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[DESCRIPTION]

[Invention Title]

ELECTRO~-CONDUCTIVE THERMOPLASTIC RESIN COMPOSITIONS AND

5 ARTICLES MANUFACTURED THEREEFROM

[Technical Field]

The present invention relates to an electro-conductive
10 thermoplastic resin composition with controllable superior

electro-conductivity and excellent impact resistance.

[Background Art]

15 Thermoplastic resins are divided intc general-purpose
plastics such as polyethylene, polypropylene, acrylic, styrene
and vinyl resins and engineering plastics such as
polycarbonate, polyphenylene ether, polyamide, polyester and
polyimide resins.

20 RBecause of their superior processability and
moldability, thermoplastic resins are widely utilized in
applications including various household supplies, office
automation equipment and electrical/electronic products.

Depending on the kind and characteristics of products
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employing a thermoplastic resin, there have been ongoing
attempts to use the thermoplastic resin as a high value~-added
material by imparting specific properties as well as superior
processability and moldability to the thermoplastic resin.
Regarding specific properties, there have been various
attempts to impart electro-conductivity to the thermoplastic
resin and utilize the electro-conductive thermoplastic resin
so that automobiles, electric apparatuses, and electronic
assemblies or cables can exhibit electromagnetic shielding
property.

The electro-conductive thermoplastic resin is generally
prepared by mixing a thermoplastic resin with a conductive
additive such as a carbon black, a carbon fiber, a metal
powder, a metal-coated inorganic powder or a metal fiber. In
order to secure a desired level of electrical conductivity,
the conductive additive must be used in a considerably large
amount (10% by weight or more). However, the use of the
conductive additive in the considerably large  amount
disadvantageously causes a considerable deterioration in basic
physical properties including mechanical physical properties
e.g. impact resistance, of the electro-conductive
thermoplastic. resin.

Accordingly, there has been an attempt to impart

superior electrical conductivity to the thermoplastic resin by
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using a small amount of carbon nanotubes as the conductive
additive.

However, when an electro-conductive thermoplastic resin
is prepared by mixing a thermoplastic resin with carbon
nanotubes and injecting the mixture in an injector, the carbon
nanotubes show mobility and orientation due to shearing stress
generated during the injection. As a result, the bonding
between carbon nanotubes present in the electro-conductive
thermoplastic resin is severed and the electrical conductivity
of the electro-conductive thermoplastic resin 1s thus

deteriorated.

[Technical Problem]

The present invention has Dbeen made to solve the
foregoing problems of the prior art and it is one aspect of
the present invention to provide an electro-conductive
thermoplastic resin composition with controllable superior
electro-conductivity as well as excellent impact resistance.

It is another aspect of the present invention to provide
an article manufactured from the electro-conductive
thermoplastic resin composition.

Aspects of the present invention are not limited to the
aforementioned aspects and those skilled in the art will

clearly appreciate other aspects from the following detailed
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description.

[Technical Solution]

In accordance with one aspect of the present invention,
there 1is provided an electro-conductive thermoplastic resin
composition comprising: 80 to 99.7 parts by weight of a
thermoplastic resin; 0.1 to 5 parts by weight of a carbon
nanotube; 0.1 to 5 parts by weight of an impact modifier and
0.1 to 10 parts by weight of a hydrophobic polymer additive,
based on a total of 100 parts by weight of the electro-
conductive thermoplastic resin composition.

In accordance with another aspect of the present
invention, there is provided an article manufactured from the
electro-conductive thermoplastic resin composition.

Basically, the electro-conductive thermoplastic resin
composition of the present invention comprises a base resin
where carbon nanotubes are dispersed in a thermoplastic resin,
an impact modifier and a hydrophobic polymer additive.

During injection of the electro-conductive thermoplastic
resin composition, the hydrophobic polymer additive prevents
the carbon nanotubes from being oriented or moved in the
resin, thus avoiding severance of the carbon nanotubes. Thus,

with the electro-conductive thermoplastic resin composition of
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the present invention, it is possible to realize an electro-
conductive thermoplastic resin composition with more improved
electrical conductivity.

In addition, owing to a rubber-based impact modifier
contained 1in the electro-conductive thermoplastic resin
composition, it is possible to prevent deterioration of basic
physical properties (including mechanical physical properties
e.g. impact resistance) of the electro-conductive
thermoplastic resin which results from the addition of the
carbon nanotubes.

Thus, according to the present invention, it is possibie
to realize an electro-conductive thermoplastic resin with
superior physical properties, e.g. 1mpact resistance and
abrasion resistance, as well as more improved electrical
conductivity.

Respective ingredients of the electro-conductive
thermoplastic resin composition will be described in detail.
In the following description of the present invention, the
same constituent components are denoted by the same reference
numerals.

(A) Thermoplastic resin

The electro-conductive thermoplastic resin composition
of the present invention comprises 80 to 99.7 parts by weight

of a thermoplastic resin, based on a total of 100 parts by
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welght of the electro~conductive thermoplastic  resin
composition. Within the range of the thermoplastic resin
content as defined above, the balance of the physical
properties such as impact resistance and electro-conductivity
can be maintained.

The thermoplastic resin used in the present invention
may be any thermoplastic resin applicable to extrusion or
injection molding. Any  general-purpose or  engineering.
thermoplastic plastic may be used as the thermoplastic resin
without any ©particular limitation. Examples of the
thermoplastic resin include polyacetal, acrylic,
polycarbonate, styrene, polyester, vinyl, polyphenylene ether,
polyolefin, acrylonitrile-butadiene-styrene copolymer,
polyarylate, polyamide, polyamide imide, polyarylsulfone,
polyether imide, polyethersulfone, polyphenylene sulfide,
fluorine, polyimide, polyetherketone, polybenzoxazole,
polyoxadiazole, polybenzothiazole, polybenzimidazéle,
polypyridine, polytriazole, polypyrrolidine, polydibenzofuran,
polysulfone, polyurea, polyphosphazene and liquid crystal
polymer resins. The thermoplastic resin may be used singly or
as a copolymer or mixture thereof.

Depending on the physical properties of the
thermoplastic resin composition or the type of products

employing the resin composition, preferred examples of the
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thermoplastic resin include, but are not limited to:
polyolefin  resins such as polyethylene, polypropylene,
ethylene-vinyl acetate copolymer and ethylene-methyl
methacrylate copolymer resins; styrene resins; and engineering
plastics such as polyamide, polyester (e.g. polyethylene
terephthalate or polybutylene terephthalate) and polycarbonate
resins.

Hereinafter, polyolefin, polyester and polycarbonate
resins suitable for use as the thermoplastic resin will be
illustrated in detail.

The polyolefin resin is prepared by polymerizing olefin
monomers with radical polymerization or polymerization using a
metal-containing catalyst. In particular, preferred are
polyolefin resins prepared using a Ziegler-Natta, metallocene
or Phillips catalyst. There is no particular limitation as to
the preparation method of the polyolefin resin. Accordingly,
the polyolefin resin may be prepared by other commonly known
methods.

The ©polyester resin may be also used as the
thermoplastic resin. The polyester resin may contain an ester
linkage in a polymer chain and be melted by heating. For
example, the polyester resin useful for the present invention
may be prepared by polycondensation of dicarboxylic acid and a

dihydroxy compound. There is no limitation as to the
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preparation method of the polyester resin. Accordingly, the
polyester resin may be prepared by other commonly known
methods. In addition, there is no limitation as to the type
of the polyester resin. That is, the polyester resin may be a

5 homopolyester or copolyester resin. Examples of suitable
polyester  resins include aromatic polyester such as
polyethylene terephthalate (PET), polybutylene terephthalate
(PBT) , polycyclohexaneterephthalate or .
polyethylenenaphthalate, and aromatic copolyester such as

10 poly (ethylene~1, 4-cyclohexanedimethylene terephthalate) or
glycol-modified polyethylene terephthalate.

The polycarbonate resin may be used as the thermoplastic
resin. For example, the polycarbonate resin may include an
aromatic polycarbonate resin prepared by reacting phosgene,

15 halogen formate or diester carbonate with a diphenol compound

represented by Formula I below:

(X) n XD n
HO OH

N/ TN\ /4

(T)

wherein A 1is a single bond, C;-Cs alkylene, Ci-Cs
alkylidene, Cs-Cs cycloalkylidene, -S- or -S0;~; X 1s a
20 halogen; and n is 0, 1 or 2.

The diphenol compound in Formula 1 may be 4,4'-
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dihydroxydiphenyl, 2,2-bis-(4-hydroxyphenyl)-propane, 2,4-bis-
(4-hydroxyphenyl) -2-methylbutane, 1,1-bis- (4-hydroxyphenyl) -
cyclohexane, 2,2-bis-(3-chloro-4-hydroxyphenyl)-propane, or
2,2-bis-(3,5-dichloro-4-hydroxyphenyl) -propane. Of these,
preferred are 2,2-bis-(4-hydroxyphenyl)-propane, 2,2-bis-(3,5-
dichloro-4-hydroxyphenyl) -propane and 1,1-bis-(4-
hydroxyphenyl) ~cyclohexane. More preferred 1is 2,2-bis-(4-
hydroxyphenyl) -propane, also called “bisphenol-A (BPA)”.

The polycarbonate resin may have a weight average
molecular weight of 15,000 to 50,000 g/mol.

There 1s no limitation as to the type of the
polycarbonate resin. That is, the polycarbonate resin may be
a linear or branched polycarbonate resin, or a polyester-
carbonate copolymer resin. The branched polycarbonate resin
may be prepared from the diphenol compound and 0.05 to 2 mol%
of a tri- or polyfunctional (i.e. polyfunctional) compound
such as a tri- or polyfunctional phenol compound, based on a
total mole of the diphenol compound.

The polyester-carbonate copolymer resin may be prepared
by polymerization in the presence of an ester precursor e.g.

dicarboxylic acid. The polyester-carbonate copolymer resin

- may be used singly or in combination with a polycarbonate

resin.

There is no limitation as to the type of the
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polycarbonate resin. That is, the polycarbonate resin may be
a homopolycarbonate resin, a copolycarbonate resin or a
combination thereof.

The polyolefin, polyester and polycarbonate resins have
been illustrated as preferred embodiments of the thermoplastic
resin. However, as aforementioned, other thermoplastic resins
may be used in addition to these examples. The specific
composition and preparation method of these thermoplastic

resins are well-known to those skilled in the art.

(B) Carbon nanotube

The electro-conductive thermoplastic resin composition
further comprises 0.1 to 5 parts by weight of a carbon
nanotube, based on a total of 100 parts by weight of the
electro-conductive thermoplastic resin composition. When the
carbon nanotube is used in an amount lower than 0.1 parts by
weight, 41t is difficult to realize desirable electro-
conductivity. When the carbon nanotube is used in an amount
exceeding 5 parts by weight, impact resistance may be
deteriorated.

The carbon nanotube exhibits superior mechanical
properties such as a high mechanical strength, a high Young’s
modulus and a large aspect ratio, high electro-conductivity

and superior thermal stability. Accordingly, by applying such

10



10

15

20

WO 2009/020261 PCT/KR2007/007008

a carbon nanotube to a polymeric composite, it is possible to
prepare a carbon nanotube-polymer composite with improved
mechanical, thermal and electrical properties.

There are a variety of methods for synthesizing carbon
nanotubes and examples  thereof include  arc-discharge,
pyrolysis, laser ablation, plasma enhanced chemical vapor
deposition (PECVD), thermal chemical vapor deposition and
electrolysis. The carbon nanotube may be synthesized by any
method.

Carbon nanotubes are divided into single-walled carbon
nanotubes, double-walled carbon nanotubes and multi-walled
carbon nanotubes, based on the wall number thereof. There is
no particular limitation as to the type of carbon nanotubes.
Preferred is the use of multi-walled carbon nanotubes.

There is no particular limitation as to the size of the
carbon nanotube. The carbon nanotube may have a diameter of
0.5 to 100 nm, preferably 1 to 10 nm, and a length of 0.01 to
100 um, preferably 0.5 to 10 gm. A carbon nanotube having a
diameter and length within these ranges can exhibit superior
electro-conductivity and processability.

Owing to the size within the range as defined above, the
carbon nanotube can have an aspect ratio (L/D). Depending on
the improvement in electro-conductivity, it is preferable to

use a carbon nanotube that has an aspect ratio of 100 to

11
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1,000.

(c) Impact modifier

The addition of a carbon nanotube to a polymeric resin
causes a deterioration in impact strength. This deterioration
can be offset by using an impact modifier.

The content of the impact modifier used for the electro-
conductive thermoplastic resin composition 1s preferably 0.1
to 5 parts by weight, based on a total of 100 parts by weight
of the thermoplastic resin composition and the range of the
content may be preferably determined based on various factors
e.g. impact reinforcement, inhibitory activity of orientation
and mobility, and mechanical strength such as tensile
strength, flexural strength or flexural modulus.

Specifically, the impact modifier useful for the present
invention 1is selected from the group consisting of a core-
shell copolymer, a silicone copolymer, an olefin copolymer and
a combination thereof.

The core-shell copolymer has a core-shell structure
prepared by graft polymerizing one or more monomers onto the
surface of a rubber core. The monomer 1is selected from
unsaturated compounds and examples thereof include styrene, o-
methylstyrene, halogen- or C;-Cg alkyl-substituted styrene,

acrylonitrile, methacrylonitrile, C;-Cg methacrylic acid alkyl

12
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ester, C;-Cg acrylic acid alkyl ester, maleic acid anhydride,
Ci-C4 alkyl or phenyl N-substituted maleimide and a
combination thereof. The rubber core 1s prepared by
polymerizing monomers selected from the group consisting of
C;~Cs diene, acrylate and silicone rubber monomers and a
combination thereof. Because of the structure in which wvinyl
monomers are grafted onto the rubber core, the core-shell
copolymer is in the form of a hard shell.

Preferably, the core-shell graft copolymer consists of
20 to 90% by weight of the rubber core and 10 to 80% by weight
of the shell. As a result, the mechanical physical properties
(e.qg. impact resistance) of the electro-conductive
thermoplastic resin can be efficiently improved.

Examples of the diene rubber that can be used as the
rubber core 1in the core-shell structure include butadiene,
acrylic, ethylene-propylene, styrene-butadiene, acrylonitrile-
butadiene and isoprene rubbers, and ethylene~-propylene-diene
(EPDM) terpolymer rubbers. The acrylate rubber that can be
used as the rubber core may be polymerized with acrylate
monomers selected from methyl acrylate, ethyl acrylate, n-
propyl acrylate, n-butyl acrylate, Z2-ethylhexyl acrylate,
hexyl methacrylate and 2-ethylhexyl methacrylate monomers and
a combination thereof. A hardener used in the polymerization

may be ethylene 'glycol dimethacrylate, propylene glycol

13
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dimethacrylate, 1,3-butylene glycol dimethacrylate, 1,4-
butylene glycol dimethacrylate, allyl methacrylate or triéllyl
cyanurate.

The silicone rubber that can be used as the rubber core
or the impact modifier in the core-shell structure may be
polymerized with one or more cyclosiloxane and examples
thereof include  hexamethyl cyclotrisiloxane, octamethyl
cyclotetrasiloxane, decamethyl cyclopentasiloxane,
dodecamethyl cyclohexasiloxane, trimethyl triphenyl
cyclotrisiloxane, tetramethyl tetraphenyl cyclotetrasiloxane
and octaphenyl cyclotetrasiloxane. A  hardener used to
polymerize the silicone rubber may be trimethoxy methylsilane,
triethoxy phenylsilane, tetramethoxysilane or
tetraethoxysilane.

The colefin copolymer suitable for use in the impact
modifier may be prepared by polymerizing one or more olefin
monomers selected from ethylene, propylene, isopropylene,
butylene and isobutylene monomers.

The olefin copolymer may be prepared using a general
olefin polymerization catalyst e.g. a Ziegler-Natta catalyst.
Alternatively, in order to ensure a more-selective structure,
a metallocene catalyst may be used.

In addition to the olefin copolymer, a reactive olefin

copolymer may be used, which 1s prepared by grafting a

14
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functional group e.g. maleic anhydride onto the olefin
copolymer. The olefin copolymer may be an ethylene/propylene,
isoprene or ethylene-octene rubber, or an ethylene-propylene-
diene (EPDM) terpolymer rubber. The reactive olefin copolymer
may be grafted with 0.1 to 5% by weight of a reactive
functional group selected from maleic anhydride, glycidyl
methacrylate, oxazoline and a combination thereof.

The method for grafting the reactive functional group
onto the olefin copolymer is well-known to those skilled in

the art.

(D) Hydrophobic polymer additive

The hydrophobic polymer additive that can be used in the
present invention may be a fluorinated polyolefin resin, a
pqusiloxane resin or a low-molecular weight polyolefin.

The hydrophobic polymer additive may be used alone or
in a combination thereof. The hydrophobic polymer additive is
preferably used in an amount of 0.1 to 10 parts by weight,
more preferably 0.1 to 5 parts by weight, based on a total of
100 parts by weight of the thermoplastic resin composition.
When the content of the hydrophobic polymer additive is lower
than 0.1 parts by weight, it is impossible to improve electro-
conductivity to a desired level. When the content exceeds 10

parts by weight, deterioration in physical properties due to

15



10

15

20

WO 2009/020261 PCT/KR2007/007008

phase-separation or isclation may occur.

Hereinafter, a detailed description o¢f the fluorinated
polyolefin and polysiloxane resins, and low-molecular weight
polyolefin will be given.

(a) Fluorinated polyolefin resin

The fluorinated polyolefin resin that can be used to
prepare the electro-conductive thermoplastic resin composition
of the present invention may .be a conventionally available
resin and examples thereof include polytetrafluoroethylene,
polyvinylidenefluoride, tetrafluoroethylene/vinylidenefluoride
copolymers, tetrafluoroethylene/hexafluoropropylene
copolymers, and ethylene/tetrafluoroethylene copolymers. The
resin may be used singly or in combination thereof.

When the fluorinated polyolefin resin 1is mixed and
extruded with the other resin ingredients, it moves into the
surface of the resin composition together with strongly
hydrophobic carbon nanotubes, thereby serving to exhibit
electro-conductivity. The fluorinated polyolefin resin can be
prepared by known polymerization processes. For example, the
fluorinated polyolefin resin is prepared in an aqueous medium
under a pressure of 7-71 kg/cm® at a temperature of 0 to
200°C, preferably 20 to 100°C in the presence of a free
radical-forming catalyst, e.g., sodium, potassium or ammonium

peroxydisulfate.

16
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In the preparation of the electro-conductive
thermoplastic resin, the fluorinated polyolefin resin may be
used in an emulsion or powder state. When the fluorinated
polyolefin resin is used in an emulsion state, it is uniformly
dispersed in the resin composition. However, the preparation
of the fluorinated polyolefin resin in an emulsion state is
complicated. Accordingly, it is preferred that the
fluorinated polyolefin resin be used in an emulsion state so
long as it can be suitably dispersed in the resin composition.

Most preferred is the use of polytetrafluoroethylene
that has an average particle size of 0.05 to 1,000 pm and a
density of 1.2 to 2.3 g/cn? as the fluorinated polyolefin

resin.

(b) Polysiloxane resin

Due to a specific structure, polysiloxane 1is capable of
imparting desirable properties required for final products to
an electroconductive composite and an article manufactured
from the composite. Polysiloxane includes a wide variety of
compounds and is characterized by a backbone represented by

Formula II below:

17
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R]
Si 0]
Rll
) St I
where R’ and R’’ are each independently a C;3-Cjs

aliphatic hydrocarbon or a C;-C3 aromatic hydrocarbon; and n
is an integer not less than 2.

Polysiloxane may be in a linear, branched or cyclic form
and comprises a variety of functional groups. In order to
secure desirable electrical and mechanical properties, a
combination of a variety of polysiloxanes may be used. For
example, the polysiloxane resin is at least one selected from
dimethylsiloxane, diethylsiloxane, methylethylsiloxane,
methylphenylsiloxane, ethylphenylsiloxane, diphenylsiloxane

and a copolymer thereof.

(c) Low-molecular weight polyolefin

The low-molecular weight polyolefin has a number-average
molecular weight of 1,000 to 50,000 g/mol. The low-molecular
weight polyolefin i1is prepared by polymerizing one or more
olefin monomers selected from ethylene, propylene,
isoprépylene, butylene, isobutylene and a combination thereof,

or degrading high-molecular weight polyolefin. When the

18
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polyolefin has a number-average molecular weight exceeding
50,000 g/mol, it decreases in the ability to migrate onto the
surface of the resin composition, thus making it difficult to
improve electro-conductivity. Depending on the improvement in
electro-conductivity, it 1is preferable to use polyolefin that
has a number-average molecular weight of 2,000 to 20,000
g/mol.

The low-molecular weight polyolefin may be prepared
using a general olefin polymerization catalyst, i.e. a
Ziegler-Natta catalyst. To form a more selective structure, a
metallocene catalyst may be used to prepare the polyolefin.
In addition, the low-molecular weight polyolefin may be
prepared by thermally- or chemically degrading high-molecular
weight polyolefin such as high-density polyethylene, low-
density polyethylene or polypropylene.

Furthermore, 1in order to improve dispersibility of
polyolefin with other resins, a functional group such as
maleic anhydride is grafted on the polyclefin. Alternatively,
a graft copolymer-type modified olefin may be prepared which
consists of the polyolefin as a backbone and other resin e.qg.

polystyrene as a chain.

Meanwhile, the electro-conductive thermoplastic resin
composition of the present invention further comprises one or

more additives depending on its applications.

19
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Specifically, in order to improve physical properties
e.g. mechanical strength and heat deflection temperature, the
electro-conductive thermoplastic resin composition may further
comprise an inorganic filler such as a glass fiber, a carbon
fiber, talc, silica, mica or alumina.

Furthermore, the electro-conductive thermoplastic resin
composition may further comprise UV stabilizers, heat
stabilizers, antioxidants, flame retardants, lubricants and

pigments and/or dyes.

The additive may be preferably used in an amount of 0.1
to 30 parts by weight, based on 100 parts of the resin
composition.

The electro-conductive thermoplastic resin composition
according to the present invention may be prepared by mixing
the thermoplastic resin, the carbon nanotube, the impact
modifier and the hydrophobic polymer additive in accordance
with a well-known method. For example, the electro-conductive
thermoplastic resin composition may be prepared by
simultaneously mixing constituent components of the resin
composition with other additives, melt-extruding the mixture
in an extruder, and pelletizing the extrudate.

In another aspect, the present invention is directed to
an article manufactured from the electro-conductive

thermoplastic resin composition.

20
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The composition of the present invention is useful for
molding a variety of products. In particular, the composition
is suitable for the production of electrical and electronic
products that require superior electro-conductivity ‘and
mechanical properties when injected at a high temperature.

Such an article, for example, may comprise: a
thermoplastic resin matrix; and a carbon nanotube, an impact
modifier and a hydrophobic polymer additive, each being
dispersed in the thermoplastic resin matrix. According to the
article, the impact modifier dispersed in the thermoplastic
resin can inhibit the deterioration in mechanical physical
properties (e.g., impact resistance) which results from the
inclusion of the carbon nanotube, and the addition of the
hydrophobic polymer additive enables improvement in electro-
conductivity.

Accordingly, since the article maﬁufactured from the
electro-conductive thermoplastic resin composition imparts
electro-conductivity to automobiles, electric apparatuses, and
electronic assemblies or cables, it may be suitably utilized
in a variety of applications including e.g. antistatic and

electrostatic discharge.

[Advantageous Effects]

As apparent from the above description, according to the

21
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present invention, an electro-conductive thermoplastic resin
composition with controllable superior electro-conductivity
and excellent impact resistance 1is provided. Since the
electro-conductive thermoplastic resin composition imparts
electro-conductivity to automobiles, electric apparatuses, and
electronic assemblies or cables, it may be suitably utilized
in a variety of applications 1including antistatic and

electrostatic discharge.

[Mode for Invention]

Hereinafter, the fact that the electro-conductive
thermoplastic resin composition according to preferred
embodiments of the present invention exhibits good electro-
conductivity and impact resistance will be illustrated with
reference to the following specific Examples. Although not
mentioned herein, a greater detail thereof will be appreciated
by those skilled in the art.

The specification of (A) a polycarbonate resin, (B) a
carbon nanotube, (C) an impact modifier and (D) a hydrophobic
polymer additive wused 1in the following Examples and

Comparative Examples is given below:

(A) Polycarbonate resin
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Bisphenol-A polycarbonate (weight average molecular

weight (Mw): 25,000 g/mol) was used as a polycarbonate resin.

(B) Carbon nanotube
5 A multi-walled carbon nanotube (C-tube 100® available
from CNT Co., LTD., diameter: 10-50 nm, length: 1-25 um) was

used as the carbon nanotube.

(C) Impact modifier
10 A methyl methacrylate-butadiene ethyl acrylate copolymer
(EXL 2062 available from Kureha Chemical Industry. Co., Ltd.)

was used as the impact modifier.

(D) Hydrophobic polymer additive
15 a) Fluorinated polyolefin resin
A TEF 9205 PTFE powder (available from Dyneon, Inc.,

average diameter: 8 um, bulk density; 400 g/l) was used.

b) Polysiloxane resin
20 L-45 poly(dimethyl siloxane) available from Nippon

Unicar Co., Ltd. was used.

c) Low-molecular weight polyolefin

An IL-C 104N low-molecular weight polyethylene wax
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(available from Lion Chemtech Co., Ltd.) was used.

EXAMPLES 1 TO 12

Electro-conductive thermoplastic resin compositions of
Examples 1 to 12 were prepared from the aforementioned
constituent components in accordance with the contents shown
in Tables 1 and 2. At this time, a general heat stabilizer
was added in an amount of 0.3 parts by weight. The physical
and electrical properties of the electro-conductive
thermoplastic resin compositions of Examples 1 to 12 are shown

in Tables 1 and 2.

COMPARATIVE EXAMPLES 1 AND 2

Electro-conductive thermoplastic resin compositions of
Comparative Examples 1 and 2 were prepared in the same manner
as in Examples 1 to 12 except that neither carbon nanotube nor
hydrophobic polymer additive was added. Compositions and
physical/electrical properties in Comparative Examples are
shown 1in Table 1 below. At this time, a general heat
stabilizer was added in an amount of 0.3 parts by weight.

TABLE 1

Comparative
Examples
Examples

1 2 3 4 5 6 1 2

(A) Thermoplastic resin
942 | 937 | 932 | 927 | 927 | 927 | 967 | 937

(wt. parts)
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(B) Carbon nanotube
1.5 2 25 3 3 3 3 3
(wt. parts)
(C) Impact modifier
3 3 3 3 3 3 - 3
(wt. parts)
(D) Hydrophobic (a) 1 1 1 I 0.5 0.5 - -
polymer additive (b) - - - - 0.5 - - -
(wt. parts) © - - - - - 0.5 - -
1ZOD impact strength (kgf'em/cm) | 68 68 67 63 67 65 12 68
Surface resistance )
10° | 1% | 10° | 10° | 10" | 107 | 10" | 107
(8/s5q)
TABLE 2
Examples
7 8 9 10 11 12
(A) Thermoplastic resin
927 | 907 | 90.7 | 887 | 90.7 | 887
(wt. parts)
(B) Carbon nanotube
3 3 3 3 3 3
(wt. parts)
C) Impact modifier
(©) Tmp 3 3 3 3 3 3
(wt. parts)
(D) Hydrophobic (a) 2 3 - - - -
polymer additive {®) - - 3 5 - -
(wt. parts) © - - - - 3 5
[ZOD impact strength (kgf'em/cm) | 61 59 54 59 60 61
Surface resistance
100 | 10° | 107 | 107 | 10" | 10
(R/sq)

Respective ingredients were added in accordance with
contents shown in Tables 1 and 2 and then mixed in a mixer
generally used to mix polymeric ingredients. The mixture was
put in a double-screw extruder (L/D=36, &=45 mmm). Resin

compositions were pelletized from the mixture. The pellets

25



10

15

20

WO 2009/020261 PCT/KR2007/007008

were molded into test specimens of 10 cm x 10 <m for
measurement of physical ©properties and evaluation of
electrical conductivity using an injection machine with a
maximum injection weight of 10 oz at an injection temperature
of 300°C.

The impact resistance of each test specimen was measured
by IZOD impact strength testing (kgf :cm/cm, ASTM D256, 1/8”)
which is generally used to test impact strength of polymeric
composites. The electrical conductivity (surface resistance)
was measured with a 4-probe technique as a commonly used
method. The results are shown in Tables 1 and 2.

It can be seen from the results that in a case where a
resin composition uses the polycarbonate resin (A) and the
carbon nanotube (B) only, the resin composition exhibits no
electrical conductivity after the injection (Comparative
Example 1), and in a case where a resin composition comprises
the polycarbonate resin (A), the carbon nanotube (B) and the
impact modifier (C), but comprises no hydrophobic polymer
additive (D), the resin composition exhibits no electrical
conductivity (Comparative Example 2).

On the other hand, it can be confirmed from the results
that in a case where resin compositions of the Examples
comprise all of the polycarbonate resin (A), the carbon

nanotube (B), the impact modifier (C) and the hydrophobic
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polymer additive (D}, the resin compositions exhibit
sufficient electrical conductivity and can show conductivity
after injection even using a small amount of the hydrophobic
polymer additive (D) without causing damage to mechanical
properties e.g. impact strength.

This 1s because the hydrophobic polymer additive is
linked to the carbon nanotube and thus mediates migration of
the carbon nanotube onto the surface of the resin composition
when the carbon nanotube is dispersed and injected, thereby
contributing to improvement in electro-conductivity.

In particular, it can be seen from the results of
Examples 7 to 12 that a resin composition which uses a
fluorine—based: polymer, Teflon, as the hydrophobic polymer
additive exhibits conductivity even using a small amount of
the fluorine-based polymer, as compared to a resin composition
which uses either a polyethylene wax or a polysiloxane
polymer. When the polyethylene wax or the polysiloxane
polymer was wused 1in an excessive amount, 1t is poorly
compatible with most thermoplastic resins and may be separated
from the surface of the thermoplastic resins.

In the case of Examples 5 and 6 in which a combination
of one or more hydrophobic polymers 1is used, resin
compositions which use a fluorine-based polymer in conjunction

with the polyethylene wax or polysiloxane polymer show
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superior surface conductivity.

The aforementioned-results ascertain that the electro-
conductive thermoplastic resin composition according to
Examples of the present invention may be utilized in a variety
of applications including antistatic and electromagnetic
shielding.

Although the preferred embodiments of the present
invention have been disclosed with reference to the
accompanying Tables for illustrative purposes, those skilled
in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the

accompanying claims.
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[CLAIMS]

[Claim 1]

An electro-conductive thermoplastic resin composition
5 comprising:

80 to 99.7 parts by weight of a thermoplastic resin;

0.1 to 5 parts by weight of a carbon nanotube;

0.1 to 5 parts by weight of an impact modifier; and

0.1 to 10 parts by weight of a hydrophobic polymer
10 additive, based on a total of 100 parts by weight of the

electro-conductive thermoplastic resin composition.

[Claim 2]
The electro-conductive thermoplastic resin composition
15 according to claim 1, wherein the thermoplastic resin is
selected from the group consisting of a polyolefin resin, a
styrene resin, a polyamide resin, a polyester resin, a

polycarbonate resin and a combination thereof.

20 [Claim 3]
The electro-conductive thermoplastic resin composition
according to claim 1, wherein the impact modifier is selected
from the group consisting of a core-shell polymer, an olefin

copolymer and a combination thereof.
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[Claim 4]
The electro-conductive thermoplastic resin composition
according to claim 1, wherein the carbon nanotube has a

diameter of 0.5 to 100 nm and a length of 0.01 to 100 /m.

[Claim 5]

The electro-conductive thermoplastic resin composition
according to claim 3, wherein the core-shell polymer has a
core-shell structure prepared by graft polymerizing one or
more monomers onto a rubber core, wherein the monomer is an
unsaturated compound selected from the group consisting of
styrene, o-methylstyrene, halogen- or Ci-Cg alkyl-substituted
styrene, acrylonitrile, methacrylonitrile, C;-Cg methacrylic
acid alkyl ester, C;-Cg acrylic acid alkyl ester, maleic acid
anhydride, C;-Cq alkyl or phenyl N-substituted maleimide, or a
combination thereof and the rubber core is polymerized with
one or more monomers selected from the group consisting of C4-
Ce¢ diene, acrylate and silicone rubber monomers and a

combination thereof.

[Claim 6]

The electro-conductive thermoplastic resin composition

according to claim 5, wherein the acrylate rubber 1is
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polymerized with acrylate monomers selected from the group
consisting of methyl acrylate, ethyl acrylate, n-propyl
acrylate, n-butyl acrylate, 2-ethylhexyl acrylate, hexyl
methacrylate, 2-ethylhexyl methacrylate and a combination
thereof, and the silicone <rubber 1is ©polymerized with
cyclosiloxane selected from the group consisting of hexamethyl
cyclotrisiloxane, octamethyl cyclotetrasiloxane, decamethyl
cyclopentasiloxane, dodecamethyl cyclohexasiloxane, trimethyl
triphenyl cyclotrisiloxane, tetramethyl tetraphenyl
cyclotetrasiloxane, octaphenyl cyclotetrasiloxane and a

combination thereof.

[Claim 7]

The electro-conductive thermoplastic resin composition
according to claim 3, wherein the olefin copolymer is prepared
by polymerizing olefin monomers selected from ethylene,
propylene, isopropylene, butylene, isobutylene and a

combination thereof.

[Claim 8]

The electro-conductive thermoplastic resin composition
according to claim 1, wherein the hydrophobic polymer additive
is selected from the group consisting of a fluorinated

polyolefin resin, a polysiloxane resin, a low-molecular weight
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polyolefin and a combination thereof.

[Claim 9]
The electro-conductive thermoplastic resin composition

according to claim 8§, wherein the fluorinated polyolefin resin

is selected from the group consisting of
polytetrafluoroethylene, polyvinylidenefluoride, a
tetrafluoroethylene/vinylidenefluoride copolymer, a
tetrafluoroethylene/hexafluoropropylene copolymer, an

ethylene/tetrafluoroethylene copolymer and a combination

thereof.

[Claim 10]

The electro-conductive thermoplastic resin composition
according to claim 8, wherein the polysiloxane resin is at
least one selected from dimethylsiloxane, diethylsiloxane,
methylethylsiloxane, methylphenylsiloxane,

ethylphenylsiloxane, diphenylsiloxane and a copolymer thereof.

[Claim 11]

The electro-conductive thermoplastic resin composition
according to <claim 8, wherein the low-molecular weight
polyolefin is at least one olefin copolymer selected from

ethylene, propylene, isopropylene, butylene, isobutylene and a

32



10

15

WO 2009/020261 PCT/KR2007/007008

combination thereof.

[Claim 12]

The electro-conductive thermoplastic resin composition
according to claim 1, further comprising one or more additives
selected from a glass fiber, a carbon fiber, talc, silica,
mica, alumina, a UV stabilizer, a heat stabilizer, an
antioxidant, a flame retardant, a lubricant, a pigment and a

dye.

[Claim 13]
A  plastic article manufactured from the electro-

conductive thermoplastic resin composition according to claim

1.
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