S/Wy) ... (1)

wherein S is an area [cm?] of the bottom surface of the drying container, and W
is a mass [g] of the composite resin particles in the first dispersion.

[0028]

In the present production method, the dry area is 20 ~ 100 cm?/g, and preferably
50 ~ 100 cm?/g.  When the dry area is 20 cm?/g or more, the composite resin particles
become uniform particles, the bulk density of the composite resin particles is increased,
and the moldability of the composite resin particles is improved. When the dry area is
100 cm?/g or less, the workability at the time of drying is improved.

[0029]

When drying the first dispersion, the first dispersion may be heated as long as
the effect of the present invention is not impaired. However, when the first dispersion is
dried, it is preferable to allow it to stand at room temperature and atmospheric pressure
by natural drying.

The drying time is not particularly limited. For example, it can be 1 to 24
hours.

The pressure during drying is not particularly limited. For example, it can be 1
kPa to 0.2 MPa, and can be about atmospheric pressure.

[0030]

It is preferable to shake the drying container before drying the first dispersion.

Thereby, the thickness of the composite resin particles deposited on the bottom surface of

the drying container becomes uniform, and the composite resin particles after drying tend
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to become uniform particles. As a result, the composite resin particles are further
excellent in moldability.

When shaking, a shaking device such as a large shaker "Double Shaker NR-150"
(manufactured by TIETECH Co., L.td.) can be used.

The thickness (height from the bottom surface) of the composite resin particles
deposited in the drying container is preferably 0.4 ~ 2 mm, more preferably 0.4 ~ 1 mm,
and most preferably 0.4 ~ 0.8 mm.

[0031]

The composite resin particles obtained by the present production method are
preferably in the form of powder at room temperature.

The bulk density (W2/V) of the composite resin particles obtained by the present
production method is preferably 300 g/L. or more and less than 600 g/L., and more
preferably 300 ~ 500 g/L..  When the bulk density (W2/V) of the composite resin
particles is 300 g/L or more and less than 600 g/L, it becomes easy to uniformly fill the
composite resin particles in the extrusion molding machine. Here, the bulk density can
be calculated by the following equation (2).

Bulk density = (W2/ V1) ... (2)

wherein W2 is the mass [g] of the composite resin particles required to fill a first
measuring container having a volume of Vi [L.]. W3 [g] is the mass of the composite
resin particles in dry state.

[0032]

The porosity of the composite resin particles obtained by the present production

method is preferably 0.4 or more and less than 0.6, more preferably 0.4 ~ 0.55, and most

preferably 0.4 ~ 0.5. When the porosity is less than 0.6, the coarse density of the
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compression molded product of the composite resin particles is improved, so that it is
easy to suppress a decrease in the volume resistivity of the molded product. Here, the
porosity can be calculated by the following equation (3).

Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring
container having a volume V; [L] with the composite resin particles filled.

[0033]

V3 [L] is the volume [L] of the gaps between the composite resin particles
generated when the composite resin particles are filled in the second measuring container.
For example, V3 [L] can be calculated by adding a standard liquid having a known
density [g/L] into the second measuring container filled with composite resin particles,
filling the gaps between the composite resin particles with the standard liquid, and
measuring the mass [g] of the standard liquid required to fill the inside of the second
measuring container.

[0034]

(Effects)

According to the present production method explained above, it is easy to
control the bulk density of the composite resin particles. Further, according to the
present production method, the porosity of the composite resin particles when filled in a
container such as a molding machine can be controlled to be relatively small.
Therefore, the composite resin particles can be uniformly filled in the compression
molding machine. As a result, the composite resin particles are stably supplied in the
extrusion molding machine, the unevenness of the extrusion amount is reduced, and the

moldability is improved.
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In the present production method, as the fluororesin is separated in the presence
of the first dispersion medium, the fluororesin and the carbon nanomaterial are
composited by wet mixing, so that the carbon nanomaterial is easily adsorbed on the
surface of the fluororesin.  As a result, the conductivity of the composite resin particles
is improved.

[0035]

As disclosed above, according to the present production method, the bulk
density and particle diameter of the composite resin particles can be controlled when the
first dispersion is dried without secondary processing of the composite resin particles
after drying. Therefore, it is possible to produce the composite resin particles having a
bulk density equivalent to that of the fluororesin used as a raw material. According to
the present production method, the amount of the aggregates generated in the composite
resin particles is also reduced, and it is not necessary to separate the composite resin
particles. Therefore, composite resin particles with a small average particle diameter
can be obtained without fiberizing the fluororesin.

Then, the composite resin particles having a bulk density equivalent to that of
the fluororesin as a raw material can be produced, and the porosity of the composite resin
particles when filled in a container such as a molding machine can be reduced.
Therefore, when a molded product such as a tube is produced by extrusion molding using
the composite resin particles, the appearance of the molded product becomes uniform.
[0036]

<Composite resin particles>

The composite resin particles of the present invention contain the fluororesin

and the carbon nanomaterial. In the composite resin particles, the carbon nanomaterial
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is adhered and fixed in a dispersed state on at least a part of the surface of the fluororesin.
The composite resin particles of the present invention may contain components other
than the fluororesin and the carbon nanomaterial (for example, a dispersant) as long as
the effects of the present invention are not impaired.
[0037]

The details, specific examples, and preferred embodiments of the fluororesin
used are the same as those disclosed in the present production method disclosed above.

The details, specific examples, and preferred embodiments of the carbon
nanomaterial used are also the same as those disclosed in the present production method
disclosed above.

[0038]

The bulk density of the composite resin particles of the present invention is 300
g/L. or more and less than 600 g/L, and preferably 300 ~ 500 g/L.. Here, the bulk density
can be calculated by the following equation (2).

Bulk density = (W2/ V1) ... (2)

wherein W2 is the mass [g] of the composite resin particles required to fill a first
measuring container having a volume of Vi [L].

[0039]

The porosity of the composite resin particles of the present invention is
preferably less than 0.6, more preferably 0.4 or more and less than 0.6, further preferably
0.4 ~ 0.55, and particularly preferably 0.4 ~ 0.5.  When the porosity (V3/V2) is less than
0.6, the coarse density of the compression molded product of the composite resin
particles is improved, so that it is easy to suppress a decrease in the volume resistivity of

the molded product. Here, the porosity can be calculated by the following equation (3).
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Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring
container having a volume V> [L] with the composite resin particles filled.

V3 [L] is the volume [L] of the gaps between the composite resin particles
generated when the composite resin particles are filled in the second measuring container.
For example, V3 [L] can be calculated by adding a standard liquid having a known
density [g/L] into the second measuring container filled with the composite resin
particles, filling the gaps between the composite resin particles with the standard liquid,
and measuring the mass [g] of the standard liquid required to fill the inside of the second
measuring container.

[0040]

(Effects)

Since the composite resin particles of the present invention have a bulk density
of 300 g/L. or more and less than 600 g/L, they can be uniformly filled in a compression
molding machine. As a result, the composite resin particles are stably supplied in the
extrusion molding machine, the unevenness of the extrusion amount is reduced, and the
moldability is improved.

[0041]

<Example>

Hereinafter, the present invention will be specifically disclosed with reference to
Examples, but the present invention is not limited to the following Examples.

[0042]
(Bulk density)

The bulk density was calculated by the following equation (2).



10

15

20

20

Bulk density = (W2/ V1) ... (2)

In the equation (2), V1 is the volume [L] of the first measuring container. A
sample (composite resin particles) was filled in the first measuring container, and the
mass [g] of the sample required for filling was measured and used as W».

[0043]

(Porosity)

The porosity was calculated by the following equation (3).

Porosity = (V3/V2) ... (3)

In the equation (3), V2 is the volume [L] of the second measuring container.
The sample (composite resin particles) was filled in the second measuring container, and
the volume [L] of the gaps generated between the sample particles was calculated and
used as V.

Specifically, V3 [L] was calculated by adding a standard liquid having a known
density into the second measuring container filled with the sample particles, filling the
gaps between the sample particles with the standard liquid, and measuring the mass [g] of
the standard liquid required to fill the inside of the second measuring container, and using
the known density [g/L] of the standard liquid.

[0044]

(Volume resistivity)

A compression molded product (¢30 mm X t3 mm) of the composite resin
particles was prepared and used as a sample. The volume resistivity of the sample was
measured using a resistivity meter (“Loresta GP” manufactured by Mitsubishi Chemical
Analytech Co., Ltd.) in accordance with JIS K7194.

[0045]
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(Sieve passage percentage)

The composite resin particles were sieved with a mesh opening of 1.7 mm, the
mass of the composite resin particles that have passed through the sieve was measured,
and the sieve passage percentage was calculated by the following equation (2).

Sieve passage percentage = 100 x (mass of the composite resin particles that
have passed through the sieve) / (total mass of the composite resin particles that have
been sieved) ... (2)

[0046]

(Example 1)

First, 5 g of PTFE fine powder grade F-104 (average particle diameter: about
500 pm, manufactured by Daikin Industries, Ltd., hereinafter referred to as “PTFE fine
powder”), 20 g of ethyl methyl ketone were put into a 100 mL beaker, and the beaker was
cooled to maintain the temperature of the liquid in the beaker below 20°C. Next, a
stirrer was placed in the beaker and the liquid in the beaker was stirred. Then, an
ultrasonic irradiator was placed in the beaker and the mixture was further stirred using
ultrasonic waves to separate the PTFE fine powder in the presence of ethyl methyl
ketone.

Next, as the second dispersion, a CNT dispersion containing carbon nanotubes
(average length: 100 ~ 400 pm) and ethyl methyl ketone was prepared. The amount of
the carbon nanotubes in the CNT dispersion was adjusted to 0.2% by mass. 7.5 g of the
CNT dispersion was placed into a beaker, and the inside of the beaker was stirred with a
stirrer while maintaining the temperature of the liquid in the beaker below 20°C to
disperse the separated PTFE fine powder and the carbon nanotubes in ethyl methyl

ketone.
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Next, the dispersion of the stirred composite resin particles was stored in a
drying container so that the mass of the composite resin particles was 1 g, and the
container was shaken so that the thickness of the resin deposited on the bottom surface of
the drying container was uniform. Here, a drying container having a bottom surface
area of 20 cm? was used, and when shaking, a large shaker "Double Shaker NR-150"
(manufactured by TIETECH Co., Ltd.) was used as a shaking device. The thickness of
the layer of the composite resin particles in the drying container was 1 ~ 2 mm.

The dispersion of the composite resin particles was air-dried in the drying
container under the conditions of 20°C, atmospheric pressure for 3 hours to produce
powder of the composite resin particles of Example 1. The sieve passage percentage,
the bulk density, and the porosity of the composite resin particles of Example 1 were
measured. Next, the powder of the composite resin particles of Example 1 was put into
a compression molding machine to produce a compression molded product of Example 1
under the conditions of 20°C and 40 MPa. The volume resistivity of the compressed
molded product of Example 1 was measured. The results are shown in Table 1.

[0047]

(Examples 2 and 3 and Comparative Example 1)

The composite resin particles and the compression molded products of
Examples 2 and 3 and Comparative Example 1 were produced in the same manner as in
Example 1 except that the area of the bottom surface of the drying container was changed
to the values in Table 1. During drying, the thickness of the layer of the composite resin
particles in the drying container was recorded.

The sieve passage percentage, the bulk density, and the porosity of the

composite resin particles, and the volume resistivity of the compressed molded product in
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Examples 2 and 3 and Comparative Example 1 were measured. The results are shown
in Table 1.
[0048]

(Comparative Example 2)

As shown in Patent Document 2, a dispersion of the composite resin particles
was obtained by mixing the PTFE fine powder, the carbon nanotubes, the ketone solvent,
and the dispersant. Next, the dispersion of the composite resin particles was dried to

produce the composite resin particles of Comparative Example 2.  Next, the composite

resin particles of Comparative Example 2 were put into a compression molding machine

to produce a compression molded product of Comparative Example 2 under the

conditions of 20°C and atmospheric pressure.

[0049]
Table 1
Example | Comparative
Example 1 | Example 2 3 Example 1

Dry area [cm?/g] 20 50 100 10
Thickness of layer of composite
resin particles in drying 1~2 04~1 0.4~0.8 2~5
container [nm]
Sieve passage percentage [%] 50 90 95 25
Bulk density [g/L] 400 ~ 600 | 300 ~500 | 300 ~500 | 600~ 800
Porosity [-] 045~05]104~045104~045| 0.6~0.65
Volume resistivity of
compression molded product 5~10 4~8 4~8 4~ 8
[Q-cm]

[0050]

The composite resin particles of Examples 1 to 3 obtained by drying under

conditions in which the dry area was 20 ~ 100 cm?/g were all controlled in a bulk density

of 300 g/L. or more and less than 600 g/L..  As disclosed above, the bulk density of the
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composite resin particles of Examples 1 to 3 was equivalent to the bulk density of the
PTFE fine powder used as the raw material. From this result, it is predicted that the
composite resin particles of Examples 1 to 3 are excellent in moldability.
[0051]

All of the composite resin particles of Examples 1 to 3 had a porosity of less
than 0.6. From this result, it is predicted that the composite resin particles of Examples
1 to 3 are excellent in moldability.

[0052]

The sieve passage percentage of the composite resin particles of Examples 1 to 3
was 50% or more, and that of the composite resin particles of Examples 2 and 3 was 90%
or more. On the other hand, the sieve passage percentage of the composite resin
particles of Comparative Example 1 was 25%, and it was difficult to produce powdered
composite resin particles.

[0053]

The volume resistivity of the compression molded product of Examples 1 to 3
and Comparative Example 1 was 4 ~ 10 Q-cm. From this result, it was found that the
composite resin particles obtained by the production methods of Examples 1 to 3 retain
the conductivity.

[0054]

FIG. 1 is a photograph showing the appearance of the powder of the composite
resin particles of Example 2. It is predicted that the composite resin particles of
Example 2 are in the form of fine powder, have little variation in particle diameter, and a
uniform particle diameter, and are excellent in moldability.

FIG. 2 is a photograph of a compression molding machine when the powder of
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the composite resin particles of Example 2 was charged. It is predicted that the
composite resin particles of Example 2 are densely packed inside the compression
molding machine, and the unevenness of the extrusion amount is reduced.

FIG. 3 is a photograph showing the appearance of the compression molded
product of the composite resin particles of Example 2. The appearance of the
compression molded product of the composite resin particles of Example 2 was uniform.
[0055]

FIG. 4 is a photograph showing the appearance of the composite resin particles
of Comparative Example 2. The composite resin particles of Comparative Example 2
were obtained as aggregates of the composite resin particles, and contained a lump of
aggregate resin particles. Therefore, in order to obtain a compression molded product
having a uniform appearance, it may be necessary to separate the massive composite
resin particles.

FIG. 5 is a photograph of the compression molding machine when the composite
resin particles of Comparative Example 2 were charged. It is predicted that the
composite resin particles of Comparative Example 2 are not densely filled inside the
compression molding machine, and the extrusion amount is uneven. Therefore, in order
to reduce the unevenness of the extrusion amount, it is considered necessary to finely
separate the massive composite resin particles.

FIG. 6 is a photograph showing the appearance of the compression molded
product of the composite resin particles of Comparative Example 2. The appearance of
the compressed molded product of the composite resin particles of Comparative Example
2 was not uniform, and aggregate spots of the carbon nanotubes and aggregate spots of

the PTFE fine powder were observed, and there were many irregularities.
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FIG. 7 is a photograph showing the state after separating the composite resin
particles of Comparative Example 2 with the sieve. As shown in FIG. 4, the composite
resin particles of Comparative Example 2 were aggregates of the composite resin
particles. As shown in FIG. 7, when the aggregates of the massive composite resin
particles were separated with the sieve, the composite resin particles became fibrous.
The fibrous composite resin particles could not be applied to the production of
compression molded products.
[0056]

As disclosed above, it was confirmed that the composite resin particles of
Examples 1 to 3 were excellent in conductivity, and it was suggested that the composite

resin particles of Examples 1 to 3 are excellent in moldability.
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CLAIMS
1. A production method for composite resin particles containing a fluororesin and a
carbon nanomaterial, comprising:

a step of separating the fluororesin in the presence of a dispersion medium,;

a step of obtaining a dispersion containing the fluororesin, the carbon
nanomaterial, and the dispersion medium by dispersing the fluororesin and the carbon
nanomaterial in the dispersion medium; and

a step of removing the dispersion medium by storing the dispersion in a drying
container having a bottom surface, and drying the dispersion under conditions in which a
dry area calculated by the following equation (1) is in a range of 20 ~ 100 [cm?/g],

Dry area = (S/Wy) ... (1)

wherein S is an area [cm?] of the bottom surface of the drying container, and W

is a mass [g] of the composite resin particles in the dispersion.

2. The production method for composite resin particles according to Claim 1,
wherein, in the step of removing the dispersion medium, the drying container is shaken

before drying the dispersion.

3. The production method for composite resin particles according to Claim 1 or 2,
wherein a bulk density of the composite resin particles calculated by the following
equation (2) is 300 [g/L] or more and less than 600 [g/L],

Bulk density = (W2/ V1) ... (2)

wherein W2 is a mass [g] of the composite resin particles required to fill a first

measuring container having a volume of V1 [L].
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4, The production method for composite resin particles according to any one of
Claims 1 to 3, wherein a porosity of the composite resin particles calculated by the
following equation (3) is less than 0.6,

Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring

container having a volume V> [L] with the composite resin particles filled.

5. Composite resin particles containing a fluororesin and a carbon nanomaterial,
wherein a bulk density calculated by the following equation (2) is 300 [g/L.] or more and
less than 600 [g/L].

Bulk density = (W2/ V1) ... (2)

wherein W2 is a mass [g] of the composite resin particles required to fill a first

measuring container having a volume of Vi [L].

6. Composite resin particles according to Claim 5, wherein a porosity calculated by
the following equation (3) is less than 0.6,

Porosity = (V3/V2) ... (3)

wherein V3 is a volume [L] of liquid required to fill a second measuring

container having a volume V2 [L] with the composite resin particles filled.



